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Chapter 2 

 

Solution:1) An aircraft is flying at M = 0.8 and at h = 12,000m.   

i) What are the air density and the speed of sound at sea level?  

Density, ρ0 = 1.22505 kg/m3, Speed of sound, a0 = 340.3 m/s. 

ii) What are the air density and the speed of sound at that altitude? 

At an altitude of 11 km, 

 p20/p0 = 0.2234, ρ20/ρ0 = 0.2971,  

and at 12 km 

 p2/p20 =  ρ2/ρ20 = exp[-0.15769].=0.8541 

Hence, p2/p0 = 0.1908, ρ2/ρ0 = 0.2538, 

Hence ρ2 = 0.3109 kg/m3. 

Over this entire altitude range, ratio of the speed of sound, a20/a0 = 0.8671. 

Hence at 12 km, a2 =   295.0741 m/s. 

 

iii) What is the air density at an altitude, h = 2,000m? 

temperature ratio=1-13/288.15=0.9549; density ratio=0.9549^4.256=0.8217 

Air density=1.0066 kg/m
3
. 

 

Solution: 2) An American aircraft is flying at M = 0.8 at h = 30,000 ft.   

i) What are the air density and the speed of sound at sea level? 

Air density= 23.77*10
-4

 slugs/ft
3
. Speed of sound= 761 mph=1116.1ft/s 

ii) What are the air density and the speed of sound at that altitude? 

Air density= 8.91*10
-4

 slugs/ft
3
. Speed of sound= 678.1 mph=994.5467 ft/s 

 

3) Solution: 
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Using the integrals from the previous solution, 
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4) Solution 

Given: Airspeed, V = 30 m/s,  

Atmosphere: ρ = 1.0 kg/m
3
, sound speed: a = 332.5 m/s, viscosity: µ = 1.73x10 

-5
 

kg/m-s,  
22 4505.0 mNVq == ρ . 

Wing Geometry: span b = 7.2 m, root chord c0 = 1.2 m, 

2
0 7858.65708.1*2.1*6.3

2
mscS ===

π
, 6395.7

248

0

===
ππc

s
AR  

radradC
ARL /4171.6//180112.0deg/112.0 =×==

∞=
πα  

a) Wing lift curve slope: 
deg

1
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π
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deg0884.0=αLC . 

b) m
c

c 0186.1
2.3

3

8 0 ===
ππ

, ( ) 2829.02.30

0

==−=
=

α
α

αα
α

L
L

L C
d

dC
C , 

( ) 0133.06395.7*2829.02829.001.02
0 =×+=+= ππARCCC LDD . 

2829.0=LC ,  0133.0=DC  

c) NSqCL L 8663.8637858.6*2829.0*450 === , 

NSqCD D 6130.407858.60133.0450 =××== , 

NmcSqCM macac 4163.1240186.1*7858.6*04.0*450 =−== ,  

NL 8663.863= , ND 6130.40= , NmM ac 4163.124= . 

d) 09.05.33230 === aVM , 

655 108.173.110*6.3073.110*02.1*30Re ×==== µρ cV . 

09.0=M , 6108.1Re ×= . 

 

5) Solution:  

(a) Taper ratio = 5455.02.22.1 ==λ . 

( ) 2
0 9822.125455.12.241 mcsS =××=+××= λ , m

b
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mc 6228.1= , 29822.12 mS = , 7057.4=AR , 5455.0=λ , mc 7491.1= . 

 

(b) Estimate the wing lift curve slope at a Reynolds number = 6103× . 
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deg/0678.0=a  

(c)  

(d) Using tabulated data, find the maximum lift-to-drag ratio and the corresponding 

angle of attack for maximum DL CC .  

( ) 99max =DL , o
m 4=α . 

