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SUMMARY

The results of various wind-tunnel tests have been used to produce a
set of aerodynamic data for the BAC 221 at Mach numbers from 0.2 to 0.955.
The data have been reduced to the reference condition used by BAC, viz.
§ = 448 s3q ft and a CG position 154 in forward of the datum, on the body

datum. Data for both clean and approach configurations are presented.

* Replaces RAE Technical Report 70252 - ARC 33464
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1 INTRODUCTION

The need for a critical look at the aer.uynamic data available for the
BAC 721 became apparent when Structures Uepsituent RAE undertook to do the
necessary calculations for the Phase II autostabiliser clearance., Phase II
involves flying the aircraft with an high authority autostabiliser which is

a single~channel device. The presence clearance is to a Mach number of 0.95.

The present Report 18 concerned with the production of the set of aero~
dynamic data which will be used for responge and load calculations. Results
of the wind-tunnel tests reported in Refs.l to 5 have been used to produge
aerodynamic data for the BAC 221 for Mach numbers from 0.2 to 0.955. The

tabulated data used to produce Ref.2? were made available to the author.

The large range of flight conditions to be investigated means that
aerodynamic data are required over a wide range of incidence and sideslip.
For low Mach numbers the range of incidence is 0° to 24° while at M = 0.95
1t is 0° to 16°. Lateral data are required over the sideslip range
I8} < 8°. Over this range some of the aerodynamic coefficients vary in a
highly non-linear way, In particular, the low-speed behaviour of Cn
indicates that there is a range of incidences for which the aircraft
should be statically unstable and this is to a large extent borme out by
flight tests. Taking account of these non-linearities makes the classical
derivative approach impossible since the value of the derivative obtained
depends on the range chosen for the independent variéble. However, the
derivative approach has been retained where possible and the derivatives

are then functions of incidence and Mach number.

The coefficients or derivatives are known at various combinations of
their independent variables and in the response calculations a scheme of
multivariate interpolation will be used to calculate the coefficient (or
derivative) at the desired combination of the independent variables. For
interpolation in n variables, numerical values of the coefficient are
required at the end points of an n-dimensional element. The end points
chosen 1n a particular variable depend upon the variation of the coefficient

with that variable.

The data to be used in the calculations are given in tabular form;
these were produced by smoothing raw wind-tunnel data and interpolating and

extrapolating where necessary. The data are also presented graphically



together with the appropriate wind-tunnel results. Considerable extrapolation
has been necessary to produce data at the incidences required for high

Mach numbers.

The data presented are referred to aerodynamic body axes with the excep-
tion of the oscillatory derivatives which are referred to datum body axes,
In the reduction of data, the reférence area has been taken as 448 sq ft, the
chord as 21 ft and the span as 25 ft. The data apply to a CG position 154 in
forward of datum, on the body datum. The ailerons have a 2° up~rig and all

control angles are measured in a plane normal to the hinge line.

Data are given for both clean and approach configurations. The approach

. . )
configuration has a nose droop of 8 and the undercarriage 1s lowered.

2 LONGITUDINAL DATA

Low-speed wind-tunnel resultsl are available for elevator angles within
the range -10° to 10°. At higher Mach numbers data3 are available for
n = 20, 00, -2° and -4°. The data are tabulated for two elevator angles -10°
and +100, and were produced by linear extrapolatdion of the smoothed data,
shown 1n the figures, appropriate to n = 0° and -10° for M = 0, 0.4 and

n = 0° and -4° for the higher Mach numbers,

2.1 ¢ (a,n,M)

The smoothed values of CL are tabulated in Table 1 for n = :10° for
the Mach numbers 0, 0.4, 0.7, 0.8, 0.937 and 0,955. Fig.l shows the low-
speed (M =0, 0.4) C v. o for n-= 0% and -10° for both clean and approach

L
. . 1 .
configurations. The wind-tunnel results  are also shown on the figure.

CL v, o curves for M = 0.7, 0.8, 0.937, 0.955 are shown in Figs.2

(n = Oo) and 3 (n = —40). The wind-tunnel results shown are reported in
part (1) of Ref.3.

2
2.2 CD(CL,n,M)

C 1s tabulated in Table 2 for r = *100 and two values of 02

D L? 0 and 2,
for the same Mach numbers as CL. CD 15 assumed to be linear with Ci. Fig.4
compares the low-speed data from Table 2 with wind-tunnel datal for n = 0° and

10° for both clean and approach configurations. Fig.5 shows CD V. Ci for

n= 0% and -4° for the Mach numbers 0.7, 0.8, 0.937 and 0.955. The wind-tunnel

results shown are reported in part (1i) of Ref.3.



2.3 Cm(a,n,M)

Cm s tabulated in Table 3 for n = +10° for the same Mach numbers as
CL. Fig.6 shows the low speed Cm v. o for n = 0° and -10°. Wind-tunnel
data” are also shown on the figure.

Cm v. o curves for M = 0.7, 0.8, 0.937 and 0.955 are shown in Figs.7
(n = OO) and 8 (n = —40). The wind=-tunnel results shown are reported in
part (i) of Ref.3. From Figs.7 and 8 it can be seen that considerable
extrapolation was necessary to provide data for the higher incidences.
From the available wind-tunnel data3 it 1s evident that Cm changes markedly
as the Mach number increases. As far as possible the extrapolation has taken
into account the trends predicted by the wind-tunnel results but the values

of Cm assumed for high incidence are not as reliable as those of C, and

L
CD.
2.4 Cm (M)
-9
The analytical expression relating Cm with Mach number, M is
chosen to be 9

Cm = = 0.3936 - 0.032M.
q

Data given in Ref.6 were found to be in error by a factor of 2 and the above

expression approximates the corrected data as shown in Fig.9.

3 LATERAL DATA

. Cy, CE and Cn are taken to be functions of o, 8, KF and M,
where KF is the gquasi-static aercelastic fin efficiency. The smoothed

values of CY’ C and Cn are assumed to be odd functions of B and are

tabulated for poiitlve B in Tables 4, 5 and 6. Data are given for two
values of KF:— KF = 1 giving the value of the particular coefficient for
the whole aircraft with a rigid fin and KF = 0 giving the value for the
aircraft without a fin. The value of the particular coefficient for the

aircraft with a flexible fin is given by

. _+K(C . -C, ) .
Ky=0 l‘FKF—l K,=0



The fin contributions for clean and approach configurations are assumed
to be identical. The elevator contributions to CY’ C2 and Cn are assumed
to be zero,

Low-speed wind-tunnel data are available from Refs.l and 2, At higher
Mach numbefs the lateral data7 supplied by BAC have been used together with
more recent wind-tunnel data3. At low-speeds Cn v. B and C2 v, B are
markedly non-linear with B8 at 1incidences above about 18°. At high Mach
numbers wind-tunnel data3 are available up to o = 8° and the coefficients
are linear with 8. It is assumed that Cn’ C2 and CY are linear with B
at incidences up to 18° for all Mach numbers. Graphical data are presented in
coefficient form for low Mach numbers and derivative form for the higher Mach

numbers. The data in the tables are in coefficient form for all Mach numbers.

3.1 CY(G,B,KF,M)

3.1.1 Rigid arrcraft

B is shown 1n Figs.l0 and 11 for the clean and approach

v.
Y
configurations respectively, together with appropriate wind-tunnel datal’z.

Low-speed C

The flattening of CY with B at high angles of sideslip shown in Fig.10 for

a = 22° is supported by results from Ref.l with a point at B = 9°,
Yy for Mach numbers 0.6, 0,8, 0,9 and 1.0 is shown in Fig.12. The

data points shown in Fig.l2 are those obtained from BACY, which do not differ

.. . 3
significantly from results of more recent wind-tunnel tests as ARA",

3.1.2 Fin contribution

Yy is shown on Fig.l2 for Mach numbers 0, 0.4, 0.6, 0.8, 0.9 and 1.0,
fin
The data shown were supplied by BAC7 and agree fairly well with recent wind-

2
tunnel tests ’3.

3.2 C (a,B,K,,M)

3.2.1 Rigid aircraft

Low-speed C2 v. B 18 shown 1in Firgs.l3 and 14 for clean and approach

configurations respectively, together with appropriate wind-tunnel datal’z.

Rv for the Mach numbers 0.6, 0.8, 0.9 and 1.0 is shown in Fig.15.

1,2

This is based on the low—speed data C, v. B which are linear with B wup

2
to about 18° of incidence and wind-tunnel results3 for the higher Mach numbers

where data are available up to o = 8°.



3.2.2 Fin contribution

2, is shown in Fig.15 for Mach numbers up to 1.0, & is
fin 2 Vein
based on the low~-speed measurements™ for the approach configuration and a

few measurements at low incidence and high Mach numbersB.

