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SUMMARY

i

The aerodynamic characteristics of a spinning 105 mm shell
shape have been measured as a prelude to tests of a shell shape
fitted with canard control surfaces. Tests were conducted at
incidences of zero to 15°, and Mach numbers of 0.70 to 0.9%5 and
1.4. Results indicate that the use of canard surfaces to
control the flight path of such a projectile is unlikely to be
very effective within the low transonic Mach number range, bhut
could possibly be effective in supersonic flight.
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1. INTRODUCTION
The work reported here was conducted as a preliminary step in a program to
assess the feasibility of using canard controls cn a spinning projectile to
control its flight path, and hence its point of impact. The projectile shape
chosen was the 105 mm H.E. M1 shell with M557 P.D. fuse and the tests were
designed to provide a data bank for comparison with later tests of a canard
equipped shell shape. The test programme also provided the opportunity tic
develop the equipment and techniques needed for this type of work.

The basic equipment for the wind tunnel testing of rapidly spinning models
already existed as a result of a Magnus research project some years earlier,
and this equipment was modified as necessary to accommodate the new model and
new data requirements. The tests were carried out during September and November
of 1977, and since no significant problems occurred, considerable confidence was
gained in the equipment and techniques used.

2. EXPERIMENTAL DETAILS

2.1 Model and balance

The model used was a half scale model of the 105 mm H.E. M1 shell, fitted
with an M557 P.D. fuse. Production drawings were used for all dimensions,
except for details of the drive band, which were obtained by direct measure-
ment from a fired shell.

Figures 1 and 2 show the model and the balance assembled, figure 1 show-
ing the internal details of the drive and roll rate measuring system. In
figure 2 it may be seen that the direction of the rifling grooves on the
drive band is opposite to that on the full size shell. This is because the
roll drive motor operates only in the opposite sense to the rotation of the
full size shell. Consequently, all roll rates in this report are negative
and Magnus forces and moments are of opposite sign to those existing on the
full size shell.

The model was mounted onto the shaft of a sliding-vane type air motor,
which incorporates an air-bearing for low frictiom radial support, and this
then fitted onto the end of a strain gauge sting balance. The high pressure
air for the motor was supplied through the hollow core of the balance, and
the low pressure air for the air-bearing through two thin tubes taped to the
outside of the sting. The roll rate of the model was monitored by a “'hall
effect" sensor, mounted on the sting and triggered once each revolution by
a small magnet on the model. Control of the roll rate was effected by vary-
ing the pressure of the air supply to the motor.

Since spin rates of up to 330 r/s were required, careful dynamic balancing
of the model was necessary before commencing wind tunnel testing. This was
accomplished outside the tunnel with the model mounted on the strain gauge
balance and the balance outputs monitored on a CRO screen. Observation of
the amplitude and phase of the outputs as the model was spun enabled the
positioning of small masses on the outside of the model to compensate for the
imbalance observed. These balancing masses were then translated into inter-
nal masses, which were fitted, and then the model spun again as a check.
Excellent balance was obtained, with only one fairly "noisy" resonant area
at about 125 r/s, corresponding to oscillation about the front cage of the
balance. This spin rate was therefore avoided where possible during the
wind tunnel tests.

Experimental procedure

All tests reported here were carried out in the 360 mm x 380 mm slotted
working section of the continuous flow wind tunnel S-1 at the Aeroballistics
Division of WSRL. Data were obtained for the subsonic Mach number range of
0.70 to 0.95 and also at a Mach number of 1.4.
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2.3

A Reynolds number of Rd = 3.9 x 10° (based on maximum body diameter) was used

throughout the tests, this being the highest Reynolds number attainable for
the complete range of Mach numbers without overloading the balance. This
compares with flight Reynolds numbers which are typically 1.0 to 2.0 x 10°.
A boundary layer trip, shown and described in figure 1, was included to
ensure a turbulent boundary layer over the shell body, to simulate flow
conditions expected at the higher Reynolds numbers of the full scale shell.
The experimental procedure consisted of establishing the required tunnel
flow conditions, setting the required model roll rate by adjusting the motcr
supplg pressure, and then conducting a pitch traverse of the model from -4°
to 157, taking data at one degree intervals. For the tests at zero roll
rate 1t was found necessary to shut off the air supply to the model air bear-
ing, otherwise the torque generated by the grooves of the driving band was
sufficient to produce a small steady roll rate. With no air supplied, the
friction between the air bearing surfaces prevented the model from rolling.
For consistency, all non-rolling tests were conducted at a constant roll
orientation, chosen to be with the fuse delay adjustment screw hole on the
windward streamline. Brief tests at other roll orientations, however, show-
ed no discernible differences in the measured forces and moments.

