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5.5 Estimation of CLu 

From Eq.(4.2) of Ref.2, 
2 2

Lu L2 2

M 0.8
C =  C =  × 0.616 = 1.17

1- M 1- 0.8
 

Remark:   

According to Ref. 9, p.4-68, this formula for CLu is valid only for low values of CL. The 

value of CLu lies between -0.2 to 0.6. From figure on p.222 of Ref.3 one finds CLM = 0.23 

Hence, CLu = M × CLM = 0.8 × 0.23 = 0.184. 

An alternate procedure for CLM is as follows (Ref.12, chapter 4, see also Ref..13,           

section 7.11.2). 

CL = CLα (α- αoLW) ; or CLM = CLαM (α - α0LW) 

or  CLu  =  M  CLαM (α- α0LW) ;   α0LW = Zero lift angle of wing 
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In a manner similar to the calculation of CLα at M = 0.8, the values of CLα at M = 0.82 and 

M = 0.78 are obtained as 4.9645 and 4.8391 respectively. 

Then, CLαM= (4.9645  -  4.8391 )  / (0.82  -  0.78)  = 3.135 

(α- α0LW)  =  CL/ aw = 0.616  / 4.9 

Hence, CLu  =  0.8  × 3.135 × 0.616  / 4.9 = 0.315 

Based on the area of 511m
2
 this becomes: 

Lu

550.5
C =  0.315 × =  0.346

511
 

Remarks: 

i)  Reference 11 volume VI, p.376 gives: 

2 2 2 2

Lu 1 c/4 L1 1 c/4C ={M ×(cos ) ×C }/{1-M (cos ) }   

Where, M1 & CL1 are the Mach number and lift coefficient in chosen flight condition. In 

the present case: 

2 2 2 2

LuC ={0.8 ×(cos38.5) ×0.616}/{1-0.8 (cos38.5) }=0.3971 

ii) For stability analysis of longitudinal motion, in section 8.4, CLu = 0.315 is used. 

5.6 Estimation of Cmu 

From Eq.(4.3) of Ref.2 

acw
mu L

X
C =  - C

M




 

To calculate this quantity, acWX  must be obtained at Mach numbers close to the flight 

Mach number. Adopting the procedure outlined in section 5.3, the following values are 

obtained.  

 

M 0.78 0.82 

acWX  0.3243 0.3356 

 

Hence,   acwX  / M     = (0.3356 - 0.3243) / 0.04 = 0.2825 

Hence, Cmu  =  - 0.616  ×  0.2825  =  - 0.174 

Based on the area of 511 m
2
 and reference chord of 8.33 m 

Cmu = - 0.1740 × 550.5 × 10.2 / (511 × 8.33) = - 0.2304 

Alternatively (Ref.13, section 7.11.3),Cmu = M CmM 
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From figure on p.222 of R.3 CmM = 0.16, consequently 

Cmu = 0.8 × 0.16 = 0.128. 

It is seen that the calculated value of Cmu (i.e. -0.2304) and that given in Ref.3 (i.e. 0.128) 

are not only different but have different signs. It may be pointed out that from Ref.3 it is 

noticed that CmM, depends on Mach number and also on CL . Refer also to remark in 

section 8.4. 

5.7 Estimation of CDq     

  It is generally small and hence neglected. 

5.8 Estimation of CLq    

  From Eq. (5.1) of Ref.2 

CLq    =    CLqw +  CLqH 

c/4
Lqw M Lqw M=0

c/4

A + 2cosΛ
(C ) =  ( ) (C )

AB + 2cosΛ
 

W
Lqw M=0 Lαw M = 0

2X1
(C ) = ( + ) (C )

2 c
 

where, XW is the distance between c.g and a.c. In the present case it is zero. Noting that 

Lαw M=0(C )  is 4.005, gives: 

(CLqw ) M=0 =  (
1

2
 + 0) 4.005 = 2.003 

A = aspect ratio 

B = √{1-M
2
  cos

2
 Λc/4}= √{1-0.8

2
 cos

2
 38.5}  = 0.78 

Consequently,  Lqw M

6.46 + 2 cos38.5
(C ) = × 2.003 = 2.447

6.46 × 0.78 + 2 cos38.5
 

H H
LqH M LαH H H H

X S
(C ) = 2C η V ;    V = 

c S
 

XH   = distance from c.g to a.c of tail = 61.75 – 31.41 = 30.34 ; XH / c  = 2.975 

H

30.34 135.08
V =  × =  0.731

10.2 550.5
  

LqH M(C ) = 2 ×4.135 ×0.95×0.731= 5.741  

LqC = 2.447 + 5.741 = 8.188  
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5.9 Estimation of Cmq  