3.3 Cn(a,B,KF,M)

3.3.1 Rigid aircraft

Low—speed Cn v. 8 1s shown in Figs.l6 and 17 for clean and approach

y

. . . . 1 .
configurations respectively, Wind-tunnel data are also shown in the

figures.

v for Mach numbers 0.6, 0.8, 0.9 and 1.0 is shown in Fig.18. This is
based on the data7 which had been used to produce data for the fin efficiency
(section 7). These fin efficiency data are the only data available for this
parameter and so it is logical to retain the n, used to produce them.
However it is worth noting that the new wind-tunnel test53 produce similar

N o] o
results over the incidence range ¢ to 8,

3.3.2 Fin contribution

n, is shown in Fig.l8 for all Mach numbers under consideration.
fin
The data are again based on the BAC data7. Data from low-speed wind-tunnel
tests2 for the approach configuration are also shown on Fig.18; these tests
produced a rather different result in the incidence range 10° to 20°. The
BAC data7 showed a recovery of n between o = 16° and 18° whereas the
fin

new data2 do not. In the extrapolation from 16° to 24° of incidence the

recovery of n has been ignored and the trend adopted is that shown
fin 9
by the wind-tunnel tests at Bedford”.

4 LATERAL OSCILLATORY DERIVATIVES

>3 have measured these oscillatory deriva-

Recent wind-tunnel tests
tives in the formof n_~n, cos o, & - L. co8 a, n_+ n, sin a and
r v r v p v
RP + 2. gin o. The results4,3 are given for a flight CG 161 in forward of
the datum. n., aﬁ are agssumed to be small so that the quantities measured
can be taken as n., Rr etc. The data exhibit a certain amount of scatter
compared with which the difference in values of a derivative for CG positions

of 161 in and 154 in (the reference CG used in this report) is small,



10

Therefore the smoothed data are assumed to apply to a CG 154 1n forward of the

3

datum. The model used for these tests had a 3° up~rig on the ailerons;
however, 1t is assumed that the results apply equally for the 2° up-rig

actually employed on the aircraft.

The low-speed wind-tunnel tests4 cover a wide range of incidence
(o = 0° to 260) and three sideslip angles, 0° and $5°, There is insufficient

evidence to include a variation with A. The results are assumed to apply for

"

both clean and approach configurations although only a model in the clean
configuration was tested. The resules” were studied in conjunction with Ref.8
and were found to be in agreement with the trends of the theoretical and
experimental data reported therein.

© ana 4° and

. 5
At high Mach numbers measurements” were made at o = 00, 2
in some cases exhibit a considerable amount of scatter. In smoothing these
data account was taken of the more consistent data from the low-speed

4
measurements ,

The variationg of the yaw-rate derivatives and roll-rate derivatives

with Mach number, referred to datum body-axes, are shown in Figs.19 and 20
respectively. The data at M = 0.18 are from Ref.4 while those at high

Mach numbers are from Ref.5. With reference to Fig.19 1t can be seen that the
high values at a = 4° and a Mach number of 1.0 have been ignored. Data are
required up to a Mach number of 0.955 and this steep rise 1s assumed to occur
(if in fact it does so in reality) very close to a Mach number of 1.0.
Further, this rise is not found at a = 0% and o = 2°.

From Fig.20 it can be seen that the high-speed values of n at o = 0° )
P

have been ignored. These parlicular values are extremely high compared with

o

the rest of the data, viz, at « = 2~ and 40, which do not show such a

variation with Mach number,

4.1 Yaw rate derivatives

n and Qr are functions of o, KF and M where KF 1s the quasi-
static aeroelastic fin efficiency. Data are tabulated for twe values of KF’
0 and 1, and data for the aircraft with a flexible fin 1s found by a method

analogous to that mentioned in section 3.

im)

fe
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4.1.1 2 _(a,Kp,M)

The data are tabulated in Table 7,

{a) Rigid aircraft

The smoothed data from Fig.l9 together with the low-speed wind-tunnel
results4 were used to produce the variation of Er with incidence and Mach
number as shown in Fig.2l. The sharp drop in low-speed Rr at about 20°
of incidence, although unexplained, may well be genuine since a similar
variation was found with tests on a model of Concordea. However the variation
of Er with 1ncidence does not take into account this drop in Qr. Extra-
polation to high incidence at high Mach numbers was achieved by assuming

Er invariant with Mach number and using the epxression for Er
finoff fin
given in section 4.1.1(b).

(b) Fin contribution

The following expression is assumed for 8. T

fin
2v
Er = n, fin
fin fin  Tv_.
fin
where all quantities are referred to body axes, Rr is shown in Fig.21l.
fin

4.1.2 nr(a,K M)

F’
The data are tabulated in Table 8.

(a) Rigid aircraft

The smoothed lines of Fig.,l9 are used to provide data from 0° to 4° of
incidence. The variation of n_ with incidence and Mach number is shown 1n
Fig.22 together with the low-speed wind-tunnel resultsa. The data for high
Mach numbers were extrapolated to the required incidence by consideration of
the fin effect (see section 4.1.2(b)), the low-speed values, and some data

supplied by BAC7.

(b) Fin contribution

The following expression is assumed for n_oiT
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where all quantities are referred to body axes, n_ 15 shown 1in
Fig.22. fin

4.2 Roll rate derivatives

4.2.1 2 (a,M
NCHLY

The variation of QP with incidence and Mach number is shown in Fig.23

and tabulated in Table 9. The low-speed wind—-tunnel results4 are also shown

L2

1n Fig.23. The smoothed data of Fig.20 were used to give the value of ¢
o

p
at a = 00, 2% and 4° for Mach numbers of 0.8 and 1.0, TFrom these data it was
evident that ip was linear with o over the range O0° to 4° and the linear

relationship so produced was extrapolated to the higher incidences required.

4,2,2 n_(a,M)
i

The variation of np with incidence and Mach number isashown in Fig.23
and tabulated in Table 10. The low-speed wind-tunnel results are also shown
in F1g.23. The smoothed data of Fig.20 were used to produce data at high
Mach numbers and low incidence. Extrapolation to high incidence at Mach
numbers 0.8 and 1.0 was achieved by keeping the Anp between the Mach numbers

constant at the low-incidence wvalue throughout the incidence range.

5 ATLERON POWERS
oC aC
5.1 2 (a,M) and —= {a,M) s
3k ’ of ’
BC2 3C
32— and EEE are tabulated in Tables 11 and 12 for both clean and o
approach configurations and are also shown graphically in Fig.24 together with
appropriate wind-tunnel datal’3. The data are given for an anti-symmetric

daileron deflection.

oC aC

m L
5.2 BE— (o,M) and EE—-(G’PD
aC aC
A variation of EEE and TE with Mach number, for a single aileron
deflection, at low incidence was obtained from BACg. The variation of
aC aC
EEE and rra with incidence and Mach number is shown in Fig,25 and

tabulated 1in Tables 13 and 14, Data for both clean and approach configurations

are shown. The variation with o, for any Mach number, was obtained from the

i)

¢C JCm 3C
iati — i . —2 |or ——] at a particular incidence was
variation of 5E with o 3% 5% P

(r
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aC ac 8C
In L .
found by factoring FI (%r ——~> at low incidence in the ratio of - at

3¢ 3
BCQ
that 1ncidence to 35 Dbetween a = 0° and 4°.
6 RUDDER POWERS
ECQ aC aC
6.1 T and T For the rigid aircraft
BCR BCn aC
T and FTa are tabulated in Tables 15, 16 and 17 and are also
shown graphically in Fig.26 together with the appropriate wind-tunnel data1’3.
aC
From Ref.3 it can be seen that at high Mach numbers 325 is constant
between o = 0° and « = 9° and extrapolation to higher incidence 1s based on the
aC aC
low-speed values., At M = 0.9 and 0.94, —2 = -0.0607 whereas :_E at M =1
9% ac o6
1s -0.0640 (Ref.3). The data shown in Fig.26 give EEE~= -0,0615 at M = 1.0 and
iC aC
ﬂvE-= -0.0607 at M = 0.9 so that the interpolated SEE at M = 0.94 shall be

fairly close to the experiment result.
aC o
At high Mach numbers 3 18 given by Ref.3 only at o = 2.3 and is

assumed constant throughout the incidence range in accordance with the low-

1
speed results

7 AEROELASTIC FIN AND RUDDER EFFICIENCY

These data were supplied by BAC6 and are reproduced here., The aerc-

elastic fin efficiency, KF’ is presented in Table 18 and Fig.27.

The aercelastic rudder efficiency, KR’ 15 shown in Table 19 and

F1g.28, Thus the rudder powers for the flexible aircraft are derived from

the rigid aircraft values by multiplying them by KR.

B CONTROL HINGE MOMENTS

The control hinge moment derivatives are tabulated in Table 20, These

are based on data supplied by BACQ’IO. The data in Ref.9 are based on wind-

tunnel results3 at ARA.

8.1 FElevatoc hinge moment

BCH acH BCH
AN _BR and —2  are shown 1in Fig.29 and are taken from Ref.9.
da 7 3N .. 33

The low-speed aaﬁn shown 1in Fig.29 differs from that of Ref.9 and is based

11 .
on some flight test results on the Fairey Delta 2 which have been factored
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to agree with ARA results3 at M = 0.7, ARA results3 and factored Fairey
Delta 2 results are shown on Fig.29. The two data points shown at the same
oC
. H
Mach number in 3;—2 correspond to measurements on the port and starboard

elevators.

8.2 Aileron hinge moment

OCH& aCH£ o aC
Jx Y an 3¢

Wind-tunnel test results3 are also shown in the figure.

L))

are shown in Fig.30 and are taken from Ref.9,

8.3 Rudder hinge moment

Cy “Che
38 and 3% are shown i1n Fig.31. These are reproduced from some

data supplied by BAClO, which were based on FD2 and early BAC 221 wind-tunnel

tests. No new data are available.

