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Question 1 content to review:
● Steady Level Flight: When an aircraft is not accelerating and there is no net forces acting

upon it
L = W , T = D

● Lift equation: 𝐿 =  1
2 ρ𝑉2𝑆𝐶

𝐿

○ Ambient density ( )ρ
○ Flight velocity ( )𝑉
○ Wing area ( )𝑆
○ Lift coefficient ( )𝐶

𝐿

● Drag equation: 𝐷 =  1
2 ρ𝑉2𝑆𝐶

𝐷

○ Ambient density ( )ρ
○ Flight velocity ( )𝑉
○ Wing area ( )𝑆
○ Drag coefficient ( )𝐶

𝐷

● Aspect ratio: 𝐴𝑅 = 𝑏2

𝑆  

○ Wing span ( )𝑏
○ Wing area ( )𝑆

● Wing loading: 𝑊𝐿 =  𝑊
𝑆

○ Weight: 𝑊 =  𝑚𝑔
○ Wing area ( )𝑆

● Linear Interpolation:
𝑥 − 𝑥
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English SI

Time s s
Pressure 𝑙𝑏

𝑓𝑡2  =  𝑝𝑠𝑓 𝑁

𝑚2  

Temperature R K
Density 𝑠𝑙𝑢𝑔

𝑓𝑡3  𝑘𝑔

𝑚3  

Velocity 𝑓𝑡
𝑠  𝑚

𝑠  

Force 𝑙𝑏 =  𝑙𝑏
𝑓
 𝑁 

Mass 𝑠𝑙𝑢𝑔 𝑘𝑔 
Energy 𝑓𝑡 * 𝑙𝑏 𝑁𝑚 =  𝐽 
Power 𝑓𝑡*𝑙𝑏

𝑠  𝑁𝑚
𝑠 = 𝐽

𝑠 = 𝑊 

Area 𝑓𝑡2 𝑚2 
Gas Constant 𝑓𝑡*𝑙𝑏

𝑠𝑙𝑢𝑔*𝑅
𝐽

𝑘𝑔*𝐾

Metric (SI) English (lb)

Weight Newton (N) Pounds (lb)

Mass Kilogram (kg) Slug

● English units can also express mass as pound mass (lbm)
● On earth's surface a mass of 1 lbm will weigh 1 lbf
● 1 slug = 32.2 lbm



Standard Atmosphere

Altitude Definitions
- Absolute Altitude : Distance from center of Earth to object(ℎ

𝑎
)

- Geometric Altitude : Distance from sea-level to object(ℎ
𝑔
)

- Geopotential Altitude :Mainly used in derivation (assumes g is constant)(ℎ)

- Density Altitude: Corresponding altitude with a given ambient density or vice versa
- Pressure Altitude: Corresponding altitude with a given ambient pressure or vice versa
- Temperature Altitude: Corresponding altitude with a given ambient temperature or vice

versa
- Use Appendix A and B (the Tables) to determine the altitudes corresponding to

the respective pressure, density, and temperatures at a certain altitude.

Gravity Variation with Altitude:

Temperature Distribution in the Standard Atmosphere
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● Note: Finding “temperature altitude” is potentially troublesome because unlike pressure
and density, which have an exponential relationship with altitude. Temperature in certain
ranges of altitude is linear OR constant (isothermal). It’s these isothermal sections that
makes it difficult to find “temperature altitude”, since an altitude of 11,000 m and 25,000
, have the same temperature.

Isothermal Regions

● Temperature → 𝑇 = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

● Pressure →
𝑃
𝑃

1
= 𝑒

(−
𝑔

0

𝑅𝑇 (ℎ−ℎ
1
))

● Density →
ρ
ρ

1
= 𝑒

(−
𝑔

0

𝑅𝑇 (ℎ−ℎ
1
))

Gradient Regions

● Temperature → 𝑇 = 𝑇
1

+ 𝑎(ℎ − ℎ
1
) 

● Pressure →
𝑃
𝑃

1
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𝑇
1

)
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● Density →
ρ
ρ
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𝑔
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Pressure 5.3 104 Wha

Ambient Temp 253 Ca
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Given T 391 R L 900,000 lb

P 4.8 x 102 Psf Vs 600 mph 5 554 ma

5 18 steady level flight
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Question 2 Problems:

●
● A low-speed subsonic wind tunnel is operating with a mass flow rate of 15.4 kg/s, a

density of 1.32 kg/m^3, and a temperature of 20 degrees C at its settling chamber.
Determine the velocities (m/s) and (static) pressures (Pa) in the wind tunnel at (a)
location 1 and (b) location 2 and location 3.

● A Pitot tube is mounting in the test section of a low-speed subsonic wind tunnel. The
flow in the test section has a velocity, static pressure, and temperature of 150 mph, 1 atm,
and 70 degrees F, respectively. Calculate the pressure measured by the Pitot tube

oKHMHYpqp
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M pAV
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1 atm 2116 22 psf
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M VE

an VIT 1474716 77 994.75 ft is

T 411.77 R

Va Max 0.95 994 5 945.01 ft is



● A high-speed aircraft is flying at Mach 0.95 in a standard atmosphere at 30,000 ft.
Determine true airspeed

Question 3 content to review:

● Dynamic pressure equation: 𝑞 =  1
2 ρ𝑉2

● Anything over a mach number of 0.3 is considered compressible
● Compressible flow equations work for ALL cases
● Isentropic means that the flow is adiabatic and reversible

● Energy equation: 𝐶
𝑝
𝑇

1
+ 1

2 𝑉
1
2 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 = 𝐶

𝑝
𝑇

2
+ 1

2 𝑉
2
2

○ Assumes: steady - isentropic flow, along a streamline, no body forces, constant
specific heat .𝐶

𝑝

● Isentropic flow relations:
𝑃

2

𝑃
1

= (
ρ

2

ρ
1

)
γ

= (
𝑇

2

𝑇
1

)
γ

γ−1

○ Assumes: adiabatic, reversible, steady, ideal gas
● Isentropic Mach relations:

○
𝑇

0

𝑇 = 1 + γ−1
2 𝑀2

○
𝑃

0

𝑃 = (1 + γ−1
2 𝑀2)

γ
γ−1

○
ρ

0

ρ = (1 + γ−1
2 𝑀2)

1
γ−1

■ Sub 0 denotes stagnation values
■ Pitot tubes measure stagnation pressure

● Helpful compressible flow equations:
○ Continuity: ρ

1
𝑉

1
𝐴

1
= 𝑚𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 = ρ

2
𝑉

2
𝐴

2
 

○ Isentropic flow relations
○ Isentropic Mach relations
○ Energy equation
○ Relations using ideal gas at different points in the flow ( )𝑃 = ρ𝑅𝑇
○ Mach number: 𝑀 = 𝑉

𝑎

■ a = speed of sound = γ𝑅𝑇
● Gamma is 1.4 for air, and R is 287 (SI) or 1716 (English)

○ R = -𝐶
𝑝

𝐶
𝑣

mama
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