Accuracy of results

The results consist of aerodynamic force and moment coefficients at given
Mach numbers, Reynolds number, incidences and roll rates. The sources of
error and the accuracy applicable to each item are discussed below.

(a) Force and moment coefficients

These were obtained from the electrical outputs of the strain
gauges on the sting balance. The major sources of error are in the
balance calibration and the dynamic effects of the spinning model,
i.e., vibration and the discharge of exhaust air. Under static
conditions the balance is capable of measuring forces and moments to
an accuracy of 0.1%. No attempt was made to calibrate the balance
under dynamic conditions, but comparison of spinning and non-spinning
tests with no tunnel flow indicated that discrepancies were small,
generally less than 0.5%. A reasonable estimate of the maximum
percentage uncertainty in the force and moment coefficients would
therefore be 15%.

An absolutz uncertainty also exists in each force and moment
coefficient, arising mainly from the resolution limits of the measur-
ing system, balance temperature changes, and noise levels in the
balance outputs. This uncertainty is variable with Mach number and
incidence, but is of a maximum order of 0.01 for all coefficients.

(b} Much numbers

The Mach number is manually contreclled from observation of the
stagnation pressure in the settling chamber and the static pressure
in the working section. Mach numbers are held to within 0.01 of the
nominal figure, and this is also the level of spatial uncertainty in
the centreline Mach number of the working section. Nc corrections
have been applied for the effects of blockage.

{c) Reynolds number

The Reynolds number is derived from the Mach number and stagnation
temperature of the air flow, and since the stagnation temperature
varies somewhat during a tunnel run, the Reynolds number varies
correspondingly. For all tests reported here the Reynolds number
was within the range (3.9 £ 0.1) x 10°.
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(d) Incidence

The combined effect of errovs in support attitude measurement and
sting bending corrections produces an uncertainty in attitude measure-
ment of less than 0.01°. However, airflow direction on the tunnel
axis is uniform only to within 0.2°, so that this is a more realistic
estimate of the uncertainty in the incidences quoted.

(e) Roll rate

Roll rates were obtained by using a counter to display the total
number of pulses received each second from the model, which generated
one pulse per revolution. All data were taken only after the model
had reached a steady roll rate, although small changes inevitably
occurred as the incidence was varied during a run. The roll rate
given for each data point is therefore accurate to within 1 r/s
(6 rad/s), but the approximate roll rates for an entire run may have
uncertainties of up to 3 xr/s (19 rad/s).
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3. PRESENTATION AND DISCUSSION OF RESULTS

3.1 Presentation of results

Results are presented in tabular form as Tables 1 to 7, and also in graphi-
cal form as figures 4 to 10, where selected results have been plotted to
: illustrate trends as a function of incidence, Mach number and roll rate.
Figure 3 shows the axis system used throughout, the origin of the system
being positioned at the nominal centre of gravity of the shell, i.e., 2.97
. calibers from the nose tip.

The tabular data are presented as 'raw' computer output, and so must be
interpreted with some care. In particular, centres of pressure are derived
from the division of a moment coefficient by a force coefficient, and so are
subject to large errors as the force approaches zero.

Figures 4 and 5 show that normal force and pitching moment are continuous
functions of incidence up to 15° for all Mach numbers, indicating that no
sudden changes occur in the cross-flow pattern within this range. Also of
interest is that spin rate has very little effect on the normal force and
pitching moment. This is further illustrated in figure 6, where normal
force and pitching moment are plotted against non-dimensional spin rate

U; 5-%%:) for various Mach numbers and incidences (typical flight values of

pithit |.uum....L.| il ||vu|ulm ul il ml!uunul i nmhml]..