{n

]
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Table 1

CLEAN CONFLGURATION CL

Ju=o0, 0. M= 0.7 M=0.8 M= 0.937 M = 0.955
o
n==100 | n=10° | n==10%1{ n=109 | r=-10° | n=100 | n==109 | =109 | n=-100 | n=100

0{-0.120| 0.096 | -0,140 {0.,10C | -0.142 | 0.092 | -0.163 | 0,112 { -0.168 | 0.118
2(-0.060 | 0.166 | -0.064 | 0.166 | 0,075 1 0.180 | ~0.086 | 0.194 | -0.081 | 0.189
4| 0.00810.236 0.01310.243 0.008 { 0,248 1 ~-0.003 | 0,282 0.019 {0,249
6| 0.091 | 0.323 0.097 { 0.337 0.087 | 0,347 0 082 | 0.387 0.108 { 0.348
8| 0.178 | 0.412 0.182 | ©.,448 0.175 ] 0.455 0,187 1 0.482 0.198 | 0.472
10| 0.265 | 0.507 0,271 1 0.561 0.270 ] 0.570 0.301 | 0.571 0.294 {0.614
12| 0.356 1 0.600 0.362 10 678 0.359 | 0.709 0.410 | 0.690 0,402 §0.762
14| 0.448 | 0,700 0.456 | 0.802 0.463 ]| 0.843 0.523 ] 0.833 0.533 10.903
16| 0.541 | 0.811 0.560 | 0.926 0.564 | 1.000 0.624 1 1.004 0.671 | 1 061
18| 0.639 | 0.917 0.670 | 1.050 0.656 | L.186

20| 0.738}1.028

22| 0.820 | 1.144

24| 0.870 ] 1.240

APPROACH CONFIGURATION CL

M =0, 0.4
o]
o
= -100 | n = 10°
0 | -0.103 0.103
2 | -0.036 0.168
4 0.034 0.246
6 0.112 0.324
8 0.194 0.410
L0 0.278 0.502
12 0 368 0.592
14 0 458 0.690
16 0.552 0.800
18 0.644 0.900
20 0 /28 1.016
22 0.784 1.092
24 0.840 1.172
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Table 2

CLEAN CONFIGURATTION CD

M =0, 0.4 M= 0.7 M= 0.8 M = 0.937 M = 0,955

n=-10° | n=100 [n=-10° | n=10° [ n=-10° | n=10° | n=-109 | n=100 | »=-10° | n=10°

0.0230 [ 0.0130[0.0198 | 0.0038{0.0195 | 0,0045{0,0226 { 0.0050{0.0236 [ 0.0070
0.8924 | 0.594410.8280 [ 0.7180/0.8921 | 0.6119{0,9234 | 0.5720{0.9178 | 0.5204

N QO

APPROACH CONFIGURATION C

D
) M =0, 0.4
L
n=-10°| n = 10°
0 | 0.0550 | 0.0430
2 | 0.9084 | 0.6496

L 2]

W

(&
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Table 3
CLEAN CONFIGURATION C_
, M=0, 04 M= 0,7 M 0.8 8 - 0,937 M = 0.955
a
=10 n=10" | ne-10® | n=10° [ m=-16®| n=10" [ne-10® | n=10° | n=-10° | ne10°

0 |o.0420(-0.035 | 0.0691 | -0.0430 | 0.0534 1 -0.0466 |0.0726 | -0.0614 | 0.0791}-0.0679
2 | o0.0608 | -0.0356 | 0.0479 | -0.0451 | 0.0515( -0.0475 [0.0709 | -0.0641 | 0.0713]-0.0637
4 |0.0395 | -0.0376 | 0.0804 | -0.0505 § 0.0578| 0,051 |o0.0701 | -0.0729 | 0.0650 | -n,0650
6 |0.0380 | -0.0404 | 0.0430 | -0.0510 { 0.04811 -0.0580 | 0.0632 | -0.0808 | 0.0610 |-0.0770
8 | 0.0368]-0.0432 | 0.0420 { -0.0580 | 0.0435] -0.0615 [ 0.0558 | -0.0807 | 0.0576 | -0,0944
10 | 0.0362] -0.0458 | 0.0388 | -0.0616 | 0,0382|-0.0638 |0.0475 | -0.0095| 0.0520 | -0.1240
12 1o.0360 ) -0.0%80 | 0.0352 | -0.0542 | 0.0308 | -0.0661 | 0.0345 | -0.1074 | 0.0210 | -0,1370
16 |0.0366 | -0.0502 | 0.6317 | -0.0673 | 0.0238 | -0.0702 {0.0226 | -0.1194 | ~0.0005 | -0.1635
16 | 0.0374} -0.0518 | 0.0283 | -0.0707 | 0.0170| -0.0770 | 0.6106 { -0.133% | -6.0250 | ~0.1950
18 {0.0m82}-0.0534 | 0.02:8 | -0,0738 | 0.0099 | -0,0831
20 | 0,0400 | -0.0560

22 | 0.0474 | -0.0622
2% | 0.0440 | 0,500

APPROACH CONFIGURATION Cm

M=0, 0.4

O,.0
n=-10°| n=10°
0 | 0.0322 | -0.0382
2 | 0.0326 | -0.0370
4 | 0.0326 | -0.0380
6 | 0.0314 -0.0414
8 | 0.0300 [ -0.0432
10 | 0.0292 | -0.0452
12 | 0.0296 -0.0472
14 | 0.0300 | -0.0492
16 { 0.0300 | -0.0504
18 | 0.0300 | -0.0512
20 | 0.0424 -0.0632
22 | 0.0416 -0.0376
24 { 0.0400 | -0.0428

17
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Table 4
CLEAN CONFIGURATION Cy
Mo, Ok
Ko =0 ke =1
0 1 2 4 6 8 0 1 2 4 b 8
a
0 | 0.0000]-0 0020{-0,0039{-0.0078|~0 0116}-0.01%6|{ 0.0002| ~0.0066) -0.0131] -0,0263{-0,0304(-0.0526
o | 0,0006|-0.0026)-0,004t]-0.0098-0.0149{-0,0716]j 0.0000} -0, 0070 -0.0135 -0.0275|-0,0415[-0.0570
10 ) 0.0000] -0.0038/ -0.0GC6) -0,0117) -0.0195§ -0, 0285] ©.0000} -0, 0080} -0,0150} -0.0285] -0, 0450]-0,0620
141 0.0000] -0.0056) -0,0108|-0.0191]-0.0289( -0,0382{ 0.0000] -0.0090f -0.0175|-0.0325-0,0450|-0.0E50
18 | 0.0000( -0,0050] -0.0103| -0,0207{-0.0299] -0 0412 0.0000{ -0,0078{ -C.0160]-0,031%]-0,0470] -0, 0640
20} 0.0000{ -0.0081] ~0.0110[ -0.0180{-0.0304| -0,0479} 0,5000{ -0,0089} -0.0165}-0,0291]-0.0470( -0, 0600
22 | 0.0000| -0,0052} -0.0106(-0 0192{-0.0271{ -0,0260)j 0,5000} -0,0079| -0.0160§-0,0300|-0.0433;-0,0475
2} 0,0000| -0,0052 -0,0097] -0,0185(-0,0297} -0,0405|f 0.0000] -0,0078] -0.0150 -0, 0230 -0,0455|-0.0620
M=0
KF = 0 KF =1
0 1 2 4 6 8 () 1 2 L 6 8
o
0 10.0000|-0.0015{~0.0230] -0.0060|-0.0091]-0.0121|f 0,0000] -0.0061]-0.0123} -0.0246] -0,0358] -0, 0451
& | 0.0000]-0.0017]-0,0034|-0.0068}-0,0103}~0.0137|| 0.0000(-0.0061]~0.0123]-0.0246{-0,0368] -0, 0491
19 | 0.0000}-0,0023]-0,0047{-0,0004{~0,0140]-0,0187|| 0.0000|-0,0065{-0.0130[-0.0261}-0.0392}-0,0522
14 | 0.0800-0,0037]-0.0075{-0,0150]-0,0224}-0,0293|l 0,0000¢-0,0071{-0.0142}-0.0284|-0.0426} -0,0507
18 | 0,0000]-0.0048|-0.0097(-0,0183(~0,0290{-0.0387]| 0.0000{-D,0077[-0.0154|-0.0307]-0,0461] -0 0614
M=0
ke = 0 Ke =1
a 1 Z 4 4 8 0 1 2 & ) 8
a
0 | 0,0000]-0.0015)-0,00 uf -0 0087 [-v 091 -0 01T oL u00s] -0,0002( -0, 01 25 -0, 62901 -0 04.%{ -0 6500
s 0.0000] ~0,00171 -0,00 15] -0, wdn8] =0, 0104] =0, (1391 0,0000] -0, 006 2] 0,01 251 =0, 0205 6,0375] -0,0500
10 10,0000]-0.0024{-0,0047} -0 0095]-0.014/ -0, 00l 0,0000] 0,0065|-0 010l-0.0201]-0 1492} -0,0%27
14 | 0.0000|~0,0035}-0.0070}-0,0140|-0,0209| -0.0279} 0.0000{-0,0068|-0,07sf [~0.0274[-0, 0418 -0, YA
18 {0,0000{-0,0044[-0.0088]-0,0176[-0,0264| -0,03521 0.0000]-0,0072(-0.0144[-0,0288[-0,0431§-0,0575

