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5.5 Estimation of C
2 2
M C = 0.8

TG T g 0616 =117

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

Remark:

According to Ref. 9, p.4-68, this formula for C, is valid only for low values of C.. The
value of Cy lies between -0.2 to 0.6. From figure on p.222 of Ref.3 one finds Cy = 0.23
Hence, CLy =M x Cy = 0.8 x 0.23 = 0.184.

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

section 7.11.2).

CL =Cpq (0- aoLw) ; Or Cm = Cram (o - corw)

or C.y = M Cram (a- aorw) ;5 aoLw = Zero lift angle of wing



In a manner similar to the calculation of Cr, at M = 0.8, the values of C, at M = 0.82 and
M = 0.78 are obtained as 4.9645 and 4.8391 respectively.

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

(o- agLw) = C/ay=0.616 /4.9

Hence, C,, = 0.8 x3.135x0.616 /4.9=0.315

Based on the area of 511m? this becomes:

550.5

C, = 0.315x = 0.346
511

Remarks:

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

C. ={M/?x(cosA,,)’xC }H{l-M>(cosA,,)’}

Where, M; & C,; are the Mach number and lift coefficient in chosen flight condition. In
the present case:

C,, ={0.8 2x(c0s38.5)*x0.616}/{1-0.8 (cos38.5)°}=0.3971

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

From Eq.(4.3) of Ref.2

Co = -C, aaxﬁ

To calculate this quantity, X,,,, 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
X 0.3243 | 0.3356

acW

Hence, oX,, /0M =(0.3356 -0.3243)/0.04 = 0.2825
Hence, Cy = -0.616 x 0.2825 = -0.174

Based on the area of 511 m? and reference chord of 8.33 m
Cmu =-0.1740 x 550.5 x 10.2 / (511 x 8.33) = - 0.2304
Alternatively (Ref.13, section 7.11.3),Criu =M Cim



From figure on p.222 of R.3 Cym = 0.16, consequently

mu=0.8x0.16 =0.128.
It is seen that the calculated value of Cp, (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 Cv, depends on Mach number and also on C, . Refer also to remark in
section 8.4.
5.7 Estimation of Cpq

It is generally small and hence neglected.
5.8 Estimation of C4

From Eqg. (5.1) of Ref.2

C:Lq = C:qu‘*' CLqH

A + 2C0sA
Crad = (o) (C g D
( qu)M (AB + 2COSAC/4 )( qu)M—O

2X,,
c

(CLgwIm=o= (% + ) (Cla o

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

(CLow )rio 15 4.005, gives:
(CLqw ) m=0= (% +0) 4.005 = 2.003

A = aspect ratio
B = V{1-M? cos® Ags}= V{1-0.8% cos® 38.5} =0.78

Consequently, (C,.. )y =—200*r2€0385 1 43 =9 447
WM™ 6 46 x 0.78 + 2 c0538.5
_ _ XS

(CLqH)M: 2C My Vs V= ?HEH

Xy = distance from c.g to a.c of tail =61.75-31.41=30.34; Xy / T =2.975

— 30.34 135.08
VH = X
10.2 550.5

(Cogn)w =2 x4.135 x0.95x0.731= 5.741

= 0.731

C,=2447+5.741=8.188



5.9 Estimation of Cyyq
From Eq.(5.6) of Ref.2

Cmq = Cqu + Cqu

Atan’A, L3
AB+6cosA,, B
A’tan’A, 3

A+6C0sA ,

— 2 —
%) 37
c 2Le)) 1 Atan’A, 1

A+ 2 cosA,, 24 A+6coshy, 8

(Cqu ) M = (Cqu ) M=0

(Cqu)M=0= - KCIaW COSAc/4

From Fig 5.1 of Ref.2, K =0.705 for A = 6.46, C,,w = 2n = 6.28 and as evaluated in
section 5.8, and B = 0.78.

6.46° tan? 38.5
C _o=—0.705x6.28 cos 38.5{0+1/24 +1/8}= -2.641
(Crnaw ) w0 8 { 6.46+6c05385

6.46° tan® 38.5 . 3

_ 6.46 x 0.78 +6xcos38.5 0.78 |_
C =-2.641 =-3.086
Corqw I 6.46° tan’ 38.5

6.46 + 6 x cos 38.5
_ 2CLaH MNu \_/H XH —
C
Hence, Cinq =-17.09 — 3.086 = - 20.17
Based on an area of 511m”and T =8.33 m Cpyqis :

C,.,=-20.17 x 250.5 X 102, -26.7
K 511 833

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

Co= -2x4.135%0.95x%0.731 x 2.975=-17.09

magH

value of C, given by theory is higher.