i |||\ R e

rttih:

non-dimensional spin rate are within the range 0.14 to 0.20). The centre
of pressure in the pitch plane is plotted in figure 7, which shows that for
subsonic conditions, increasing spin rate tends to bring the centre of press-
ure back from the nose, especially at lower incidences. Figure 7 also shows
that the subsonic centre of pressure is well forward, generally less than one
caliber from the nose, and in some cases even ahead of the nose. The centre
) of pressure also varies considerably with Mach number and incidence, being
furthest forward for transonic and low incidence conditions. The supersonic
centre of pressure is further back (approximately 1’ calibers from the nose)
and is less variable with incidence and spin rate.
Figure 8 shows the effect of incidence, Mach numter and spin rate on the
: side (Magnus) force coefficient. In general it shows a relatively linear
] increase with increasing incidence and spin rate, though with some scatter,
thought to be due mainly to the difficulty of measuring the relatively small
forces involved. However, at transonic conditions this linearity is lost
at the higher incidences, where increasing incidence reduces the side force

and may even reverse its direction.
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3.2

Figure 9 shows the yawing (Magnus) moment coefficient and its variation
with incidence, Mach number and roll rate. The proximity of the yaw plane
centre of pressure to the origin of the axis system results in the yawing
moments being very small, generally of a similar order to the level of uncer-
tainty in their measurement (0.01). Trends are therefore largely submerged
in the noise level except for high subsonic conditions (Mach 0.9 and 0.95)
where the non-linearity of the Magnus effects with incidence is again evident.

Figure 10 shows the variation of the force and moment coefficient deriva-
tives with Mach number (at zero incidence). Generally spezking, they show
the tendency of relatively gradual change at moderate subsonic speeds, more
rapid change at transonic speeds leading to extreme values, and a return to
more moderate values at supersonic speed. As has already been noted, the
aerodynamic characteristics of the shell shape are significantly non-linear
at high incidence, and so the derivatives given in figure 10 ars valid only
at low incidence, i.e., less than s°.

Implications for the use of canard controls

Results indicate that the use of canard surfaces to control the attitude
and hence the flight path of a 105 mm shell is unlikely to be very effective
within the transonic Mach number range. This is because the centre of
pressure in the pitch plane is situated very close to the likely canard
position, and is highly variable with variations in Mach number, incidence
and spin rate. The canard normal force required to produce trim at inci-
dence will therefore be almost equal and opposite to the body normal force,
and so the resultant normal force at trim is likely to be small and highly
variable with Mach number, incidence and spin rate. Side (Magnus) forces
are also small and are non-linear at high incidence and high Mach number.

Canard controls could possibly be effective in supersonic flight since
the centre of pressure is then further back along the body and much less
sensitive to variations in incidence and spin rate.
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NOTATION

e Z
normal force coefficient = —

qs
Y

side force coefficient = 73;

pitching moment coefficient = 7%%;

n

yawing moment coefficient = -aga-

position of centre of pressure in the pitch plane, forward of
cg is +ve

position of centre of pressure in the yaw plane, forward of
cg 1s +ve

derivative of normal force coefficient with respect to
incidence = dC_/du

derivative of pitching moment coefficient with respect to
incidence = 3€E[3a

double derivative of side force coefficient with respect to

roll rate and incidence = 0° Cyfap' da

double derivative of yawing moment coefficient with respect to
roll rate and incidence = 9°C /op 3

Mach number of free strean

Reynolds number of free stream, based on maximum body diameter

maximum body cross sectional area

velocity of free stream

side force

normal force

maximum body diameter

pitching moment

yawing moment

roll rate; clockwise from rear is +ve

non-dimensional roll rate = gdua

dynamic pressure of free stream

incidence angle relative to free stream
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TABLE 1. AERODYNAMIC COEFFICIENTS, M = 0.70

CZ Cm Cn C.P.y p(rad/s) P!