LB
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Table 4 (Contd)

CLEAN CONFIGURATION CY

Mm=20.8
KF = 0 KF « 1
0 1 ? 4 ] 8 0 1 ? 4 6 8
o
0 | 0.0000{-0.0015{ -0.0330] -0.0061]-0.0091} 00121 0,0000-0,0004f-0.01278] -0,0255]-0,0383} -0.0511
B 0.0000(=0,0017] -0.0035{-0,0070{ -0, 0105 -0,0148) 0,06000( -0, 0064{-0.0128{ -0, 32551 -0, 1383[ -0 1511
10 0.0000]-0.00241 -0,0048] -0,0096| -0,0144] -0 0183 0,0000{ -0, 0065] -0.0130] -0,0261]-0.0392| -0.0522
14 0,00001-0.0033] -0,0066]-0,0133|-0,0799] -0, 0205 0.0000[-0.00671-0.0133] -0,0267]-0.0400]-0,0533
18 0.6000|-0.0041) -4.0082|-0,0163} -0,0245] -0,4327 0,0000] -0,0068|-0,0136( -0,0272] -0, 0438] -0,5544
Me 1.0
KF =0 KF =
8 ¢ 1 2 4 i) B 0 1 2 4 6 8
o
0 0.0000] -0, 0015] -4}, 00301 -0,006%] -0 0911 -0,0121f 0,0000§ -0,0057]-0,0134) -0,0267] -0,0401( -0.0%3%
i 0,00001 -0.0018]-0.00%7]-0.00731-0.0110¢ -0.0146f 0,0000] -0.0067] -0.0134] -0.0267] -0.0401] -0,0535
10 0,0000{-0,0024¢-0.00491 -0,0008] -0,01463 -0,0195f 0,0000} -0,0066(-0,0133] -0,0265] -0.0398-0,0530
14 0,0000} -0,00321-0.0064} -0,0128] -0,01921 -0,025%]| 0.0000| -0.0065(-0.06131{-0,0262| -0.0393] -0,052%
18 | 0.0000f-0.0038]-0,0076]-0.0152| -0,0229{ -0,0305} 0.0008]-0.0065|-0,0129] -0.0258|-0.0388{-0.0517
APPROACH CONFIGURATICHN CY
M-, 0.4
KF = 0 KF =1
0 1 ? 4 6 ] 0 1 ? 4 § 8
: h
] 0,0000] -0,0060}-0.0121]-0,0241| ~0.0361] -0.0482}f 0,0000{ -0, 0106] -0.0213| -0, 0426] -0, 0639] -0.085?
b 0.00007 -0,0052 -0,0105| -0, 0238t -0,0364] <3, 05061 0.00001-0.2096] -0,0192( -0, 04158 -0, 0530] -0.0860
10 | Nn,00004-0,n058| -0, 0116] -0 0262 -0, 0399 —0.0550” 0,0000] -0, 01007 -0,02001 -0, 0430( -0,06%0{ -0, 0885
14 0.000a] -0.0065} -0.01311-0,0306} -0,0479] -0 06574 0.0000( -0.0099] -0,0198} -0, 0440{-0,0680} -0.0925
18 0,0000{-0,0087{ -0.0183}-0,0361; -0.0539] -0, 0712} 0.0000{~0.0115|-0.024C]-0,0475}-0.0710) -0, 0940
20 0,0000] -0.0092{-0,0175]-0.0349] -0.0524} -G,0704|{ 0.0000]-0.0120]-0,0230|-0.0460}-0,0690| -0.0925
22 | 0,0000(-0,0068]-0,0145]-0,0302 -0,0488]-0.0674)) 0,0000] -0,0005] -0.0280|-0.0410|-0.0650] -0, 0830
24 N, 000g) -0, 00795 -0,N1571 -0, 0310} -0, 04971 -0, 0r89); 0, 0000} -6, 0105] -0, 0.0 -0, 04151 -0, 0655( -0, 0900
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Table 5

CLEAN CONFIGURATION CR

=0, 0.4
Ke = 0 ke =1
B 0 1 2 4 i} 8 0 1 2 4 6 8
[0
0 { 0.0080 0.0003f 0.0008 0.0012} 0.0019} €.0025{f 0.0000| -0.0001|-0.0003] -0.0008| -0.0008 -0,0011
6 | 0 0000|-0.0013|-0.0026] -0 0042 -0.0061|-0.0077] 0.0000| -0 0015{-0.0030| -0.0050[-0.0073] -0, 0094
19 | 0,0000] -0,0023{-0.0046 -0.0092f -0,040] -0, 0184] 0.0000} -0.0023] -0.0048] -0.0092| -0.0139] -0.0183
14 | 0,0000f -0.0033} -0.0088] -0.0176] -0.0177] -0.0227|| 0.0000{ -0.0030(-0.0062] -0.0115| -0, 0160f -0, 0205
18 | 0.0000f -6,0045{-0.0067 ~0.0115} -0,0162[ -0,0207|| 0.0000f -0.0044] -0,0063] -0.0107| 0. 0150{ -.0190
20 | ©,0000f -0.0013]-0.0018} ~0.0073( -0.0131{-0,0195) 0,0000} -0.0011{ -0.0015{ -0, 0066/ -0.0121| -6, 0181
22 | 0.0000| 9.0013]-0.0012] -0.0086|-0.0150] -0,0212] 0.0000] 0.0014|-0.0009f -0.0580|-0.0140] -0,0200
24 | 0.0000] -0.0018{-0,0041{ -0,0074| -0.0121] -0. 0184} 0.0000] -0.0017| -0.0039} -0,0570| -0.0115 -0.0175
H = 0.6
KF= 0 KF= 1
gl o 1 2 } 6 8 0 1 2 § 6 8
o
0 | 0.0000f 0.0002| 0.0004 ©.0008| 0.0012 0.0016| 0.0000f-0.0002|-0.0005] -0, 0010} -0.0015]-0.0020
6 | 0.0000|-6.0013|-0.0626}-0.0052] -0.0078 -0.0105]} 0,0000}-0.0015{-0.0030{ -0, 0061 -0.0061{ -0,0121
10 | 0.0000]-0,0023|-0.0046} -0, 0093 -G, 0140] ~0,0186), 0.0000} -0, 0023] -0, 0046| -0.0093] -0.0138] -0,0185
14 | 0.0000]-6.0030|-0.0060] -0.0119| -0.0178} -0, 0230]| 0.0000}-0.0027{-0.0054| -0,0108] -0.0162| -0.0216
18 | 0,0000]-0.0031]-0,0062| -0,0124] -0.0186] -0.0248}| 0.0000f -0,0029}-0,0058] -0.07115]-0,0173| -0, 0231
M=0.8
ke = 0 ke < 1
gl o 1 2 4 6 8 0 1 ? ! 6 8
o
0 { 0.0000{ 0.0002( 0,0064{ 0.0007] 0.50%1{ 0.0015[ 0.0000(-0.0003(-0.0005( -0.8010} ~0.0016{-0,0021
6 | 0,0000]-0,0014}-0.0028] -0, 0055| -0.0083{ -0, 011al{ 0.0000|-0.0016]-0.0037| -0, 0064| -0.0085] -0,0127
10 | 0.0000[-0,0025(~0.0051] -0,0101| -0, 0152 -1, 0203f| 0,0005]-0.0075{-0.0054{ -0,0101| -0.0152| -0.,0202
1% | 0.9000|-0,0032|-0.0063|-0,0126{ -0.0190] -v.0753|| 0.0000|-0.0029]-0.0058{ -0.0115[ -0,0173] -0. 0230
18 | 0,0000]-0,0032] -0, 0064 -0,8129] -0.55193] -0.058] 0.0006{~0,0030]-0,0060] -0,0170].0,0181]-0.0241

),

[F)
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Table 5 (Contd)

