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Question 1 content to review:
e Steady Level Flight: When an aircraft is not accelerating and there is no net forces acting
upon it
L=W,T=D
e Liftequation: L = %pVZS C L

Ambient density (p)
Flight velocity (V)
Wing area (S)

Lift coefficient (C L)

o O O O

e Dragequation: D = %pVZSC >

o

Ambient density (p)
o Flight velocity (V)

o  Wing area (S)

o Drag coefficient (C D)

bZ

e Aspectratio: AR ==

o Wing span (b)
o Wing area (S)

e Wing loading: WL = %
o Weight: W = mg
o Wing area (S)

e Linear Interpolation: =
X, =X y,~y



English SI
Time S S
Pressure b N
2 pSf 2
ft m
Temperature R K
Density slug kg
3 3
ft m
Velocity St m
s s
Force b = b N
f
Mass S lug kg
Energy ft * b Nm = J
Power ft*lb Nm _ ] _
s s s
Area 2 2
ft m
Gas Constant ft*lb Ji
slug*R kg*K
Metric (SI) English (Ib)
Weight Newton (N) Pounds (Ib)
Mass Kilogram (kg) Slug

e English units can also express mass as pound mass (Ibm)

® On earth's surface a mass of 1 1bm will weigh 1 1bf

o 1slug=32.21bm




Standard Atmosphere

Altitude Definitions

Absolute Altitude (ha): Distance from center of Earth to object
Geometric Altitude (hg): Distance from sea-level to object

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

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:

g = Go-

re)? . s .
(Te) =, Where g, is the gravitational acceleration at sea level

(re + hg)

Temperature Distribution in the Standard Atmospher
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Figure 3.4 Temperature distribution in the standard atmosphere



e 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

e Temperature - T = Constant

g
P _R_;(h_hl))
® Pressure > — = ¢

P
1

e Density — £ =
1

(—=(h=h.))
e

Gradient Regions
e Temperature > T = T1 + a(h — hl)

gO
P _ T (_ aT )
o Pressure —>—P1 = (_Tl

gO

p r A+
e Density - — = (T_)
Py 1



The planform area of the Vought F4U Corsair (Fig. 2) isﬁ@nd a takeoff weight of 6,59 ‘®

What is the wing loading in SI and English units? g
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Consider an airplane flying at some real, geometric altitude. The outside (ambient) pressure and temperature are 5.3 x 10*
N/m? and 253 K, respectively. Calculate the pressure and density altitudes at which this airplane is flying
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A Boeing 747-8 is flying 600 mph at steady level flight at an altitude where the ambient temperature

and pressure are 391° R and 4.80 x 10? psf, respectively. The lift generated is 900,000 1b, and the wing
area is 554 m?.

(a) What is the coeflicient of lift?

(b) If the lift to drag ratio is 18, how much thrust is produced by each engine?

Govel)~ T=39/f  (=29000 (b
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AROENG 1200 General Advice

~Remember the assumplins for each equation and use hem wly o Hese criteria are el
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03 <H <[ Compecsbl

M’Hupersonic

= Clearly mark your giensof Hhe stk of each prblem
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11 Contiuy Equation
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Question 2 Problems:

|

- (0 E2 m2 B 2
m = 15.4 kg/s \Az _ ()'()im ‘____E‘—l;l'i !
p = 132kg/m? Z

=i V2 =7 V=2 3
T = 20°C

|

° Figure 1: Wind tunnel sketch

e 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.