G003 UelC?2 =062A3 ~0eG01 ~Qe41l 0+.—040000
Ce (003 06073 ~041°91 =0eu}1} ~()e3A1l Ne=De 0000
Ce002 Ve04%H —=Cel?0 =000GC -0al2 0s—0e0000
Ge002 06018 =Qe04R (00U Cela Ce—040000
Ce002 —-(e011 0026 0001 GeS7 0+=040000

2521 (e0C2 =C e039Q 0eOOR 0001 G e RO OCe=0e40000
2e34H 0e001 =-GL058 Del72 Ge Q02 1448 0.~0s0000
24563 Ca001 =0e0Q5 Qe242 GeQC? 1 e8a 0+=060000
2¢523 Ce001 -0e125 Ce314 Ce0I2 Pel3 0«—=0.0000-
2 e4HH Ge001 -D4156 03R4 04003 Ie75 Oe—~CeQCOO

ZetZ4 0eC0! —-0,4187 Oe455 CeCGI 5«69 0e~0.0000
R2e3C4 0000 =0e21¢ Ce524 0+003 796 0+—-0.0000-
2 ¢ 350 Ce000 =253 Ge59a 0.G04 1771 0+—0«0000
2+ 3GC Ce0C0 ~-0e287 0661 0904 54410 0s—=0.0000
2252 —(eQCO ~0e322 Ne726 06004 —14 464 Ca—0e0000

201902 Co000 ~Ce362 04793 04008 26433 0«=0.0000
20122 =Ue000 =04402 (eB56 Qo304 =7,85 0sa—040000
2066 =Ce00C =0e445 Q919 (4003 =767 0.=040000
1¢9C81 =0e001 ~0e892 (979 0DC03 =-2a17 0«=0.0000
1010 ~Ce002 —=(e539 16034 GaCCae =122 0.-0:0000

b 4
C.P.Z CY CZ Cm Cn C.P.y p{(rad/s) P

~3e92 24H44 —04006 0s100 —~06265 04015 -2e73 ~942.-041029
~2e91 247606 —04011 0070 =0e192 06009 «0s83 ~936+-0,1022

~1e9C 24826 —0.005 06043 ~06121 04011 =237 ~942.-~041029
=0e8BG 34173 ~04003 0eC15 =0e048 0010 =2489 —9364—041022
0610 14786 (6001 =0e013 04023 04011 1288 -G9264-0.1022
1el2 24339 04002 -0e042 04099 0.009 S¢49 —-936+-041020
2013 24456 G+008 =04070 04172 0,011 1442 =5326+-0.1020

Bellh 2488 Ce010 =06097 04242 04010 098 -9304-041015
4415 24454 04012 =0e127 0312 04008 Oe71 =930.=041013
S5e15 24412 06014 =0e158 04381 0.008 055 «936-0.1020
Hel7 243732 04015 —-04191 0.457 0.005 0e36 —9364-041020
7618 24334 06017 ~06224 06522 04003 Oe18 =-G36.—-041020

BelB 2291 G(e024 ~0e257 04589 04005 0e22 —=-94G+.-0,1034
GelG 4254 04026 =04792 06657 04001 0605 ~9424-0,1027
10620 24202 04027 ~0e327 0721 04000 0601 -94Q.-0+,1034
1121 2¢161 Ce032 —-04364 0787 04005 Oel6 —949+~0.1034
12422 24106 04032 ~04404 0851 04007 0622 -9554-0.1041

13622 24375 04033 ~-0e448 04912 0.006 020 ~-9554-0+1041

14424 14964 04039 —~04495 04971 0,010 0e25 ~955.,~0e1041
15.24 1891 04035 ~0e544 14030 04007 O0el9 ~G55.-0.,1041

(b) p & -150 rev/s
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~3,07
—;’.Q!

-190
-0 89
Gs10
l1el12
213

315
4415
515
6017
7418

8.18
9.19
10.20
11.21
12.22

13622
14424
15424

C.P.

2 eH3R2

PeURG

34179
54097
162R0
2090
24270

20347
2377
24373
24311
2274

2422723
2184
24134
24082
24043

14974
1.9C7
1e838

Z

(c) p = -249 rev/s

Cy

~-0+015
-0«008

-0+4006
-0004a
—-C+001
-0+000

Ce¢005

Os011
0+015
0021
04029
0.036

Ce034
0046
O«044
Ce051
04055

0« 060
0063
Qe 067

-7 -

TABLE 1(CONTD.).

