
Final review  

Midterm 1 

Forces acting on an aircraft  

 

 

 

 

 

 

 

 

 

 

 

 

 

Wing loading  

 

Flight regimes: 

 

M<0.3                             incompressible Assumes constant density. Air 
behaves as a perfect gas 

0.3<M<0.8                     compressible subsonic          
Density changes are now 
substantial and should be 
accounted for. Assumes air is a 
perfect gas  
 

0.8<M<1.2 Transonic  Mixed flow types. Including 
subsonic and supersonic in 
certain regions 

1.2<M<5 Supersonic  Shock waves formation. Large 
temperature increase  

 



M>5 Hypersonic  Air is no longer behaving as a 
perfect gas. Shocks. Very high 
temperatures  

   
Standard atmosphere: Agreed upon standard for what pressure, temperature and density will likely be 
at a given altitude  

Pressure= F/A  Normal force per unit area. It decreases as we go up in altitude  

Density=m/V Mass per unit volume 

Temperature: Average kinetic energy of a collection of gas molecules. 

The variation of temperature with altitude 

 

 

 

 

 

 

 

 

 

 

 

 

You cannot find altitude based only on temperature because a value of temperature can correspond to 
more than one altitude  

The pressure and density variations with altitude are obtained from this empirical temperature variation 
by using the laws of physics.  

Temperature gradient regions  

 

 

 

 



 

Isothermal regions  

T is constant  

 

 

 

 

 

 

 

 

Equation of state 

Assumes a perfect gas 

 

Manometers: Useful for measuring pressure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Continuity equation:  

Based on conservation of mass: Mass can be neither created not destroyed 

Mass flow rate  

 

 

Looking at two points  

 

If incompressible  

 

Bernoulli 

 Derived from the conservation of momentum  

Assumptions: 

1. Inviscid  
2. Neglect gravity (no body forces) 
3. Steady 
4. Incompressible  
5. Same streamline  

 

Midterm 2  

For any process  

-Energy equation (relates temperature and velocity ) 

 

 

 

-Isentropic flow  

Assumptions: 

Adiabatic: No heat transfer  

Reversible: No friction  

Isentropic relations 

 



 

 

 

 

We cannot assume incompressible; density must be allowed to change (Can’t use Bernoulli)  

 

 

Subsonic wind tunnels  

Most of the times can assume incompressible because we are dealing with low speed. 

- Velocity increases as the area decreases through the convergent nozzle, and the opposite occurs 
for the divergent part  
 
Different types of pressures  
-Static pressure is the pressure we would feel if we were moving along with the flow (Standard 
atmosphere table)  
-Total pressure or stagnation pressure: The pressure obtained at a point where the flow velocity 
has been decreased to zero. 
-It is a property of the flow.  
-Constant throughout. (We can use it to find the pressure at other points) 
-It is measured by a pitot tube  
- If we assume incompressible the Bernoulli’s equation can be used, which relates dynamic 
pressure, total pressure, and static pressure. 
 
 
 
 
-Solving for true airspeed which deals with the actual density. 
 
Equivalent airspeed is the airspeed measured by an airspeed indicator and deals with sea level 
density. If assuming incompressible flow, then  
  
An equation that relates true airspeed and equivalent airspeed: 
 
 

 

We can find Mach number using the isentropic Mach relations   
 
 



 

Supersonic wind tunnels 

-For the velocity to increase the area must increase  

Supersonic wind tunnel  

 

 

 

Rocket nozzle  

 

 

 

Reservoir: P0, T0,rho0 (flow going into the wind tunnel) 

Test section: P_exit, T_exit, rho_exit (flow going out). 

Area Mach relations  

 

 

I we are given a Mach number or an area ratio, we can get either of those from the table 

- Be careful when using the table, since your result will depend on if the flow is subsonic or 
supersonic 

- Its important to know that a throat is the point where the smallest area of a wind tunnel or 
rocket nozzle can be found, but having a throat does not necessarily mean that you have a 
choke point where M=1.  

- A* which is the area where M=1 can be thought as a property of the flow like P0,T0 and rho0. 
Even if we do not physically have it, we can still solve for it, and use this value to find other 
variables.  

- You will see indications that  wind tunnel has a physical choke point (e.g. if you are told that the 
flow goes from subsonic to supersonic) 

- Even if there is throat , if the M is not 1 at this point, the flow can stay subsonic or supersonic.  

 

Midterm 3 review. Weeks 8-11 

Viscous flow  

 



Types of drags: 

Pressure drag: Mostly affect bluff bodies. It causes high pressure upstream and low pressure 
downstream, this is due to flow separation. Acts perpendicular to the surface  

Flow separation: Where the streamlines can no longer follow the curvature of the of the body.  

 

 

 

 

 

 

 

Skin friction drag: Is produced by the friction of the air molecules with the surface which creates a shear 
stress at the surface. This acts in a direction tangential to it.   

 

 

 

 

Viscosity for air at standard sea-level temperature 

μ =  1.7894*10^-5   kg/(m)(s)  = 3.7373 × 10−7  slug/(Ō)(s)  

Viscosity can be calculated  

 

 

 

 

Reynolds number: Non dimensional parameter. Describes the behavior of viscosity. High Reynolds 
number indicates low viscosity, and low Reynolds number indicates high viscosity.  

Re= 

 

 

 



Types of flow 

Laminar flow: Streamlines are smooth and regular, and a fluid element moves smoothly along a 
streamline. 