  From Eq.(5.6) of Ref.2 

mq mqW mqH

3 2

c/4

c/4
mqW M mqW M=0 3 2

c/4

c/4

C = C + C

A tan Λ 3
+

AB+6cosΛ B
(C ) = (C )

A tan Λ
+3

A+6cosΛ

 
 
 
 
 
 

 

2

W W

3 2

c/4
mqW M=0 lαW c/4

c/4 c/4

X X1
A 2 + 

c 2 c A tan Λ1 1
(C ) = - KC  cosΛ +  + 

A + 2 cosΛ 24 A + 6 cosΛ 8

     
           
 
 
  
 

 

From Fig 5.1 of Ref.2, K = 0.705 for A = 6.46, ClαW = 2π = 6.28 and as evaluated in 

section 5.8, and B = 0.78. 

(CmqW ) M=0

3 26.46 tan 38.5
0.705 6.28 cos 38.5{0 1/ 24 1/8}

6.46 6cos38.5
    


= -2.641 

3 2

mqW M 3 2

6.46  tan  38.5 3
 + 

6.46 × 0.78 + 6 × cos 38.5 0.78(C ) = - 2.641 = - 3.086
6.46  tan  38.5

 + 3
6.46 + 6 × cos 38.5

 
 
 
 
  

 

LαH H H H
mqH

2C  η  V  X
C = - = - 2 × 4.135 × 0.95 × 0.731 × 2.975 = - 17.09

c
 

Hence, Cmq = -17.09 – 3.086 = - 20.17 

Based on an area of 511m
2
 and c  = 8.33 m Cmq is : 

mq

550.5 10.2
C = -20.17 ×  × = -26.7

511 8.33
 

From p.221 of Ref.3 Cmq = -23.9.  The estimated value is higher perhaps because the 

value of CLα given by theory is higher. 

5.10 Estimation of DαC      

 This is taken as zero. 

5.11 Estimation of LαC      

 From Eq.(6.1) of Ref.2. 
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Lα LαW LαHC = C + C  

Expressions are given in Ref.2 for 
LαWC  and

LαHC . However, from reference 11 vol.VI p. 

387. 

Lα mα HC C ( c / X )   

Hence, LαC  is estimated after evaluating mαC . 

5.12   Estimation of 
mαC    

From Eq.( 6.4 ) of Ref.2 

mα mαW mαHC =C + C  

mαWC =0  

mαHC  = - 2 CLαH ηH HV  (XH / c ) ( d/dα) 

          = - 2 × 4.135 × 0.95  × 0.731  ×  2.975  × 0.432  =  - 6.87 

Hence, mαC  =  - 6.87 

The value of mαC  based on the area of 511m
2
 and c  of 8.33m is : 

mα

550.5 10.2
C 6.87 9.06

511 8.33
       

Remarks: 

i) Value of mαC   given in Ref.3 is - 6.55. 

ii) Value of  LαC   is : -(- 6.87 / 2.975 ) = 2.31 

 

6. Estimation of lateral stability derivatives 

These derivatives can be classified as angle of sideslip derivatives CYβ , 1βC , Cn β ; roll 

rate derivatives CYp , lpC , Cnp and  yaw rate derivatives CYr ,C′lr , Cnr 

 

6.1 Estimation of CYβ  

 From Eq. (7.1 ) of Ref.2 

CYβ   =  CYβW  +  CYβB + CYβV 

CYβW = - 0.0001   x 57.3 

   = 7
 0

 , hence CYβW = -0.0001 × 7 × 57.3 =  -0.0401 rad
-1
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CүβB  =  - 2Ki  (S0 / S) 

Ki is given in Fig 7.1 of Ref.2.  It depends on the position of wing on fuselage and on     

(2 zw /d) 

Zw = distance from body centre to c /4 of exposed wing root chord = 3.5 m (estimated 

from Fig.1). 

d = maximum diameter at wing body junction = 7.2 m 

Hence, 2zw / d = 3.5 × 2 / 7.2 = 0.972 

Ki = 1.48 from Fig 7.1 of Ref.2. 

S0 = cross sectional area of the fuselage at the point where dS/dx is maximum. This is 

estimated to occur at 36.5 m from nose. At this location S0 is 32.2 m
 2

. 

YβB

32.2
C = - 2 × 1.48 = - 0.1731

550.5
 

YβVC :  

V
YβV LαV V

Sdσ
C = -k C (1+ ) η

dβ S
 

The factor k, given in Fig.7.3 of R.2, depends on (bV/2r1). See section 2.5 for definition 

of ‘r1’.Here bV / 2 r1 = 11.6 / 5.0 =2.32. Hence, k = 0.82 

CLv: It depends on the effective aspect ratio of the vertical tail (AVeff ). 