C

0+017
0019

0«17
0+013
0«012
04009
0+008

0+008
0004
0004
0005
0+.004

~0002

0003
-0+003
-0+000
-0.004

0003
0005
04008

WSRL-0090-TR

C.P.y p(rad/s) p!
~1015~1565e-0+41705
~2e35~-156%+~061705

—2e82~1571e~0e1712
=3e35-1571+—-061712
-17.56-1565'-00170§
~22¢75-15654~-0s1705
1e52-1565¢~01705

0e73-1565¢=041705
Ce28-15654-01705
0421-15584-041698
0e16-1558+-0+1698
0¢12-15584—~0+1698

~0406-1565¢-01705

007-15654-0+1705
~0e06-15654-0+1705
~0e01-15584+—0+1698
~0e06~1565+-0+1702

0051565041702
0408-15654-0e1702
0es11-1565¢—041705
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TABLE 2. AERODYNAMIC COEFFICIENTS, M = 0.75

Z Y Z ™ n

a® C.P. C c o C c.p.y p(rad/s) p'

~3495 24592 0002 04103 —04268 -0.001 =—0.32 0+-040000
~2e95 2616 06002 04076 =06197 04000 ~0601 0—0.0000

=1493 24640 04002 04046 ~01273 0001 Oesl 0+—040000
—0e93 2594 (001 04019 =04049 04001 1.02 0+~0.0000
0eC7 2717 0001 ~0:009 04024 04002 2407 O«e=040000
108 24670 (04001 —06037 04099 04,00 357 0e~0.0000
2e¢10 24A59 04000 —0065 Q6173 04003 7499 0e—=00000

B3e12 24627 0000 =04093 04285 Ce003 B.05 0+—-0s0000-
4409 Pe6C1 =0.000 -04120 0313 0eC04 —-16636 0e—00000
S5el1 253G —04000 =064153 04388 0.C04 —-13.09 0+~040000
6e123 24496 —0e000 ~0e184 (4458 0004 ~12440C 0+~040000
7413 26443 04001 ~06216 06528 04005 =8.76 0«—0+0000

£el15 24395 ~06C01 —=04250 0598 040065 =—6489 0e—0.,0000
Qel5 24345 =Ce001 ~0e284 0665 0.005 -5,51 0+=040000
Eg 10.15 264261 =06002 ~04320 0e733 0006 =370 0+—-040000
=4 1118 2225 ~CaG01 =0e359 04799 0006 -—6430 0e=0+0000
| 12,18 24162 -0+002 -0e¢399 0862 04005 =308 0+4—040000
E 12,18 24,002 —GCe003 ~0e443 0927 0,003 -1e13 0e—0.0000.
= 16¢20 24015 =04001 =06489 04985 04004 -5495 0e=0e0000
é%% 1521 14938 =0+002 =0540 14047 0,005 =214 Oe—040000
_i _
'f§ (a) pP= o
] o
= a .P. .P. d/s !
= c.p 7 CY CZ Cm Cn C y p(rad/s) P

=395 24636 —0+005 06103 =0s271 0013 -2446 ~936e=0+0960
! ~2e95 269G =0+008 0074 —06200 0008 =095 -942.~0.0966

= ~1493 24831 -0+002 06045 ~04126 04011 =~6042 -942+-040966
= =093 34051 04002 0e018 =0+055 04010 —6432 ~942¢~0.0966
= 0e07 14706 —04001 =06011 04019 0007 =596 ~949.-0.0973
E 108 24357 04000 =04040 04094 04006 104611 —949¢~0+0973
2410 24455 0005 ~0068 04168 0008 1645 =942+-0+0966

3413 24460 04005 =0.099 04243 0004 086 -955.-0.0979 .
_ /- 4411 24841 04011 -0e127 0311 04006 050 —961-0+0986
= 5413 24329 04014 -06160 04382 04004 0031 -955+-0.0979

g fel13 24360 04015 ~0e192 0454 0.004 026 —9494~0.0973
= Ts16 2327 Ce020 -0e226 0525 0001 005 ~955+—0+0979

. Be15 24286 04020 =04259 06592 —04002 ~0409 -949.-0+0973
G617 2256 04028 =06294 0a664 0001 0603 =9049,:,-00973
1016 22218 04030 =-0e6329 0730 G001 0e04 —94G+-060973
11¢18 24166 04033 =06367 0795 0004 OelZ2 —9494—040973
12419 24112 0033 ~04406 0857 04006 Oel7 =9494—0,0973