CLEAN CONFIGURATION C£

M= 0.9
ke = 0 Ke = 1
B 0 1 2 A f 8 0 1 ? 4 § 8
0
0 | ooooo| 0.0002 0.0004] 0.0008] 0.0012 0.0016} 0.0006{-0.0002| -0.0005| -0.0010| -6.0015{ -0. 0020
6 { 0.00001-0.0014{ ~0.0029| -0.0058{ -0,0087| ~0.07116} 0.0000]-0.0016]-0.0033] <0, 0066( -0.0088] -0.0133
10 | 0,0000{-0,0027| ~0.0054| -0,0108{ -0,0163| -0,0247} 0,0000]-0,0027{ -0,0054| -0,0108| -0.0162} -0.0216
14 | 0,5000§-0.0032] -0.0065] ~0.0130{ -G.0195{ -0, 0260} ©.0000{-0.0030] -0,0056| -0,0119-0.0778|-0.0237
18 | 0,0000(-0.0033] -0,0066{-0.0131} -0.0197| -0.0262}| ©.0000] -C,0031f -0,0061}-0.0173| -0, 0184| -0,0246
H=1.0
Ke = 0 Kp =1
0 1 2 4 § 8 0 1 2 A 6 8
. i
0 { o.o000] #0003 0.0006f 0.0011] 0,0017 0.00228 0,0000|~0,0006(-0.0011]-0,0022]-0.0034{ -0,0045
6 | 0.0000}-0,0016{-0,0032 -0,00631 -0,0095] -0.0126{f 0.0000]-0.0015 -0,0039] -0.0077{ -0.0116]-0.0155
10 | 0.00000-0,0029-0.0058! -0,0116] ~0,0173| -0.0231f} ©.0000| -0.0030(-0,0060] -0.0120]-0,0180} -0, 0240
14 | 0,6000{-0,0033|-0.0066} -0,0133] -C,0199] ~0,0265{ 0.0000|-0.0032| ~0.0064] -0,0128{-0.0192}-0.0255
18 | 0.0000)-0,0034]-0,0068] -0, 0135} -0,0204| -0,0272{| 0.0000|-0,0033| -0,0066{-0.0132|-0,0198}-0,0264
APPROACH CONFIGURATION c,
Ma=0, 0.4
kg ke =1
0 1 ? 4 8 8 0 1 2 4 6 8
s}
0 ! o0.0000| 0,0006f 0.0011 0.0023] 0.0034| 0.0045|| 0.0000{ 0.0001] 0.0002[ 0,0005 0.0007[ © 0310
6 | 0.0000|-0.0005}-0.0017|-0.0033| -0.0050|-0,0064|| 6.0000{-0,0007}-0.0021|-0.0041|-0,0062}-0.008%
10 | 0.0000]-0,0015]-0.0033] -0.0072] -0.0107] -0.0138]| 0.0000{-C.0015} -0,0033|-0.0072(-0.0107|-0,0137
1% | 0,0000-0.0027}-0,0053| -0,0101| -0,0142|-0.0172]| ©.0000| -0,0024| -0,0047|-0,0090|-0.0125-0,0150
18 | 0.0000}-0,0026]-0,0048] ~0.0074] -0.0112|-0,016?|f 0.0000{-0,0024| -0,0044|-0,0066(-0,0100] -0,0145
20 | 0.0000 0.0004{-0,0018|-0,0072|-0.0120|-0.0174|| ,0000| ©,0006(-0.0015;-0,0065|-0.0110|-0,0160
22 | 0,0000]-0,0024]-0.004 3] -0,0091]-0,0155|-0,0213|| 90,0000 ~0.00?2| -0,0040]-0,008%|-0.0145| ~0,0200
4 | 0,0000f-0.0021(-0.0052 -0.0109| -0,0163|-0.0229]| 0,8000| -0, 0020/ -0.0050| -0, 0105|-0,0157|-0.0220
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Table 6

CLEAN CONFIGURATION Cn

M-u, Qs
KF =( KF = 1
0 1 ? L g 8 0 1 ) 4 b 8
o
0 0.0000} -0.0009] -0.0025}-0,00528 -0.00717 -0, 0098 0,0000( 0.0017] 0,0028] 0.0054| 0,0088{ 0.011%
7 0,0000f~0,0010{-0,00271-0,00561 -0, 0076| -0,0105¢ 0.0000( 0.0017} 0,0028] 0.0054 0.0088] 0.0114
4 0,0000] -0.0011{-0.0027]-0.0057| -0.0078| -0.0108]| 0.0000} ©.0017 0.0028{ G.0054 0.0088} 0.0114
8 | 0.0000]-0,0007§-0,0020]-0,0042}-0,0055 -0,0047) ©.C000f 0,0017] 0,0028] 0.0054 0,0088] 0.0114%
12 | ©.0000{-0,0005|-0.0016|-0,0035] -0,0045 -0,n063}f 10,0000 0,0017} 0,0028| 0,0054] 0.0088] 0.0114
16 (. 0000} -0,0003) -0, 0006|-0,0020 -7.0034 -0, 0049 0,0000{ ©,0015 0,0030| 0,005 0,0074 0.0095
18 (.0000] -0,00107-0,0018]-0,0027] -0, 00.43{ -0,0043) 0.0000] 0,0006] 0,0015] 0,0039f 0,0066 0,0090
20 | 0.0000{-0,00001-8,0018{-0,0025 -0,0030{ -0,0036% 0,00001 0,0006f 0,0012{ £.0035 ©,0060{ 0,0085
22 | 0.0000(-0,0039/-0.0053|-0,0068{-0,0062) -0, 0050| 0.0000-0,0025 ~0,0026]-0,0013] 0,0020 0,0060
24 | 0,0000f-0,0027}-0.0049]~0,0074) -0,0071] -G, 0069f 0.0000f -0,0015f -0,0025]-0,0025 €.0002] 0,0029
M=0
KF = KF a
0 1 ? b B 8 ¢ 1 Z 4 h 8
o
0 0,0000/~0,0013) -0,0027}-0,0054} -0,0081} -0,0108[ 0,0000F 0,0013] 0.0027] ©,0053] 0.,0080) 0,0107
2 1 0,0000]-0.0014]-0,0028{-0.0056]-0,0085 -0,0113|| 0,0600f 0,0013F £.0027] 0.00654f 0.0081 0.0107
4 (. 0000| -0, 00154 -0. 0025 -0, 0059} -0, 0088] -0.011 7% 0.0000] 0.00140 0,0028f 0.C055 0,00831 0.0110
8 £.0000{-0,0011{-0,0022| -0.0043] -0, 0065( -0,0086)j 0,0000| 0,0014 0,0028f 0,0056| 0.0085 @.0113
12 0,0000]-0.0009]-0,0019(-0,0037} -0.0056; -0,00754 4.0000} 0,0014f 0,0028Y 0,00561 0,0084 0.0112
16 0,0000]-0.,0007([-0,0013| -0, 0026] -0.0040} -0,0053 0,0000f 0.0013] 0.0026] 0.0053| 0.0079] 0.0105
18 £.0000]-0.€0061-0.00111-0,0023 -0. 0034 -0, 0045} 0,0000] 0,003 €,0026| 0.00511 0,0077| $.0103
M=g
KF =0 KF =1
0 1 ? 4 b 8 L 1 2 b b B
o
0 0.00001-0,0013]-0,0027 -0, 00533 -0,0080§ «0, 0107 t.0008 0,0016] 0,003 0.0065 00098 0.7
Z | 0.0000[-0.0014[-C.0028; -0,0056] -0, 0084f ~G, 07112 0.0000| G,0016] U,0033[ 0.006¢ 0,4099] 0,G132
4 1 0,0000|-0.00"4§-~0,0029] -0,0057| -0, 0085( -0.0115§ 0.0000| 0,0016] 0,0031| 0.0063f 0.0094] 0,0126
8 0.00001-0,0011]-0,0072] -0,00431 -0, 0085 ~0,0086 | 0.0009] 0,00171 0.n03%| n.0068F 0,0102] 0,013%
12 | 0.0000]-0,00097~0,0019) -0,0038]-0,00%] -0,00/5} 0.0000{ 0.0015} 0,0031] 0.0061] 0,0092} 0,0123
10 0.0000)-0,00071~0.0014] -0, 0028} -0,0041] ~0,0055) 0,0000] 0,00149 0,0031] 0,0062] 0,0002] 0.0123
18 | 1,0000{-0,0008(~0,0613) =0,0025] -0,0038{ ~0,0051)| 0,0000] 0,0015( 0.00301 0.0060] 0,5090] 8.0119

]
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Table & (Contd)

