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Section 4.2.  The Standard Atmosphere
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Atmospheric Model Background
• Earth's atmosphere is an extremely thin sheet of air extending from surface of 
Earth to edge of space. 

• If Earth were size of a basketball, a tightly held pillowcase would represent 
thickness of atmosphere. 

• Gravity holds atmosphere to Earth's surface. Within atmosphere, very 
complex chemical, therrmodynamic, and fluid dynamics effects occur. 

• Atmosphere is not uniform; fluid properties are constantly changing with time 
and place. We call this change “weather”.

• Variations in air properties extend upward from surface of Earth. Sun heats 
surface of Earth, and some of this heat goes into warming air near surface, 
heated air is also diffused or convected up through atmosphere. 
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Atmospheric Model Background (2)
• Thus the air temperature (and the local speed of sound) is highest near the 
surface and decreases as altitude increases. 

• Air pressure is proportional to the weight of the air over a given location. 
Tus air pressure decreases as we increase altitude. 

• Air density depends on both the temperature and the pressure through the 
equation of state and also decreases with increasing altitude.

• Due to localized sun angles, terrain, gravitational changes with latitude, and 
coriolis forces due to earth’s rotation, properties within the atmosphere 
change significantly with time of year, and global latitude/longitude. 

• To help with establishing “mean designs” for air-vehicles, it is extremely 
useful to define “standard” conditions, and develop models of how the 
atmospheric properties vary as a function of altitude .. Thus the so-called 
Standard Day, and Standard Atmosphere.”
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Hydrostatic	Equation

Integrating	over	a	depth	of	atmosphere
Assuming	constant	gravity

Hydrostatic Model of the Atmosphere
• For a fluid in rest without shearing stresses, any elementary fluid element will 
be subjected to two types of forces, namely, surface forces due to the pressure 
and a body force equal to the weight of the element. 
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Temperature	“Lapse	Rate”	Model	
T (z)=T1−αL ⋅ z→αL ≡ Lapse Rate
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Hydrostatic Model of the Atmosphere (2)
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Hydrostatic Model of the Atmosphere (3)
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Decay	of	Pressure	with	Altitude	in	Troposphere
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Hydrostatic Model of the Atmosphere (4)

• For the stratosphere atmospheric layer 
(between 11.0 and 20.1 km), the temperature 
has a constant value (isothermal conditions) 
which is 56.5 C (or 69.7 F, 389.97 R, 216.65
K). 

p(z)= ps ⋅e
−

g
Rg⋅Ts

z−zs( )

Decay	of	Pressure	with	Altitude	in	Stratosphere
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Extension to Mesosphere
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International Standard Atmospheric Model
• There are a myriad of atmospheres available 
.. Each serving a certain technical purpose …

see link on section 4 wep page .. 
http://www.spacewx.com/Docs/AIAA_G-
003B-2004.pdf

• Basically, working models break into 
distinct altitude layers 

1) Troposphere 
• à h < 11 km (36,000 ft)

2) Lower Stratosphere 
• à 11 km< h < 25 km (82,000 ft)

3) Upper Stratosphere 
• à 25 km < h < 50 km

4) Mesosphere 
• à h > 50 km

By Cmglee - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=23450463
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International Standard Atmospheric Model (2)



MAE 6530 - Propulsion Systems II

1976 US Standard Atmospheric Model

z
Hs
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1976 US Standard Atmospheric Model (2)
1976 US Standard Atmosphere

z
Hs

→
z= geometric altitude
Hs = "scale height" Hs =

c0
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1976 US Standard Atmospheric Model (3)

1976 US 
Standard 
Atmosphere

Up Through 
Stratosphere
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1976 US Standard Atmospheric Model(4)

1976 US Standard Atmosphere up Through Mesosphere 
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1976 US Standard Atmospheric Model(5)
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1976 US Standard Atmosphere Source Code

1976 US Standard Atmosphere up Through Mesosphere 
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Earth Global Reference Atmospheric Model 
(Earth-GRAM 2010)

GRAM .. 

• Global model, using empirical database, giving density, 
temperature, pressure, winds, and selected atmospheric constituent 
concentrations, from the surface of the Earth to orbital altitudes, as 
a function of geographic position and time of year. 

• Local perturbations about mean conditions are also included. 
Model is also suitable for use as a subroutine in a trajectory code or 
orbit propagator program or other programs used for simulations of 
in-flight or on-orbit atmospheric variability in density, temperature, 
or winds.

https://see.msfc.nasa.gov/model-gram
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Homework 4.2

@ Sea Level

Assume Nozzle 
Optimized for Sea 
Level
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Homework 4.2 (2)

7. Mean L/D for (Sea Level) Cruise Conditions

Assume	Stagnation

Launch Weight = 2,150 kg

hfuel = ηcombustor ⋅QR
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Questions??