 

6) Solution: Weight: W = 10,000 N, Centre of Gravity location:  hcg = 0.5, 

Wing Area:  S = 20 m
2
, Wing Lift Curve Slope:  CLα = 0.06/deg, 

Aerodynamic Centre:  hac = 0.25, Wing moment coefficient: 05.0−=
acMC , 

Downwash at zero α: ε0 = 0, 22mST =  

Horizontal Tail Volume Ratio: 6.0=HV , Tail lift curve slope:  Clαt = 0.04/deg, 

Tail downwash gradient: dε/dα = 0.3, the dynamic pressure at the wing = 2480 mN , 

Ratio of dynamic pressure ratio at tail to that at wing: ηpr = 1. 

(a) Find the aircraft aerodynamic centre in terms of the aerodynamic mean chord. 

6667.0
06.0

04.01 ==
a

a
, 7.0

 

 
1 =








−

α∂

ε∂
, 

53.07.06667.06.025.0
 

 
11 =××+=








−+=

α∂

ε∂

a

a
Vhh Tacn , 53.0=nh . 

(b) Find CMα (= dCM/dα) and CM0. 

( )( ) ( )

deg/0186.07.06.004.003.006.0

 

 
1
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α∂
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cg . 

05.0
0

−==
acMM CC . 

deg/0186.0−=αddC
cgM , 05.0

0
−=MC . 

(c) Find the absolute angle of attack (from zero lift ) and lift coefficient for trim 

conditions. 

13.07.0*1.006.0
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∂
a

S

S
a

C TL ,  

The coefficient of lift at trim=500/480=1.0417. 

o0131.813.0/0417.1 ==α . 

0417.1=LC , o0131.8=α  

(d) Find the trim airspeed at sea level (ρ = 1.225 kg/m
3
). 

smVtrim /28099.27
225.1

4802
≈=

×
= , smVtrim /28≈ . 

 

7 Solution: 

area=0.25 m
2
, flap area=0.06 m

2
, flap mean aerodynamic chord is 5 cm, the tail plane 

lift and flap hinge moment coefficients are rada /5.31 = , rada /75.12 = , 

rada /35.03 = , radb /075.01 = , radb /015.02 −= , radb /03.03 −= . The wind 

tunnel wind speed is 60 m/s. The wing incidence angle is 3° and the tab is set at 5°. 



10 

 

i) if the flap angle is -4°, what is the tail plane zero lift angle? What are the 

corresponding lift and hinge moment coefficients? What are the lift force and flap 

hinge moment?  

( ) βηαα 3201 aaaCL ++−= , o00 =α  

( ) ( )
180

535.0475.135.33201

π
βηαα ××+×−×=++−= aaaCL  

09163.00174532935.025.5
180

25.5
=×=

×
=

π
 

( ) ( )
180

503.04015.03075.03201

π
βηαα ××−×+×=++−= bbbCH  

002356.000075.0
180

135.0
==

×
= π

π
. 

NCSCVL LL 511.5009163.025.0220525.03600225.15.05.0 2 =××=××××== ρ  

HHff CCcSVH ×××××== 05.006.03600225.15.05.0 2ρ  

Nm01558.0002356.0003.02205 =××= . 
o00 =α , 09163.0=LC , 002356.0=HC , NL 511.50= , NmH 01558.0= . 

 

ii) At flap angle can the flap be expected to move freely? 

( ) 03201 =++−= βηαα bbbCH   

⇒
( ) o

b

bb
5

015.0

503.03075.0

2

301 =
×−×

=
+−

−=
βαα

η , o5=η . 

iii) What is the lift at this flap angle? 

( ) ( ) 3665.0
180

21

180
535.0575.135.33201 =

×
=××+×+×=++−=

ππ
βηαα aaaCL  

NCSCVL LL 03.20225.03600225.15.05.0 2 =××××== ρ , NL 03.202= . 

