Midterm 1 Review Aero 2200
Basic Aerodynamic flow quantities Wfﬁ( A

Pressure: Is the normal force per unit area exerted on a surface due to the time rate of change of
momentum of the gas molecules impacting on that surface.

P=F/A

Units:

N/m”2 , Ib/ft"2 , and atm,

Density: The mass of a substance per unit volume.
p=m/V

Units:

kg/mA 3, slug/ftA3 , g/lcm”3 , and lb m /fit* 3

Specific volume: The volume per unit mass
1

"
Temperature: Is a measure of the average kinetic energy of the particles in the gas
Units:
kelvin (K), degree Celsius (°C), degree Rankine (°R), and degree Fahrenheit (°F)
Velocity: Is the distance traveled by some object per unit time
V=d/t
Forces exerted on the surface of an airplane
1. Pressure distribution on the surface. (normal to the body)
%jﬁ'\ﬁ

2. Shear stress (friction) on the surface. is due to the frictional effect of the fl ow “rubbing” against
the surface as it moves around the body.

i Tw

Equation of state for perfect gas

A perfect gas is one in which intermolecular forces are negligible. A gas in nature in which the particles
are widely separated. Air at standard conditions can be readily approximated by a perfect gas.
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p=pRT  pR-287— ) 17161

ke)K)  (slug)R)
S R = 8314 J/(kg - mole K) = 4.97 x 10* (ft Ib)/(slug - mole °R)

> R =R/M. where M is the molecular weight (or more properly, the molecular mass) of the gas

Anatomy of the airplane

The fuselage is the center body, where most of the usable volume of the airplane is found. The fuselage
carries people, baggage, other payload, instruments, fuel, and anything else that the airplane designer
puts there.

The wings are the main lift-producing components of the airplanes; the left and right wings

are identified as you would see them from inside the airplane, facing forward. The internal volume of
the wings can be used for such items as fuel tanks and storage of the main landing gear (the wheels and
supporting struts) after the gear is retracted.

The horizontal and vertical stabilizers are located and sized so as to provide the necessary stability for
the airplane in flight

Flaps and control surfaces are hinged surfaces, usually at the trailing edge (the back edge) of the wings
and tail, that can be rotated up or down. The function of a flap is to increase the lift force on the
airplane

The ailerons are control surfaces that control the rolling motion of the airplane around the fuselage
The elevators are control surfaces that control the nose up-and-down pitching motion

The rudder is a control surface that can turn the nose of the airplane to the right or left (called yawing)
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(horizontal tail) Elevator

Right
wing

Engine wing
Fuselage nacelle Figure 2.14 Control surfaces and flaps.

Figure 2.13 Basic components of an airplane.
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MALDOMETER PROBLEM

Mcreury Water

Figure 7: Inclined manometer.

Question 8

Consider the inclined manometer in Fig. 7 filled with Mercury (pg4 = 13, 600kg/m?) and water (pr,0 =
1000kg/m®). The system is open to 1 atm (101,325 Pa) air (p,:, = 1.225kg/m?) on the right side. If
L = 120c¢m, what is the air pressure in container A?

Solution:

PA — Prg9(0.32 = 0.15) + p,i,9(0.32 — 0.18) — pp1,09(1.20sin55° — 0.18) = pasm (34)

= pa = 131.8 kPa
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70“6 = 13,00 %/ma

Puzo = 1,000 k /o L
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QU" -35° =957

1.23Nn(55) = 0.a83m

794;,: 1.225 kg./m3
L= 7

Poven = | arvn = 10], 325 Pa



EQUATION

DHP = fgo Sh i
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AS PRESSURE OF AIR I
TUBE: £, = P,

START :
P, - Powm = —P‘abh = oh= (hy-h)
¥h= L
P, - Poxrn = ~ o (h'—h\)
P =~ (ni=h) + Pom
P = - (looo—%)(q'glm Y(0.18Bm=- 0.983m) + 101325 pa
m 3%
P, = 109202 .43 Pa
p,— P, = '-.,Omr%Ah —— oSh = (hZ‘h')
P,-pP = - (225 g )( a8 m)(0.32- 018)
m? 3%
P, = - (1.225 g )( 2.8 m)(0.32m- coiem)  + 109202 . H3 P
m? 3*
P, = 09,200 . 7470
Pa - P, = —744680?\ = Dh = U’\s'hl)
Py = - (13,60 ;ﬁ@%.e.m( 0.15- 0.32) * 107,200. 741 Pa
52

Pz = 131,881.4H6T0 fa. = Powrm