13420 24048 04033 -04450 04921 04005 Oeld -955+-0.0979
14421 14979 06037 =06497 0984 0007 020 —955¢—0+0979
15621 14906 0.039 ~-04546 14041 0,008 0e21 ~955+4—-00979

(b) p = -151 rev/s
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TABLE 2(CONTD.).

o .
a c:,P.Z C C C.P. p{rad/s) p'

m n Yy
=395 24815 ~0e271 06016 ~1435-1571e-041611
-2 +948 24974 -0e201 0e012 ~0e94~15714~0e1611

-1.+94 3218 ~0el128 04012 ~2e23=-1571+~0e1611
~0e93 44158 ~0+055 0es013 ~20602-1565e~0+1604
008 l1e261 0s018 0.010 12665-1571e~0s1611
108 2179 0093 0008 2¢18-1565,-0+1604
209 24364 O0¢167 04007 0e85~1%565+-01604

3ell 26432 04240 04005 0 e39-1565+~0-1604
4ell 24432 04311 0.002 0e12-1565+-0+1604
Sel2 24395 04383 -0+001 =-0405-1565.-0+1604
6els 24352 0s+454 0.001 0604~-1565+-0+1604
7«15 24309 04522 ~04002 =0e07-1565+-0+1604

Eel6 24258 04594 ~04006 ~0418-1565:-0+1604
TGelb6 24217 06659 =0¢001 —0+02-1565.~01604
10416 24161 0728 —06006 ~0e14-1565+s-0+1604
1119 2,116 06792 ~04001 —0e01-1565¢~0+1604
12419 24068 0+855 -06001 ~0601-1558.-0+1598

———,

13620 14997 04919 04001 0¢02-1565.-0¢1604
14422 14929 0977 04000 0¢01-1565.-0+1604
15420 14867 14036 0003 005-1565+—01604

!
g
£
H
H
£
£

(c) p = -249 rev/s

e

11 40, P 1

Are




WSRL-0090-TR

=396
-2 96
-1494
-C.9a

0406

1.09
2.08
Jell
4410
Sell

6613
713
Rel5
Gel7
10416

11418
12.18
12,20
144,21
15+22

(@p=o

aO

=395
—2 95

-1.94
-0 e94
0«07
1410
2410

312
4411
Se12
hell
714

8416
Jel6
10416
11.18
12.19

1322
14421
1‘:"\.21

TABLE 3.