VB VHB
Veff V H

V VB

A A
A =  A {1+K ( -1)}

A A
 

From section 2.5, AV = 1.38,  λV = 0.296. 

From Fig.7.5 of Ref.2 

VB

V

A
=  1.58

A
 

VHB

VB

A

A
 depends on zH / bv  . zH is defined in Fig 7.6 of Ref.2. 

It is taken as zero because a.c. of the horizontal tail lies below the root chord of the 

vertical tail. X is the distance of the a.c. of the horizontal tail from the leading edge of the 

vertical tail root chord = 61.75 – 52.0 = 9.75 m. 

Hence, X / cv = 9.75/13 = 0.75; Cv is taken equal to (cr)v 

From Fig.7.6 of Ref.2 
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VHB

VB

A
= 1.29

A
 

SH / SV =135.08/ 97.73 = 1.372. From Fig.7.7 of Ref.2, KH = 1.03 

Then, AVeff   = 1.58 × 1.38 [1 + 1.03 (1.29 -1 )] = 2.83 

The term CLαv is calculated from AVeff in the same manner like that for a wing of this 

aspect ratio. Using Eq.(3.8) of Ref.2 , CLαv   = 3.40. 

From Eq.(7.5) of Ref.2 

{1 +  (dσ /dβ) }ηV 
97.73 / 550.5 3.5

= 0.724 + 3.06  + 0.4( )  + 0.009× 6.46  = 1.284
1 + cos39.8 7.2

 

Hence,  CYβV = - 0.82 × 3.40 × 1.284 × (97.73 / 550.5 ) = - 0.636 

And 

CYβ = - 0.636 – 0.1731 – 0.0401 = - 0.8492 

Based on an area of 511m
 2

 , CYβ = .8492 × (550.5 / 511)  = - 0.9148 

From Ref.3 the value of CYβ is - 0.884. 

6.2 Estimation of 1βC   

 From Eq.(7.8) of Ref.2 

1βC  = 1βWBC  + 1βHC + 1βVC  

Now, 

C/2

1β 1β 1β 1β

1βWB LWB MΛ f A MΓ

L L

C C C ΔC
C = 57.3 [{C ( ) K K  + ( ) } + Γ{ K + }

C C Γ Γ


   
  

                    
1β

1β ZW c/4

c/4

ΔC'
+ (ΔC )  + θ tan Λ  ( )]

θ tan Λ
  

CLWB ≈ CL = 0.616 

For A = 6.46, λ =  0.29 and C/2 = 35.0
0
, from Fig 7.11 of Ref.2 

β

L

C'
( )

C

1

C/2 = - 0.0029  

M cos Λ c/2  = 0 .8 cos 35  = 0.655 ; 
c/2

A 6.46
= =7.86

cosΛ cos35
 

From Fig 7.12 of Ref.2, KMΛ = 1.23. 
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The parameter Kf depends on lf / b. The length lf is shown in Fig. 7.13 of Ref.2. Based on 

Fig 2 of this appendix, lf  = 45.16 m. 

lf / b = 45.16 /59.64  =  0.757. 

From Fig.7.13 of Ref.2, Kf  = 0.884 

From Fig 7.14 of Ref.2, ( 1βC /CL) A = - 0.0002 

For Λc/2 = 35
0
 and λ = 0.29, from Fig 7.15,  ( 1βC / Γ )  = - 0.0001825 

From Fig 7.16, KMΓ = 1.15 

From Eq.(7.10) of Ref.2 

β 2
ΔC

=  - 0.0005 A (d/b)
Γ


1

 

d = (average fuselage cross sectionalarea / 0.7854)   = 6.41m 

Hence, ∆ 1βC / Γ 20.0005 6.46 (6.41/ 59.64)   = - 0.0000146 

From Eq.(7.12) of Ref.2 

W
1β ZW

Z1.2 A 2d
(ΔC ) = - ( ) ( )

57.3 b b
  

1.2× 6.46 3.5 2×6.41
= - ( ) ( ) =  - 0.000671

57.3 59.64 59.64
 

From Fig 7.17 of Ref.2 

β

c/4

ΔC
= - 0.000031

θtanΛ

1


 

The quantity θ is the wing twist which is assumed to be equal to -3
0 

Now, 1βWBC  = 57.3 [0.616 (- 0.0029 × 1.23 × 0.884 - 0.0002) 

    + 7 (-0.0001825 × 1.15 - 0.0000146)- 0.000671 + (-3) (-0.000031) tan 38.5] = - 0.2431 

From Eq.(7.13) of Ref.2 : H H
lβH lβHB

S b
C =  C

S b
   

lβHBC  can be evaluated in the same manner as lβWBC  . It is simply taken equal to lβWBC  

i.e lβHBC = - 0.2431.  