5.10 Estimation of

This is taken as zero.

5.11 Estimation of

From Eq.(6.1) of Ref.2.



C.=CLwtCLn

Expressions are given in Ref.2 for C ., andC_,,,. However, from reference 11 vol.VI p.
387.

C.~—C,. (T/Xy)

Hence, C, , is estimated after evaluating C,, .

5.12 Estimation of

From Eq.( 6.4 ) of Ref.2
C G :Cde + Cde

ma

C 0

maw —

C =-2CraunuV, Xu/ T) (de/da)

maH

=-2x4135%x0.95 x0.731 x 2975 x0.432 = -6.87
Hence, C,, = -6.87

The value of C,, based on the area of 511m? and T of 8.33m is :

C,, =—6.87x iO'5>< 10.2 =

— =-9.06
511 8.33

Remarks:

i) Value of C_, given in Ref.3is - 6.55.
if) Value of C . is:-(-6.87/2.975)=231

6. Estimation of lateral stability derivatives

These derivatives can be classified as angle of sideslip derivatives Cyy , Cj;, Cqp; roll

!

rate derivatives Cyp , C|,

Chpand yaw rate derivatives Cy, ,C'y, Cpr

6.1 Estimation of Cyg

From Eq. (7.1 ) of Ref.2

Cyp = Cypw + Cyps + Cypyv

Cypw =-0.0001 I"x57.3

I =7°, hence Cypw = -0.0001 x 7 x 57.3 = -0.0401 rad™



Cyps = - 2Ki (So/S)

Kj is given in Fig 7.1 of Ref.2. It depends on the position of wing on fuselage and on
(2 zy /d)

zw = distance from body centre to ¢ /4 of exposed wing root chord = 3.5 m (estimated
from Fig.1).

d = maximum diameter at wing body junction = 7.2 m

Hence, 2z,,/d=3.5x2/7.2=0.972

Ki=1.48 from Fig 7.1 of Ref.2.

So = 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 Sg is 32.2 m 2.

Cyp= -2 % 1.48 322 _ o731
550.5

C

YV -
do S
CYBV =-kC,,y (1+d_[3)nv ?V

The factor k, given in Fig.7.3 of R.2, depends on (b\/2r1). See section 2.5 for definition
of ‘ry’.Here by/2r; =11.6 /5.0 =2.32. Hence, k = 0.82
CrLov: It depends on the effective aspect ratio of the vertical tail (Ave).
A A
AVeff = A_VBAV{]--I'KH (%'l)}

\Y% VB
From section 2.5, Ay = 1.38, Ay = 0.296.
From Fig.7.5 of Ref.2
Ave = 158

\Y%
% depends on zy / by . zy is defined in Fig 7.6 of Ref.2.
VB
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 /¢, =9.75/13 = 0.75; C, is taken equal to (c)y
From Fig.7.6 of Ref.2



Awe -1 29

VB

Sy/ Sy =135.08/ 97.73 = 1.372. From Fig.7.7 of Ref.2, Ky = 1.03

Then, Avess =1.58 x 1.38 [1 +1.03 (1.29-1)] = 2.83

The term Cy, is calculated from Aves in the same manner like that for a wing of this
aspect ratio. Using Eq.(3.8) of Ref.2 , C,, =3.40.

From Eq.(7.5) of Ref.2

97.73/550.5 35
1+ (do /d = 0724 + 306211319999 6432y 4 0.000x 6.46 = 1.284
{1+ (do/dB) nv 1 +c0s39.8 (72

Hence, Cvpv=-0.82 x 3.40 x 1.284 x (97.73/550.5) = - 0.636
And

Cyp=-0.636 —0.1731 — 0.0401 = - 0.8492

Based on an area of 511m? Cyp =.8492 x (550.5/511) =-0.9148
From Ref.3 the value of Cyg is - 0.884.

6.2 Estimation of

From Eq.(7.8) of Ref.2
Cl = CiﬁWB + CiBH+ CiBV
Now,

Clow = 572 HCuun (G, Ko, + ()} +TISE K +51

L

'

AC',
+(ACy),y T Otan Ay, ( A )]
cl/4

CLWB =~CL= 0.616
For A = 6.46, .= 0.29 and A, = 35.0°, from Fig 7.11 of Ref.2

( ) A, =-0.0029

McosAcr =0.8cos 35 =0.655; A = 6.46 =7.86
COSA,, cos35

From Fig 7.12 of Ref.2, Kya = 1.23.



The parameter K¢ depends on l¢/ b. The length Isis shown in Fig. 7.13 of Ref.2. Based on
Fig 2 of this appendix, I; =45.16 m.

It/ b =45.16 /59.64 = 0.757.