CLEAN CONFIGURATION Cn
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M=109
KF =0 KF =
B 0 1 7 ! , B 8 0 i 2 4 i 8
o3
0 0,0000( -0.0013]-0,0027} -0, 0053 -0,0080] -0.0707){ 0,0000] 0,0017| 0,0034] 0.0067] 0.0101] 0.013%
2 0,0000] -0,0014{-0,0028] -0,0055(-0,0083] -0,0110§ 0.0000| 0.0017f 0.0034] 0.0068] 0.01Q3} 0,0137
& 0,0008} -0,0014] -0,0028] -&:,0057[ ~0,0085} -0. 0114} 0,0000{ 0.0316| 06,0032} 0.0064] 0.0096f 0.0128
8 0.0000] -0.0011]-0,0022] -0,0043] -0,0065) -C, 0086} 0,00001 0.0018) 0.003%5 0.0070} 0.0109) 0,014
12 0.0000¢ -0,0010] -0.0019] -0,0038] -0.0057] -0, 0076|f 0,0000] 0,0017| 0.0035] 0,0070) 0,0105] 0,0140
16 0,00001 -0,0007] -0 0015 -0,00791-0,00441-0,0059 0,00001 0,0018 0.0037}f 0,0073( 0,0110] 0,0146
18 0,0003| -0,0007] -0.0014] -0,0028) -0, 004 3(-0,0057}| 0,0000¢ 0,0018| 0.0036| £.0072( ©.0708{ 0.0144
h=1,0
KF =0 KF =1
B 0 1 Z 4 b 8 0 ] i 4 B 8
o
0 0,0000{~0,0013) ~0.0020] -0, 0053( -0,0080{ -0,01061 0.0000f 0.001/] 0.0334] 0.0069] 0,2104] 0,0138
? 0.00001 -0.00141 -0,0027] -0,0055( -0,0082{ -0,0%10{ 0,000C1 Q,0018] 0,0036) 0,0072] 0.0107} 0.0143
& 0.0000] -0.0014{ -0,0028( -0, 0656 -0,0084| -0.0112)| 0.00C0] 0,0017| 0.0034| 0.0068 0,002 0.0136
8 0.0000{ -0.60119| -0,0022] -0, 0043 -0,0065] -5, 0086 0,0003( 0.0019] 0,0038{ 0,0076( 0,0114f 0,0152
12 0.00001-0.0010] -0.00191-0.0039} -0, 0058{ -0,0078|| 0.0000§ 0.0020] 0.0041| 0.0082| 0,0122| 0.0163
16 0.0000] -0,0008] -0,00761-0,0031f -0, 0046(-0,0062} 0.0000] 0.0022| (,0045| 0.0089 0.0134] 0.0178
18 (. 0000] -0.0008i-0,0015}~0,003171 -0, 0046( -0,0061} ©.00009 0,0022) 0,0044| 0,0088} 0,0132f 0.0176
APPROACH CONFIGURATION Cn
M=0, 0.4
KF = KF =1
0 3 Z & ¢ ] 0 1 2 4 L 8
s}
0 0.0000{-0 0073]-0,0045]-0.0093}-0.0140[-0.0144]| 0.0000| 0.0003] 0.0008| ¢ 0313 0.0029] 0,0068
2 0,0000{-0.0024| -0,0047}-0,0087[-0,0135]-0,0151|| C.0000( 0.0003] 0.0008] 0.0013] €.0029| 0,0068
L 0.0000(-0,0025] ~0,0047]-0,0088}-0.0137} -0, 0154 9,0000| 0,0003F 0.0008| 58,0013 0.0029} ©,0068
8 0,00001-0,0021)-0,0040]-0,0083{-0,0114[ -0,0123/ 0.0000} 0.0003| 0.0008| 0.0013) 0.0029} 0,0068
1?2 0.,0000] -0.0018§ ~0.0034] -0, 0069} -0,0089) -0,0107} 0.0000] 0.0004) 0.0070) 0.0020] 90,0034 0.0070
16 0.0000|-0.0008) -0.0018]-0.0042[ -0,0064] -0, 0080{ 0,0000( 0.0010} 0,G018] £.0030{ 0.0044} 0.0064
18 0.0000;-0,0011] -0,0021| -0, 0048(-0,0076] -0.0103}f 0.0000] 0.0005( 0.0012| 0,0018] 0.0023| 0.0030
20 0.0009]-0,0021] -0.0031{-C 00537 -0.0074(-0.0067]] 0.0000{-0.0006{-0.0001| 0.0007] 0.0016{ 0.0024
22 0.0000)-0.0074) -0.00471-0.0075| -0,0094( 0,0115]f O 0030]-0,0010! -0,0020]1-0,0070{ -0.0012] -0,0085
Zh (1,0000)-0.00/4) -0,0048}-0,008k] -0,G7119) -0,0146( 0,0000]-0,0077]-0,0024(-0,0037F -0.0046] -0,0048"




24

Table 7

Er FOR BOTH CLEAN AND APPROACH CONFIGURATIONS

BODY AXES
M=0, 0.4 M=20.6 M=20.8 M= 1.0
KF = KF = ] KF =0 KF =1 KF =0 KF = 1 KF = (0 KF =1
0]-0.0292 0.0000 -0,0292 0.0000 -0.0292 0.0028 -0,0292 0.0276
0.0185 0.0522 0.0185 00,0522 0.0185 0.0550 0.0185 0.0703
3] 0.0710 0.0985 0.0710 0.0985 0.0710 0.1065 0.0710 0.1191
12| 0.1247 0.1466 0.1247 0.1495 0.1247 0.1533 0.1247 0.1803
16] 0.1795 0.1969 0.1795 0.2021 0.1795 0.2094 0.1795 0.2596
20| 0.2410 0.2626 0.2410 0.,2704 0.2410 0.2884
24 0,4284 0.4485 0.4284 0.4581
Table 8
nr FOR CLEAN AND APPROACH CONFIGURATIONS
BODY AXES
M=0, 0.4 M=20,6 M=0.8 M=1.0
N | =0 |-l |Kp=0 [Kg=1 Ky =0 K =1 [K;=0 1R =1
-0.1630 | -0.3380 [ -0.1630 | -0.3380 | -0.1475 | =0.3610 | ~0.0491 | -0.2626
-0.1430 | -0,3380 {-0.1430 | -0.3380 1 -0.1393 | -0.3610 | -0.0409 | -0.2626
81-0.1916 | ~0.3390 | -0.1916 [ -0.3390 | -0.1634 | =0.3610 | -0.0540 | -0.2714
12 § -0.2136 | =0,3610 | -0.2010 | -0.3610 | -0.1830 | -0.3661 | -0,0670 | -0.3311
16 { -0.3070 | -0.4267 | -0.,2832 | -0.4267 | -0.2400 | -0.4231 | —-0.0800 | ~0.,4058
20 | =0.4784 | -0,5689 | -0.4529 | -0.5689 | -0.3739 | ~0.5500
24 | -0.7181 | -0.7769 | -0.6938 | ~0.7767

s

r
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Table 9

Qp FOR CLEAN AND APPROACH CONFIGURATIONS

BODY AXES
M0, 0.4, 0.6 0.8 1.0
o
0 -0,1258 -0.1258 | -0.1368
-0.1422 -0.1641 | -0.1851
8 -0.1597 -0.2025 | -0.2334
12 -0.1772 -0,2408 | -0.2817
16 -0.1936 -0,2792 | -0.3300
20 -0.2111 -0.3175
24 -0.2276
Table 10

np FOR CLEAN AND APPROACH CONFIGURATIONS

BODY AXES
Ml o, 0.4, 0.6 0.8 1.0

o

0.0120 0.0180 | 0.0503

-0,0059 0.0000 | 0.0328
8 -0.0175 -0.0115 | 0.0212
12 -0.0219 -0.0159 | 0.0168
16 -0,0214 -0.0154 | 0.0180
20 -0.0167 -0.0107
24 -0.0081
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Table 1l
BCQ
CLEAN CONFIGURATION 3E
M| G, 0.4 0.7 0.9 1.0
o
o {-0.0831 | -0.1050 | -0.1075 | ~0.1178
-0.0831 | -0.1050 | -0.1075 -0,1178
8 | -0.0831 | -0,1050 | -0.1075 | -0.1040
12 | -0.0831 | -0.0962 | -0.1075 | -0.,0903
16 | -0.0831 | -0.0875 | ~0.0975 ~0.0765
20 | -0,0733 | -0.0780 | -0.0875
24 | -0.0638
BCQ
APPROACH CONFIGURATION 3
M|o, 0.4
a
0 | -0.0882
-0.0882
8 -0.0882
12 | -0.0882
16 | -0.0840
20 -0.0760
24 | -0,0638

i
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fable 12
3¢
CLEAN CONFIGURATION ggﬂ
0, 0.4 0.7 0.9 1.0
o)

0 | ~0.0235 | -0.0242 |-0.0273 [ ~0.0352
~0.0137 |-0.0137 |-0.0157 | -0.0202
-0.0040 | -0.0033 | -0.0040 | -0.0052

12 | 0.0055 | 0.0072 | 0 0075 | 0.0100

16 | 0.0152 | 0.0180 | 0.0195 | 0.0250
20 | 0.0248 | 0.0282 | 0.0310
24 | 0.0342

APPROACH CONFIGURATION -

Mo, 0.4
a
0 | -0.0165
-0,0070
8 0.0025
12 0.0122
16 0.0218
20 0.0310
24 0.0406
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Table 13
3C
CLEAN CONFIGURATION EEE
M+io, 0.4 0.7 0.9 1.0
o
0o | -0.0835 | ~0.0860 | -0.0880 | -0.0725
-0.0835 | -0.0860 | -0.0880 | -0.0725
8 | -0.0835 | -0.0860 | ~0.0880 [ -0.0640
12 | -0.0835 | -0.0788 | -0.0880 | -0.0556
16 | -0.0835 | -0.0717 | -0.0798 | ~0.0471
20 { -0.0736 | -0.0639 | -0.0716
24 | -0.0641
3C
APPROACH CONFIGURATION EEE
Mlo, 0.4
o
0 |-0.0835
4 |-0.0835
8 | -0.0835
12 | -0.0835
16 | -0.0795
20 |-0.0719
24 | -0.0604

{r

Chkr
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Table 14
BCL
CLEAN CONFIGURATION -éE—
M| 0, 0.4 0.7 0.9 1.0
a
0 { 0.1800 0.1820 0.1580 0.1250
0.1800 0.1820 0.1580 0.1250
8 { 0.1800 0.1820 0.1580 0.1103
12 | 0.1800 0.1668 0.1580 0.0958
16 | 0.1800 0.1517 0.1433 0.0812
20 | 0.1587 0.1352 0.1286
24 | 0.1381
E}CL
APPROACH CONFIGURATION T

M| 0, 0.4
a
0.1800
0.1800
0.1800
12} 0.1800
16 | 0.1714
20 { 0.1551
24 | 0.,1301

29
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APPROACH CONFIGURATION T

M | o, 0.4
o
0.0054
0.0012
8 -0.0030
12 ~0.0071
i6 -0.0113
20 -0,0157
24 ~(0.0172