Then, 

lβH

0.2431 × 135.07 × 22.17
C =  - =  - 0.0222

550.5 × 59.64
  

From Eq.(7.14 ) of Ref.2 
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V V
1βV YβV

Z  cosα - sinα
C  =  C  ( )

b


l
 

lv = distance between c.g and the a.c of vertical tail 

Reference 2 shows the distances lv and Zv in Fig.7.18. However, it does not give a 

procedure to obtain the location of the aerodynamic centre of vertical tail from the 

leading edge of its root chord (the distance 
'

ac

r

X

c
 in section 5.3 of this appendix). Hence,  

the procedure to obtain 
'

ac

r

X

c
for the wing is adopted considering the vertical tail as a 

hypothetical wing. For this purpose, the span of a hypothetical wing (bh) is taken as 2 bv 

or bH = 2 x 11.6 = 23.2 m . The root chord , tip chord and taper ratio of the hypothetical 

wing are: (cr)h = (cr)V = 13.00 m, and (ct)h =  (ct)V = 3.85 m, and  

λh = λV = 0.297 . This hypothetical wing thus has an area (Sh) of (23.2/2) (13 + 3.85) =  

195.46 m
2 

and an aspect ratio (Ah) of 23.2
2
/195.46 = 2.75. Hence, the parameters 

h LEA  tan  and LE/ tan   are 2.75 tan 46.26 and 0.6 / tan 26.26 or 2.878 and 0.574. 

From Fig 3.9 of Ref.2, 
'

ac

r

X

(c )
 for the hypothetical wing is 0.597. 

Consequently, for the vertical tail, '

acX = 0.597 × 13 = 7.76 m.  

Since, leading edge of the vertical tail is at 52 m from the nose, the location of a.c. from 

nose is (52 + 7.76) m or 59.76 m  

Noting that the c.g. of the airplane is at 31.41 m from nose, gives :                                                       

lv = 59.76 – 31.41 = 28.35 m. 

Zv = distance of vertical tail a.c above c.g. Assuming c.g to lie on the centre line of the 

cylindrical portion of the fuselage this is = 6.35 m 

 = angle of attack. Assuming α0L = -2
0
 one gets : 

L L 0LC = C (α-α )  

or  0.616  =  (  5.44 / 57.3) (α + 2) 

Hence, α  =  4.5
0 

Note : The value of α given in Ref.3 is 4
0
 

Then, 
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0 0

1βV

6.35cos 4.5 -28.35sin 4.5
C = - 6.36 

59.64
  =  - 0.042 

Hence, 

lβC = - 0.2279 - 0 .0222 - 0 .042  =  - 0.2921 

With reference to wing area of 511m
2
, C′lβ = - 0.3144. The value from figures of Ref.3 is       

- 0.279 

6.3 Estimation of Cnβ  

From Eq.(7.13) of Ref.2 

Cnβ = CnβW + CnβB + Cnβv 

CnβW    = 0 as angle of attack is not high 

BS B
nβB N R1

S
C = -57.3K K

S b

l
  

The quantity KN is shown in Fig.7.19 of Ref.2. It depends on three parameters namely  

2

B BS 1 2 / S , (h  / h )l  and h /W. 

lB = 68.63 m , SBS = body side area = 416 m
2
 

Xm = c.g location from nose = 31.41m 

Xm / lB = 31.41 / 68.63 = 0.4576 

h1 and h2 are fuselage heights at lB / 4 and 3 lB / 4. From Fig. 3 these are 7.8 m and 5.8 m. 

Hence, 1 2h  / h = 7.8 / 5.8 =1.16  

h = maximum height of fuselage = 8.4 m 

W= body maximum width = 6.41m 

Hence, h / W = 8.4/6.41 =1.31 

l
2

B  / SBS = 68.63
2
 / 416 = 11.32 

Then, from Fig 7.19 of Ref.2 , KN = 0.00124 
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KRl depends on fuselage Reynolds number. Which is 258.1 × 10
 6

. 

From Fig 7.20 of Ref.2,  KRl = 2.14 

Consequently, nβB

68.63
C = -57.3×0.00124×2.14×(416/550.5)×

59.64
  = - 0.1321 

V V
nβV YβV

cosα + Z sin α
C = -C  ( )

b

l
 

0 028.35cos 4.5 6.35sin 4.5
0.636 ( )

59.64


 = 0.3067 

Hence, Cnβ = - 0.1321 + 0.3067 = 0.1746 

Based on an area of 511m
2
 this would be = 0.188 

From Ref.3 the value of Cnβ  = 0.195 

6.4 Estimation of Cүp  

Cүp  ≈ CYpv  = V V
YβV

Z cosα- sin α
2( )C

b

l
 

0 06.35cos 4.5 28.35sin 4.5
2( ) ( 0.636) 0.0841

59.64


      