 

8) Solution: The aircraft properties are: wing area=40 m
2
, aerodynamic mean chord = 

2.5 m, tail plane area=5 m
2
, tail moment arm = 10m, the wing lift, tail plane lift and 

elevator hinge moment coefficients are rada /5.4= , rada /8.21 = , rada /2.12 = , 

rada /3.03 = , radb /01.01 = , radb /012.02 −= , radb /03.03 −= . The flight 

conditions are, 1.0=LdCdε , 1.00 −=MC , o3−=Tη , 1.0=ach , 2.0=cgh  and 

mgLT 01.0= . 

i) Determine the wing and tail plane lift coefficients. 

( ) 0
0

=−−+=
Tcg LTaccgLMM CVhhCCC  

Hence, ( ) LLTaccg

M

L
CCVhh

C
C

T
−−

−= 0 , 5.0=×=
c

l

S

S
V tT

T . 

08.001.0 =×= TrefLL SSCC
T

. 1.0=− accg hh . 

( ) .6667.1
06.0

1.00 ==
−−

−=
LLTaccg

M

L
CCVhh

C
C

T

 

13336.06667.108.0 =×=
TLC , 6667.1=LC , 13336.0=

TLC . 
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ii) Determine the downwash angle and the tail plane angle of attack Tα . 
o

LC 5495.916667.01.0 ==×=ε , 

o
T

T 67.85495.93
180

5.4

66667.1
=−−×=−+=

π
εηαα , o5495.9=ε , oT 67.8=α . 

 

iii) Determine elevator setting η , and if the tab angle β , is set to zero. 

βηα 321 aaaC
T

LT
++= , 0=β , ⇒  

2

1

a

aC
T

LT
α

η
−

=  

o
rad 86.13242.0

2.1

180/67.88.213336.0
−=−=

××−
=

π
η , o86.13−=η . 

iv) Calculate η  and β  when 0=HC . 

When, 0321 =++= βηα bbbC
T

H , 
2

31

b

bb
T βα

η
+

−= . 

Hence, 

βαβα 31
2

3
23

2

1
21 aa

b

b
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b

b
aaC
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LT

+=



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


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






−= . 

3

1

a

aC
T

LT
α

β
−

= , 100
2

2 −=
b

a
, 8.31

2

2
11 ==− a

b

a
ba , 7.23

2

2
33 −==− a

b

a
ba . 

o

T
L

a

aC
T 37.91636.0

7.2

180/67.88.313336.0

3

1
==

−

××−
=

−
=

πα
β . 

oT
T

b

b

b

b

b

bb
2.1637.9

2.1

3
67.8

2.1

1

2

3

2

1

2

31 −=−=−−=
+

−= βα
βα

η . 

o37.9=β , o2.16−=η . 

 

9) Repeat 8) if in addition the wing flaps are down providing 25% of the lift and if 

2.00 −=MC . 

i) ( ) 3334.3
06.0

2.00 ==
−−

−=
LLTaccg

M

L
CCVhh

C
C

T

. 26667.03334.308.0 =×=
TLC . 

3334.3=LC . 26667.0=
TLC . 

 

ii) o
LC 0990.1933334.01.0 ==×=ε . 

Since the flaps are providing 25% of the lift, 

o
T

T 73.90990.193
180

5.4

33334.3
75.0 =−−×=−+=

π
εηαα , oT 73.9=α . 

iii) Determine elevator setting η , and if the tab angle β , is set to zero. 

o

T
L

rad
a

aC
T 96.11209.0

2.1

180/73.98.226667.0

2

1
−=−=

××−
=

−
=

πα
η , 

o96.11−=η . 
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iv) o

T
L

a

aC
T 02.8140.0

7.2

180/73.98.326667.0

3

1
==

−

××−
=

−
=

πα
β . 

oT
T

b

b

b

b

b

bb
94.1102.8

2.1

3
73.9

2.1

1

2

3

2

1

2

31 −=−=−−=
+

−= βα
βα

η . 

o02.8=β , o94.11−=η  

 