C.P.Z
24683
27272
2760
2714
Ko A

2810
24720
2 «682
2¢818R

2e5FA0
2e51€¢
26463
24402
24334

28268
2196
24121
24G47
1e961

C.P.
A
27T
2845

2875
3255
16924
24486
24586

24578
2539
24485
26437
2¢410

2359
2 «305
2e2¢f1
2206
24153

2088
2013
16933

(b) p ® -148 rev/s

CY
0+002
0002
0eG02
CeGO1
C«000

04000
~0000
~0.C00
~0e001
-0.001

-Ce001
-0+001
-CeC0O1
~GCe001
-es002

~0.001
=0.002
=~0.003
-0«000
-G e002

Cy
-0006
-0+004

-04063
0002
04003
0003
0sCOS

0005
0010
04016
Ce0(15
0023

0023
Ce026
0029
0031
0+032

0+032
0.032
0034

AERODYNAMIC COEFFICIENTS, M = 0.80

¢y
GelD4
04075
0eG4asS
0019
~Ce007

~0s036
-04063
~0e60G92
~Gel20
-0el152

-Ge215
- e249
~(+285
-0e326

~0e360C
-0¢400
-0 o448
-0.492
~0Ce543

- 10 -

C
m

=06278 -04C01

-0+204
-0+125
~0+051

0023

0410C
06177
0250
04323
0+ 398

06470
0«540
Oeb614
Ce684
CGe747

0816
CeRR78
De944
1.006
1066

C
m
-0279
-~04205

-0+131
~0e055
04023
0099
0175

0251
0319
0393
04466
0537

06607
D679
Oe748
0+815
0880

0947
1007
1070

G

C.P.
n b4

-0427
0409
068
1e84
6491

04000
04001

0esGC2
0+002

0063 1120
04003177666
06004 -10e21
CeCO04 ~5.91
O+004 ~4 439

D004
0004
O«004
0005
0005

~5«06
-4 ¢80
—3.66
=382
~2+75
C«0C5 ~84 446
0004 -2:84
04004 —1439
0003 -10.29
0004 —1456

C
n

C.P.
y

-1.84
=3e41

0012
0.012

0.011
0.013
0«C11
0009
0.008

—-3:78
6414
4423
275
152

0+004
0006
0.008
0004
0,005

0.91
0«63
0«48
027
0.21

0001
-0+000
0.001
0004
Oe)06

0.03
-De01
0.02
012
020

0008
0.007
0009

0«25
0«24
0«26

p(rad/s) p'
D«=~040000
0«—=0.0000
O«—00000
0e—0 0000
0e=0,0000

0+—~040000
0+—0+0000
O«~0+0000
0+-0.0000
O0«~0.0000

0+—-040000
0e=0+0000
0+—-0+0000
0+—~0.0000
0+—0.0000

0.-0+0000
0 e—0 .0000
0D+—=11.0000
O+e—0+000C0
0:-0.0000

p(rad/s) p'
=G9G ¢=0 0970
~930+=0+.0903

—930.-0,0903
~930+-0+0903
=G930+—=0,0903
~930+-0+0903
=930+~0+0903

=930«—-0,0903
—930+-0.+0903
=~930+—-0.0903
~Q24 +—-0+0897
—G924+—-0.0897

—~9244=0.0897
—930+—0+0903
~024 +=0.0897
~G30+—~0+0903
=936+—0+0909

—930e~0+0902
=G36+~0+0900
—9&2'-6.09;4




il

aO

—3e95
~2¢95

-1.95
-0e93
0406
1,08
2e11

3e11
4010
Sel2
6415
713

8416
Q.16
1Cel7
11,19
12,18

13.22
14,21
15.21

C.P‘Z

24957
34068

3277
44398
1,302
20294
2e435

24533
2+50%
2 +488
2e43%
24376

2320
2272
24219
2167
24120

24043
1975
1897

(c) p ® -240 rev/s

aO

~395
~296
—1.9a
-Ce«94

Ce07

1.08
2411
3e.11
4410
S5e12

65415
Tela
Relb
Q.16
1017

11,19
12419
13.20
14,22
15421

C.P.Z

3.058
34249
3711
6e2C2
0e918

2+086
2316
26394
264328
2426

2e3GE
24344
2283
2212
2s154

24105
2052
1.90Q7
1G25
1+859

(d) p = -312 rev/s

Cy

—-0s018
-0+013
~0.007
=-0+004
~0+002

04010
0009
0017
0020
0028

0033
0037
0+044
0051
0+055

0.061
0+068
Ce071
0072
0075

- 11 -

TABLE 3(CONTD.).

¢

0095
04068

0041
0013
-0.014
-0e042
~0+072

~-0+098
~0s128
-06159
-0e192
~0e226

~0e262
-0+298
~06337
-0e376
-0e813

~CetiH1
-0 e509
~Ce5H61

¢z

04094
0065
0.037
0+010
-0.017

~0045
-0+073
-0.102
-0el130
~0el162

-0+195
-Ce228
~0+266
-0+305
—0e345

—0+386
-0+428
~Ged70
~0+519
~0+571

C
m

-0s+281
-0+208

~0+134

-0+058
D+01R
0096
Cel176

0249
O«321
0395
Ce&57
0537

D608
0e676
Oe747
0814
0876

O0e942
1006
1065

c
m

-0«286
—0e212
~0«137
-0s+061

0016

0093
0169
0+243
Ge317
C«394

O+468
0+535
0«606
0675
OsT744

0812
O«8B79
0938
1000
14061

C
n

0.018
0+014

0014
04012
0.010
0+010
0006

0004
0«C0S5
0.002
~0.002
0.000

-0.0062
-0.004
-0.003
~0.000

O«CO2

0002
0 .(.'O?.
0.004

WSRL-0090-TR

p(rad/s) p'

’1.93"1508.“0.1462
~1642-1508e=041460

C.P.
Yy

—2e¢45-1502+-041454
—311-1502¢-041456
—23+85-15024-061456
2418-1508+—-041460
1e16-15024~041456

0«46—1502-0e1456
0e30-1502+—0e1456
0¢11-1502+~041454
~0e07—-1502e¢-0+1454
0+00—15084-041462