Table 15
BC2
CLEAN CONFIGURATION Egu
M |0, 0.4 0.7 0.9 1.0
x
0.0078 0.0120 0.0140 0.0150
0.0034 0.0078 0.0081 0.0084
8 -(,0010 0.0042 0.0044 0.0047
12 -0.0044 0.0005 0,0016 0.0034
16 -0, 0099 -0.0030 ~0,0012 0.0022
20 -0.,0130 -0.0060 -0,0038
24 -0.0110
aC

1]

2]

o

(L

[{]



Table 16
aC
CLEAN CONFIGURATION 325
M| o, 0.4 0.7 0.9 1.0
o}
-0.0504 | -0.0574 | -0.0607 | -0.0615
-0.0504 | -0.0574 | ~0.0607 | -0.0615
8 | ~-0.,0504 |[-0.0574 | -0.0607 |-0.0615
12 | -0.0504 | -0.0574 | -0.0607 | -0.0615
16 | -0.0504 |-0.0574 | -0.0607 | -0.0615
20 | ~0.0504 {-0.0574 | -0.0607 | -0.0615
24 | ~0.0590
aC
APPROACH CONFIGURATION 523
M|O, 0.4
0
0o |-0.0458
-0.0458
8 | -0.0458
12 | -0.0458
16 | -0.0458
20 | -0.0458
24 | -0.0549
Table 17
acy
CLEAN AND APPROACH CONFIGURATIONS T
~\\\\\\\\£1\\ 0, 0.4 0.7 0.9 1.0
Configuration
Clean 0.0795 {0.0820 | 0.0834& | 0.0943
Approach 0.0714
Lo e ]

31
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Table 18

FIN EFFICIENCY KF

M 0.2 0.4 0.6 a.8 0.95 1.0
Hmetre
0 0.970 0.900 0.800 0.686 0.592 0.561
3000 0.980 0.924 0.849 0.759 0.679 0.652
6000 0.989 0.948 0.890 0.822 0.758 0.735
9000 0.995 0.965 0.925 0.876 0.826 0.807
12000 0.998 {0.979 0.954 0.922 0,886 0.870
14000 0.999 0.986 0.969 0.945 0.918 0.905
Table 19
RUDDER EFFICIENCY KR
M 0.2, 0.4, 0.6 0.8 0.95 1.0
metre
0 1.000 0.725 0.393 0.203
3000 1.000 0.787 0.519 0.368
6000 1,000 0.844 0.629 0.516
2000 1.000 0.893 0.727 0,643
12000 1.000 0.933 0.811 0,759
14000 1.000 0,953 0.854 0,815

e
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Table 20

CONTROL HINGE MOMENTS

Elevator
M BCHn BCHn aCHn
do an o
v} -0.185 ~0.367 ~0.167
0.4 -0.185 -0.367 -0.167
0. -0.185 ~0.367 -0.167
0. -0.095 ~0.367 -0.185
0.955 ~-0.214 ~-0.608 -0.333
Aileron
M BCHE aCHE BCHg
Jc an 9E
0 -0.480 ~0.170 ~0.,400
0. -0.,480 -0.170 -0.400
0. -0.480 ~-0,170 ~0, 400
0.8 -0.480 ~0.170 -0, 400
0.955 -0.656 -0.387 -0,545
Rudder
M aC aCHQ
oR 9L

O -0.240 0,300

0.4 -0,240 =0.300

0.6 -0.240 =-0.270

0.8 -0.240 -0.230

0.955 -0.405 -0.323

33
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SYMBOLS, DEFINLTIONS OF DERIVATIVES AND REFERENCE DIMENSIONS

et [}
mm"xj?qm J.‘L‘ﬁ:ﬂ ::l.'..‘tj',_1

Lo T R A S T

Symbols
drag coefficient 3
Jov's
H
rudder hinge moment coefficient ZC
|
3pV SRCR
elevator hinge moment coefficient zn
ipv ScCg
N
aileron hinge moment coefficient 5
1if coefficient 5 V7S, ey
JovTs
side force coefficient >
1pV°S
, . . £L
rolling moment coefficient ——y—
$pV7Shb
. . . M
pltching moment coefficient 5
10V Sec
yawing moment coefficient —
] VZSb
drag 2P

altitude
rudder hinge moment

elevator hinge moment

aileron hinge moment

aeroelastic fin efficiency

aeroelastic rudder efficiency

lift

rolling moment

pitching moment

yawing moment

reference areas of wing, aileron, elevator and rudder

span

aerodynamic mean chord, aileron chord, elevator chord and

rudder chord
rate of rell
rate of prtch

rate of yaw

(3]

[

(»



.)

-)

Symbols {Contd)

o angle of incidence
B angle of sideslip
C rudder angle
n elevator angle
£ aileron angle
p air density
Definitions of derivatives and their relation
to aero-normalised derivativesl
BCm .
Cm = s =Mq
1w
AL L
ac
SN R
BCn .
2 R
n = 3Cn = 2N
r 5 rb T
2V
ac o
zr=3§b_ - 2L
v
n = 3Cn = 2N
P Nel) P
2V
aC y
RP:aE’E = 2L
2v
Reference dimensions
5 = 448 sq ft
b = 25 ft
c = 21 ft
Aileron reference volume SACA = 67 ft3
Elevator reference volume SECE = 110.5 §t3
Rudder reference volume SRCR = 16.56 ft

CG position:- 154 in forward of datum, on the body datum.

35
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Fig.10 Low-speed Cy v §. Clean configuration Kg=1
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Fig.17 Low-speed C v. . Appraach configuration Kg=1
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Fig.27 Aeroelastic fin efficiency, Kg

NRRY £ NNNYRE R ]
TR R TR e A




Fig.28 Aeroelastic rudder efficiency, Kp

34 1t I "
- -+ -5
11 H s
o L 1211
: =
F
[
TH
i
1] IaH n ] PTTT
T F1 1 1 T 't T
-+ HREES NS 0 1 11 117 {
v
481 -
v £ n . gy Anins H mw
kSR ] ] . i
-1 ‘ i 1
o _.1.1__-;. s - T . -
1T .
A8 R . 11 p
3 ENENY Anuy ] 111 -
B / 1 T
:: |41 —-l-'- - -1'\- 111 -4+ -f
- ::"‘__ iS T T 'l 1
[ ] 1 Trit i Sandnmm -+
‘}_ 44
1 T 1t
‘-1_- dnflw 1 -
ot R +
T PO -
HH- - Ht HH-HEHH H3 L
15 : :
- +11 N
RERR N __-:}- 444 P .
HE I 1] T H y
e
EENEEL AL - T - 1
5 T BT e A MNEddE::
+ endglusdn 3 4
1] _:.lt_q :A"1;:1 bt ] |11 I T
. Y P EHBAREROTH B R _[m‘ -
R e R e it
I THEAT HH HH i
T
£ 1 N SENENRE 1.
i.|.. EyyEpan : f_ L1 T A T
[PLEET SO . J4
ij HHTHTHTA 1 1 ] :

‘)

()

o

»

(b



)

"

'Y

-

w

”J } N ] ] 4 M T HH LL 4+ 1 T q_f- -
AT 13- RN ST L | 1 ANEER } -_J L LT3 13T
JIA L - - 1L p [T 34T NEEEEEE A EHH I THI A
FEREENRARRRYREE T 1 aEaw UNNENNR NN EERR NERARN AR SRR PENER R NN
RAdhaRgugn 171111 O L LEEE T T 1]

H RS :T‘: L1 4D H t..__-:.-:-h[ﬂ. Hi T H HA " LT s RN
SHTETH B L F b R R R S R T T hgunnddbags 1T
CLITIAT ARJEEERYSNNEEENEERY NN . ENBRENENS NN IR [T

—_ dt—t +F-r-p +4- - te — - . +—4
7 NENREANIuENNEgNRAY RS T s

T 'y g T Blg T [TE qm

n NER; T A T -
ST g T T T T R SEwaRN
T H- g 11 L - SpEaN It T |5
T perirpd I HET -
T TPy =4 A% ngn

1110 3 PENE RN AREN

T IEaT 1 1] P11 ﬂh\‘g ] T T
HiD2 N T
T RON T i1 IRNEN
T T ]
e ppasyEN '] [°]
g - +H N
1+ +1 H-+14 H
T T LT (T 13 TITETI I ey y 1 T.1d
+
1111 1 "l”“ rs 1T 11711 11T 17 N“—" T .
by

T aél T i sRRRaP RERY ARABERRERS T
1117 N

L1 Al RyEpES 144 H--Hed L) R 4]
T34 101 | | 1Peniacha T T
L R TS N
. | = ---ui'— TN -+
e 1] HuREEEN ]