W =g AV

V= _m_ st 227w
gA. 132D B

ﬁ'—/@T = (L32) (23 ) (20+213) = | D00.12 Pu

A|\}\ :Az\ll

M|=M7 "Mg = pAV
(12 (27 = L) V2
V. =18.314 w/s

AV, =AV=
(3=3.3y
Oy« sput=Carlpy,?
1000, 12 + $(1Lz2) (@M = {2t 2 (-32)(8.21)°
2z 10971476,



e 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

ISO mph > 220 %

1 afm > 2|16.22 g3t
70°F > S29b7 2

/ =¥ = 20622 = ©.002733 S
€T (718 (529.67) ‘é%

Crovas = €+ ‘()= ¢+ ‘-zp\/l * 21622+ 5 (0.00237) (220 = 2\12.6 o



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

Oz JT = JOO0IL) (wir77) = 43475 S/s
Tz ML.7mE

Vo= Mae = 0.4S (ch.vs) = qus.o) S+



Question 3 content to review:
e Dynamic pressure equation: ¢ = %pV2
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
e Energy equation: CPT .t %Vi = constant = CpTZ + %Vz
o Assumes: steady - isentropic flow, along a streamline, no body forces, constant
specific heat C .
T, w1
= ()
1
o Assumes: adiabatic, reversible, steady, ideal gas
e [sentropic Mach relations:

Y

P

. . P P
e Isentropic flow relations: == = (p—z)
1 1

1

T
o _ Y1 g2
°© —=1+-—-5M
p ZL
— y=1 vt
o TO_(1+TM)
P
p

— -1
o —L=(1+Lim?)’
m Sub 0 denotes stagnation values
m Pitot tubes measure stagnation pressure
e Helpful compressible flow equations:
o Continuity: prlA1 = mass flow = pzvaz

o Isentropic flow relations

o Isentropic Mach relations

o Energy equation

o Relations using ideal gas at different points in the flow (P = pRT)
o Mach number: M = %

m a=speed of sound =+/yYRT
e Gamma is 1.4 for air, and R is 287 (SI) or 1716 (English)
o R= Cp - Cv



Problems:

1): Imagine a flow over an airfoil with freestream values of: V_= 500 mph, P_=2116 psf, T _=

519 R. (a) Determine if the flow is compressible or incompressible. There is a point A on the
airfoil where P e 1500 psf, (b) determine the local mach number at point A.

_ Vo
Ny = Lo N q'o":‘( TRS

Vv =7m.33 F¢
Qg = m = \W667F%

733.33
- XL TN

Mp = 065607

\.
Eo\_ 1 u=t . H/l-u-\
P U [c""s‘?') )

Yo < agavouy poy

?\? A b.GLb X' \\\.\y""‘l
\boo




2): A venturi tube is attached to a plane that is in steady, level flight. The plane is flying at an
altitude of 5000 ft and at a speed of 122 knots. If the venturi tube has an inlet area of 0.2 ft*2, a
throat area of 0.1 ft*2, and a throat temperature of 5 degrees Fahrenheit, what is the Mach
number at the throat? Can the air at the throat be considered incompressible? What is the total
temperature at the throat?

G?m&:

h = szeo A

To=500. 8201 = Yi.[3°F
Go = 13601 x> 1oy 2
/,o = 7 .048U x(6~> 5/%,‘3

N £ 076.1 _
-2 ST Foos — 9p5 9/

) nwa ‘ L./

hn=02(7

Aw=O-1E{C

W= ISF «1s9-65 =429.62 K
r=1Y

R = 316 FH2,
cﬂ:,\r hy éo% Et,‘_b
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3): You are helping BSLI launch a rocket! They’ve asked you to do some calculations with a
theoretical rocket nozzle. Assume isentropic, compressible flow. The mass flow rate of air is

found to be g/s. The reservoir experiences a temperature of 225°C & a pressure of 4 atm.
The exit temperature is 150°C . Assume y = 1.4 esdope=t(2dkagoodvaldey— 1.5
(a) Find the exit velocity =1 R =287 3
(b) Find the exit arca Cp=100% Fyi ka K

Given: m )T’%TE\ pfl) E:K> CP

Q. CPTR + JM’ CPT;_+‘!5.\Ie9'

VE :mp (TI'L 'TE)

Te = HaR.|S K
Te= U k
Ve ={2000%) (4ag.15 - 423 )5) {38%.‘&% m/ls (
b. Ae
mo_)
Pve E
/Dp. - RTe
Pg = ’5' 4¢7.5 PQ
(I51a87.5)

= lLopn( <%
m
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