CHAPTER 6
THE APPLICATION OF DRAG FORCE AND LIFT FORCE

Example 01

A rectangular wing on a small airplane has a 1.3 m chord and a 10 m span. When flying in air at
220 km/h, the wing experiences a total aerodynamic force of 18 kN. If the lift to drag ratio is 3,
determine the lift coefficient of the wing.

The total aerodynamic drag

consists of both lift force and Fiotal = /FLZ + F5 = (18 kN)?
drag force.
Lift to drag ratio is 3. F;, = 3F,

9F2 + F5 = 324

Thus, Fp = 5.69 kN
F, =17.10 kN
F
Lift coefficient : C, = 1 = 0.587



Example 02

In a lift-and-drag experiment performed in a wind tunnel, an NACA0012 airfoil was used. The airfoil
has a 15cm chord and a span length of 45cm. Using a force measuring device, a lift force of 60 N was
measured on the airfoil for a Reynolds number of 4.586 x 10°. The lift coefficient for this airfoil is
given by C; = 2msina , where a is the angle of attack. Under the given conditions, what is the
angle of attack in degrees?
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Reynolds number :

Lift coefficient :

Thus,

4.586 X 10°

CL:

B pVL
~ (1.81 x 1075)

F

%pAVZ

a = 6.52°

=

V =45m/s

= (0.714 = 2 sin«a



Example 03

An aircraft with a mass, including payload of 1000 kg is designed to cruise at a speed of 80 m/s at
height of 10 km. The effective wing area is approximately 15 m2. Determine the lift coefficient and
the angle of attack. What power is required by the airfoil during cruise? Assume a conventional

airfoil.

Lift coefficient :

Angle of attack :

Drag coefficient for
conventional airfoil is
0.0065.

F, 1000 x 9.81
CL =7 =7 = 0.496

0.496 = 2w sina
a = 4.53°

1
Power = FpV = (CD EpAVZ) (80) = 10300 Watt



Example 04

A 1500 kg aircraft is designed to carry a payload of 3000 N when cruising at 80 m/s at a height 10
km. The effective wing area is 20 m2. Assuming a conventional airfoil, calculate:

(a) The take off speed if an angle of attack of 10° is desired

(b) The stall speed when landing

(c) The power required at cruise if 45% of the power is needed to move the airfoil

F, (1500 x9.81) + 3000

€, =122=3 -
(a) Take off speed: ijVz 5 (1.23)AV*?
V=345m/s
C =172 — F, (1500 x9.81) + 3000
L — -+ - 1 - 1
(b) Stall speed : 5 PAV? 5 (0.412)AV?
V =50.0m/s
1
Power = F,)V = | Cp=pAV?) (80) = 13700 Watt
(c) Power 5
Cp, = 0.0065
p = 0.412 kg/m?3 13700

Power required = = 30400 Watt

0.45



TABLE 8.4 Drag and Lift Coefficients and Critical Cavitation
Number for a Typical Hydrofoil

Critical
Lift Drag cavitation
Angle coefficient coefficient number
(°) Cr Cp Ocrit

-2 0.2 0.014 0.5
0 0.4 0.014 0.6
2 0.6 0.015 0.7
4 0.8 0.018 0.8
6 0.95 0.022 1.2
8 1.10 0.03 1.8
10 1.22 0.04 2.5
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Fig. 8.13 Lift and drag coefficients for airfoils with Re = Ve/v = 9 x 10°.



A proposed aircraft is to resemble a huge airfoil, a flying wing as shown below. Its wingspan will be
200 m and its chord will average 30 m. Estimate, assuming a conventional airfoil, the total mass of
the aircraft, including payload, for a design speed of 800 km/h at an elevation of 8 km. Also, calculate
the power requirement.




For a conventional airfoil, From Figure 8.13, we can assume that

Cy
“L—476 at €, =03
Cp

F; m X 9.81

%pAVZ ~(0.5)(0.526)(200 x 30)(2222)

C, = = m=238%x10° kg

- AV*?
2P

1
Power = Fp X V = (CDEpAVZ) V =490,000 W =657 hp

The power require for the aircraft is 657 hp.