I \

e ,"L:{ ERRNENNES NN SN 1r
T [ AW

4 T4 RN HARNONERNE PNEEY NN 1 TIr ]

- 1 4 1| = 4ftn - e —t—t 114 41 “r
gyt _ TN R
HiH1] 15 T P BT

SN - - bt vt - i

» o (T
b 4 13T -
FTQ 5
AN EAN SRNGE 1::1
SEafnn anfdnrysy =
J-4- 441 1 LK) g
H r =1 T
nifjSNRgEEE RN N RN u T ST T redita sgree Wittt
A + AA M8/ 2t M = 07 TH
111 7t CEortnt 4 4 L
FHE e act o T _
EERERERg NN ---a;.\‘_ T FHA HHHH
JIME I g =& NI 11 ANERE
LT TR AEguEN IR NEE
HHEH T I [ TN
e My 4 " o EANES N
™
T O AT 13 -+ L 1L N
I- T T Tt ]
BEERRENED .
. 44 =
1 ""M“‘ _—: -1 T i it _--—-<-j:-— A NANERRENE NS -+ +1+ ¢ §- 1 -1
REANERGNGNNNEE ITOT RANS N 1 "
U 1l L 1 DA
1T NEguERy YRS H LI [ I 1
] HETTHTRR A AR AR s Ft e H B

Fig.20 Elevator hinge moments
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Fig.31 Rudder hinge moment

(»

%]

EEEEN
— . HH N
+ T I N [} 11
1 I-1p 3 NS T T 1 Ll i~
__ Frr T NSEE N
T 3 an w.l% ) f + - '
: ut o NeEmamEAes
- . E 1 ey
] = t + : Y nYy H
it ] -t t . - T
L ) T : " P ]
— T T [N N L 1T
: g T ; + - - naEtus
L s T ot -t T AR it it
I 1 T i T (R R NS R e, ;
M .Ju i J.IW.]T 1 ; W’W.r o + 1“ H_ qm h_‘lw
: P T 7 A .r.l_ L -
: _ T i e e e T
H- I~ T T I -] Ry HE Y L -
1 M. Mu« 1 .j: _1,__. M e
e !
HHH ARRE R - ey | R BH B .
T + Tl 4 M .,LL.I‘.‘M : .A ARRS] 1
1 ! - T Pl I -+ T T i - 4+
. _ ] 1 i 1 e ' R O g
it T [ T |} + [ ; : H 4
T 3 i T T N 1 .l RN 1 t —+ : T1 ity
jae AnsEnstaas BARRRERE o T Saaitanstin
Lo 1 — T 3 - R T T i i
T iases T sslamis R T
1 Hm T 1 s 7 =T [ T oo
T i ) 7 T T t 1T - r T A 1 TIT T T ,IE.LI
T rLI.!H T | i - T . . S e J,L.__w ,0_(_ 1 L T.-Jl_lﬂ!;.llh
et .lLJJ I A A ARt e RN E L e o PO
_|_q 11 I T rr i L —t * - - : —H L ._ 4
L) qm + —" hljlv 11 T = T 1 [ \
: 5 = qurhﬁrl — e -y b Y AT PO e S
+ ; B I ; = M R o
; 1 11 N ' — ;
. : w. 1 t LL a—___ .-n— .«u T A_\Mﬁ M BPEN T L_.IT_.;J_.\ 1 ”“ 1 ““H“H
i T =4 ) 3 T e | T 3
— ¥ r T ' T LLlT.L\”+L.. T uﬂuﬁ_ - " =
Sitagisesicen asRRaRER 2% = Eemen i Sey Seean aieegne e e oo S
- e HC - g : t —T T
_f+ T T =T - =+ i.l..ALrn.. _llT.._ﬂ..H X b S{Illhlcu..,l
as . A - e, e — , T 1 et
paamEas: SaEt EERSS aans S qoEedTaEes svaas Reuad nymet it
11 T + —— MRS SN el . - o fvonstm s
ISR TR ] A=t ! [ i > ’ - — t :
MI_JIH L.Lﬁ— L — .m P - LrT.TT\..#..h.T e [t a mas :
T iy 1Y KT - N e 4 1 o I d_ H
jjﬁl\h 1 M _.I.“o.l _D._ + ==ttt _H.ﬁ 1 1 .IT_.L.
H 1 r ; 1
e o font ; e AN Y T
T o 1y RSNy E N E R IS
= o H S o e T
- I
]__ i+ i LS L L R ; - 1t Wm,u_“ul I
FER = M.Wl _T WWW < 1 NN . 1 S + t T
! ; 1 b a T R SRR — T T ] H1~.4~.ﬁ4 e 4
H | 4 N T T ufn_ - $ I YRR RN ;
L 3 L IRE WEERY i T
bt 1 S - - : Ba
3 Rt ssasa i2eit HEpH Eraassazas “
_ o ; i N : Y
[ { L T 1 1T M) ol DA
X [ T T ; T FET :
e 1+ T SRS U N 7
f [ H.L_. J_ _L = O LT _,m [
] o I [N 1 .FJ.IANMI i i L w 4 1
- I * T+ S T g I.m
Lt M L RBESSEEAE e, T i ; P
HT 7 nman mu Enam e aha PuBSeEn ake
h T [ DU
e SaNmasoE il RESNSESadssad s S TR e
_J.I.:wﬁ _4 _—__.um. _IdL_. Ty .uﬂ f- t W 1||h_ 4 [ =4
P : — In] - T — T - i . e
T A as C . LSS R O By s nevy
- = T ¥ . - '\.”l -
T i e S - = = 5% Siern &
oy i e [ v - R S bavi - - =i w
Lt - R f I‘IrF i T N Jlnn_ll : - oyt :
M 1 - 11 + + !
fni 1 1 LW NN -t 1 I ! 1 : r ; =
: T B T g ﬁﬁwﬁr } ! ] | AR
i PR F Eeaxinass RRaE siRdun H
3 a3amsas SRRENESuAS isssunse
T

LV

Roval Awcraft Establishment, Farnboraugh Dd 503427 K4. 8/72

Printed i England for Her Mujesty s Stationery Office by the






i !
I | E e
f ARC CP No 1230 533 6.013 - o ®
§ December 1970 5336011 32 b B2 555
§ 5336013 47 ! 2 8%
F' Holford, Dorothy M 533 6 048 1 l g 5 2%
! g oG
.  AERODYNAMIC DATA FOR THE BAC 221 UP TO A ! '§ O x cu? 5g
MACH NUMBER OF (955 AS MEASURED IN ! 2% E o
WIND-TUNNEL TESTS | gsE Sgdg
 3ig st
| =) o 3
' The results of various wind-tunnel tests have been used to produce a set of aerodynamic | 2 g "E‘ ;‘Eg 22
| data for the BAC 221 at Mach numbers from 0 2 to 0 955 The data have been reduced | = 3 E 3= 7T
to the reference condition used by BAC, viz 8§ = 448 sq ft and a CG position 154 n ) g,__ t BESBS
forward of the datum, on the body datum Data for both clean and approach configura- | a2= 3 ?:.E Y
tions are presented. ' 988 w38
1 ' g§s 9822
b o E‘E 'g s :“5
) HES S528p
i 23E ws3gt
| °92 £928
) 253 SBpe
. ﬁ 58 poggd
SE AxsSS
;
: — — _ - -_— i — Cut here . —
! i
F' F
ARC CP No.1230 5336013 4 ARCCP No 1230 5336013 :
December 1970 533601132 ) December 1970 533601132 '
533601347 af 533.6 013 47 i
Holford, Dorothy M 53360481 1 Holford, Dorothy M. 5336048.1 ;
B!
AERODYNAMIC DATA FOR THE BAC 221 UP TO A ¢ AERODYNAMIC DATA FOR THE BAC 221 UP TO A X
MACH NUMBER OF (955 AS MEASURED IN y»  MACH NUMBER QOF 0955 AS MEASURED IN !
WIND-TUNNEL TESTS . WIND-TUNNEL TESTS :
}
The results of vanous wind-tunnel tests have been used to produce a set of aerodynamic . The results of various wind-tunnel tests have been used to produce a set of aerodynamic !
data for the BAC 221 at Mach numbers from 0 2 to 0 955. The data have been reduced ¥ data for the BAC 221 at Mach numbers from 0.2 to 0955 The data have been reduced |
to the reference condition used by BAC, viz. S = 448 sq ft and a CG position 154 m ! to the reference condition used by BAC, viz S =448 sq ft and a CG position 154 1n '
forward of the datum, on the body datum Data for both clean and approach configura- i forwatd of the datum, on the body datum Data for both clean and approach configura- ]
tions are presented 1 tions are presented }
! i
i !
i }
| f
] I
| i
: l
! 1
— _ — — — | - — —_ —_ — :_ — . Cuthere — —
DETACHABLE ABSTRACT CARDS i DETACHABLE ABSTRACT CARDS |
) i
i \ -
i . 1
1 i
i , [
i i
| |
; |
_____________________________________________ b o e e e e !
| T T T T T T T T T T T T T T T T T T T s e s s m e - - TFT T T T T T T T s
1 |
i |
1 |
"y o) i -, i4 1Y) | . 0 «)



:

)
T T O I T el B il

0

—r—

A}






C.P. No. 1230

© Crown copyright 1972

Published by
HER MAJESTY'S STATIONERY OFTICE

To be purchased from
49 High Holborn, London WC1 V 6HB
13a Castle Street, Edinburgh EH2 3AR
109 St Mary Street, Carditf CF1 1JW
Brazennose Street, Manchester M0 8AS
50 Famrfax Street, Bristol BS1 3DE
258 Broad Street, Birmmgham Bl 2HE
80 Chichester Street, Belfast BT1 4JY
or through booksellers

C.P. No. 1230

SBN 11 470788 X