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

From Fig 7.14 of Ref.2, (C;/C.) o =-0.0002

For Ag = 35° and A = 0.29, from Fig 7.15, (Cj,/T') =-0.0001825

From Fig 7.16, Kyr = 1.15
From Eq.(7.10) of Ref.2

AC!
Flﬁ = -0.0005 VA (d/b)?

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

Hence, AC, /T = —0.0005><ﬂ/6.46 (6.41/59.64)° = - 0.0000146
From Eq.(7.12) of Ref.2

aC ), =12 «/K(Z_W)(Z_d) _ 1.2&/6.46( 35 ) (2%64L) _ 1 000671
Iz 573 " b " b 57.3 59.64" " 59.64 '
From Fig 7.17 of Ref.2
ACy,
— 1 =.0.000031
OtanA ,

The quantity 0 is the wing twist which is assumed to be equal to -3°
Now, Cjy =57.3 [0.616 (- 0.0029 x 1.23 x 0.884 - 0.0002)

+7 (-0.0001825 x 1.15 - 0.0000146)- 0.000671 + (-3) (-0.000031) tan 38.5] = - 0.2431
S,,b,,
Sb

Claus Can be evaluated in the same manner as Ciy,, . It is simply taken equal to Ciy,,

From Eq.(7.13) of Ref.2: Cly,; = Clyy

i.e Cjyy, = - 0.2431,

Then,

Cpy = - 0.2431 x 135.07 x 22.17 _ 0.0222
550.5 x 59.64

From Eq.(7.14 ) of Ref.2




Z,, cosa - |, sina
b

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

C;BV = CYﬁV ( )

Reference 2 shows the distances I, and Z, 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 )Z“ in section 5.3 of this appendix). Hence,

r

the procedure to obtain —=for the wing is adopted considering the vertical tail as a
c

hypothetical wing. For this purpose, the span of a hypothetical wing (by) is taken as 2 b,
or by =2 x11.6 = 23.2 m . The root chord , tip chord and taper ratio of the hypothetical
wing are: (¢)n = (¢r)v=13.00 m, and (c)n = (c)v=3.85m, and

A = Av =0.297 . This hypothetical wing thus has an area (Sy) of (23.2/2) (13 + 3.85) =
195.46 m® and an aspect ratio (An) of 23.2%/195.46 = 2.75. Hence, the parameters
A, tan A cand g/ tan A . 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, Z<a°) for the hypothetical wing is 0.597.
c

Consequently, for the vertical tail, X, = 0.597 x 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 :

I, =59.76 — 31.41 = 28.35 m.

Z, = 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

a = angle of attack. Assuming oo = -2° one gets :

C, . =C_, (a-ay)

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

Hence, o = 4.5°

Note : The value of a given in Ref.3 is 4°

Then,



0_ ; 0
Cigv 636 6.35c0s4.5" -28.35sin4.5 . 0.042
59.64

Hence,
C;B =-0.2279-0.0222 -0.042 = -0.2921

With reference to wing area of 511m?, C';s = - 0.3144. The value from figures of Ref.3 is
-0.279

6.3 Estimation of C,g
From Eq.(7.13) of Ref.2
Cup = Copw + Cipa + Copy

Cupw = 0as angle of attack is not high

S
Copy = -573K K, =2 2

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

12 /S, , f(h, /h,) and h /W.

lg = 68.63 m , Sgs = body side area = 416 m?
Xm = c.g location from nose = 31.41m
Xm/lg=31.41/68.63 =0.4576

h; and h; are fuselage heights at Ig/ 4 and 3 Ig/ 4. From Fig. 3 these are 7.8 m and 5.8 m.

Hence, /h, /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
1% / Sgs = 68.63% /416 = 11.32
Then, from Fig 7.19 of Ref.2 , Ky = 0.00124



Kri depends on fuselage Reynolds number. Which is 258.1 x 10°.
From Fig 7.20 of Ref.2, Kg =2.14

Consequently, CnBB = -57.3x0.00124 % 2.14><(416/550.5)><§2'22 =-0.1321
I, cosa+Z, sina
CnBV = 'Cyﬁv ( Y . )
b
0 H 0
0636 (28.35cos4.5 +6.35s1n4.5 )= 0.3067

59.64
Hence, Cnp =-0.1321 + 0.3067 = 0.1746
Based on an area of 511m? this would be = 0.188

From Ref.3 the value of C,g =0.195
6.4 Estimation of Cy,

Z,cosa-l, sina
Cyp =Cypv = 2(— 0 .

0 ; 0
:2(6.35cos4.559 :;3.355m 4.5 ) x (—0.636) = —0.0841

)Cypy
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