Boundary layer thickness 

 

Total Skin friction coefficient  

 

Turbulent flow: The streamlines break up and a fluid element moves in a random, irregular fashion 

Boundary layer thickness  

 

 

Total skin friction coefficient  

 

 

 

Laminar shear stress is less than the turbulent shear stress. Therefore, the skin friction is higher for 
turbulent flow. Turbulent boundary layer is thicker and grows faster.  

In reality, the flow always starts out from the leading edge as laminar, and then at the transition point  
the boundary layer becomes completely turbulent where the boundary layer grows at a faster rate.  

This point where transition occurs is called the critical point, which corresponds to a critical Reynolds 
number 

Re_crit= 

 

 

For a 2D infinite airfoil (Cl,Cd,Cm) and a 3D finite wing (CL,CD,CM), the lift and drag coefficient are 
different. 

This is because for an airfoil section, the end effects are removed when testing in a wing tunnel. 

 For a 3 D wing these end effects produce a downward component called downwash. This causes an 
induced drag, which increases the total drag and reduces the lift. 

 Downwash causes the relative wind in the proximity of the airfoil section to be inclined slightly 
downward through a small angle called the induced angle of attack . This in turn reduces the angle of 
attack felt by the local airfoil section to a value smaller than the geometric angle of attack. This smaller 



angle of attack is called the effective angle of attack. The effective angle of attack for a 3D wing is 
equivalent to the geometric angle of attack for a 2D airfoil.    

 

 

 

 

 

 

Induced AoA= 

(in radians) 

Induced AoA  

(in degrees) 

 

 

CDi= 

AR= 

If we have an elliptical wing(ideal case)then e=1 

Where e is the span efficiency factor  

CDi= 

Induced Drag= 

 

 

To find total drag: 

CD=Cd+CDi 

Dtot= 

 

 

 

 



 

Where Cd is the profile drag. Cd for a 2D case  

For lift coefficient 

CL= 

 

For the 3D lift curve slope  

a=  

 

 

 

Pressure coefficient 

Cp= 

 

 

 

Cp= 

 

 

Compressible flow 

Prandtl Glauert Compressibility Correction   

 

 

 

 

Compressibility correction for lift coefficient  

 

 

 

 



Critical Mach number and Critical Pressure Coefficient  

Critical Mach number: The freestream Mach number at which the flow around the airfoil first reaches 
sonic conditions (M=1) 

 

Critical Pressure Coefficient: Pressure coefficient on the airfoil that correspond to M=1. This is the most 
negative value, corresponds to the highest velocity on the airfoil.  

 

 

 

Cpcrit= 

 

 

 

Cp= 

 

 

 

 

Cpcrit= 
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0.4.s9.r + ll: 0.tS.ì9 {.02 

'.!9',..t 
+ 0t

0.494J I tìl (1,16l: { 0l 0..t(,{8 I 0l
0.5.r!(, + 02 0. I ?(19 .l 02 0..1t I : + (,t0.-f7l:{0t 0.lguo+02 O.Jt?B+0t
0.6l.Jl + 0: 0.t89ó +02 0.1244 l.0t
0.ó61I t, (D 0.199ó { 02 O,.t.r I 2 + 0l0.710J+(t2 0.2t0t +0! O.J.ltr0+0t
0.7617+02 0.12il +02 0.J45Ct+0t

0.81t7+01 0.2.ì:i+0: 0.JilO+0t0.t784+02 0,144.f+01 0..ìS9l+01
().9420 + 0l (l l.f 7t + 0l 0..tótrJ + 0t0.10t0+(l.l 0.1701 +01 0,.1?J8+0t
0.1082+(tl o.lt-ttJ+02 O...i8lJ+0t0.llJ9+0J 0.298t+02 0,J8t8+0t
0,1211+0t 0.Jt29+02 0.196{+0t0lUt+03 0.Jl8.f +02 0.4{}41+0t
0 I 120 + 0.ì f,..14,tó .l lE ft.¡t t l0 | 0 |
0.151¡l+0J 0,Jóti+(,2 (,.4:rX)+0t

Subsonic supersonic



l t Me
2

46.98 kPa

I t Me 508.81 k

a e 8Rte 452 15 Mls

Ve Me he 993 37Mls

Good LUCK



Solution

Pa fair_1.225491ms

2

3
I

fit.o
10004in

Stig43,60041ms



Thing toRemember ur Manometers

1 Pressures in continuousfluids are theSAME at theSAMEheight
it 2 pa Po if ha ho

PoEA

throw to

However PatPo if thereis adifferent fluid widthnutf

PoEA

throw to

HEIGHT MATTERS Usinghydrostaticequation sp ggsh
Nomatterhowcrazythe manometer looks
for asinglefluidchargein height is theonlythingthatwillcreateSP



Pa fair 1.225491ms

2

3
y Ish

he

hz hi
gao

1000km

Stig43,60041ms

sP ggsh P Patin gaogsh Sh 0.18 l cos35

P 101325 1000 9.81 0.18 1.2cos350

P 109,202.76Pa

Pa fair 1.225491ms

Z n P 109202Pa

3 Ish
I

fit0 100041

fag43,600Yw

Pz P gangster Pz 109202 1.2259.81 C32.18

Pz 109,200.58Pa

Notice Pink air ismch lessdense thanH2O orHg and our smell
Sh will have a negligible effect



Pa fair 1.225491ms

Z P 109,202Pa

3
h Pz109,20

I

fit0 1000hey

fag43,600Yw

Pz Pz fHggsh Pz 109,201 13600.981 C150.32

Pz 131,881 30 Pa

Because noheoght who uns grin for PA assure equilibrium

Twelve Pa Pz 131,881.30 Pa

NoteDueto readingerrors your answers may not be exactlythe same Aslongas you're close youshould be good