~0.05-1502+.—0e1454
—~0e¢10-1502+—041454
~0e06—-15144—-0e1466
—(e00—-15084—-041460

0¢03-1514+-0.1466

0+403-15084-0e1460
0eD3=1514,-001466
Ga07-1508¢~0e1460

C.P.y p(rad/s) p'

—1400-1967+—01904
~1617-1960s—-0+1898
—2411—-1960¢—-041898
—2+64=1260+.,~0+1898
~4408~1960+.-041898

1¢15-1960+-0.1898
0e57-1960+.~041898
0633~1960.-041898
0+09-1954+-041892
0402-1954,4~04.1889

—0es07~1G54,~0+18RC
—0¢15-1954.-01889
~0e13-19544-041892
—0414~19544-0.1892
—0+417-1960.—0.1898

=0¢11-19604—01898
=0.05-1954.~-0.1889
0e00-1960+-041895
—000-19604-0+1895
0048-1967.-041904
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TABLE 4. AERODYNAMIC COEFFICIENTS, M = 0.85

C.P.z CY Cz Cm p(rad/s) p'

20771 Ce003 010 =0e28A =04001 ~0 e85 0e=~0+0000
2eB322 CeC03 (074 =06211 -0e001 =020 0 e~040000

2 «B87 G002 0s046 —0e134 DeCOG Oe11 Qe=De00O0
24911 Ge001 0018 —-0eC54 OCedt31 Ged 8 0e—=00C00
3+iGaQ 0e001 ~C o008 0+025 Ce(:021 1639 0e=0a0000
238 Qe 0001 =040G34 0el62 Qa2 232 0e=0.0000
2eRC Qe 0C —"e062 Ce+180 Qe0G2 4651 Qe=De0000

26R28H 0,000 -Ce091 06257 CoG02 256421 Qea=040000
Pe781 —040C0 ~0119 (o332 DeDCR =G.56 0e~00000
2e721 =CeC01 —-0el49 04406 (003 —5,.25 0 e=0a0000
26671 =G40C1 —0e181 06480 04003 -5.75 0e-0.0000
2507 —(2G01 —0e212 C:553 0e00& =4£460 0 e=0.0000

o552 —=0e001 ~Ce246 04628 D+004 =326 0e=060000
488 —=06001 —-0e.282 Ce7C1 QeGO4 ~Ze&3 0e-0.0000
0415 =0,002 ~0e320 0773 0+004 —2657 0e—~0.0000
2e¢33A ~0¢001 =-0+361 Oe844 e 4 -4 485 0e=040000
2261 —0.001 =Ceb04 06912 CeC05 =~4452 0+-=00000

26172 =0e002 <0445 04966 0002 <1481 0e=040060
20084 ~Cs001 —0493 14028 (04002 =387 0e—=0.0000
1e90A —G4CG03 —04548 14094 04002 =-0470 0e=040C00

C.P.Z CY Cz Cm Cn C.P.y p(rad/s) P

=396 22911 -0.010 Ga099 «0e2B7 04008 —0e84 —942.-0.0868
—-2+95 34002 ~=0e004 Ce071 —0e213 0«012 ~2 663 ~949+~0.0873

=194 3eI1C] -GCe004 04044 —04137 04009 =2e16 —-949.-0.0873
—0e94 3¢479 0000 06017 —04059 04210 27647 —949¢~0+.0873
0407 1,901 0«002 —-Ce011 04020 O0+C0Q Se63 —-949e~0.0873
1409 24613 04004 -04039 04101 04009 208 —9494-0.0873
2409 24695 04006 —0e066 06177 04008 1e21 -949+.~-0.0873

3ell 24609 0006 -0095 04256 04004 065 -9424+~0.0868
410 24633 G010 -0.125 04330 04003 0432 ~942.-0.0868
S4¢13 2615 04014 ~-04156 04409 04003 0620 ~9424—-0+0868
Gel8 2574 G015 —0s182 04486 04001 04048 ~942.-0.0868
7el5 2503 04022 ~0220 0551 04001 0e02 =9404-0.0873

Be16 24451 (G028 —Ce255 04625 —04003 ~0ell ~949,-0.,0873
Qel6 2440G1 04025 —0e291 06700 =~040048 —0e18 ~942.~040868
1Ga18 24347 G029 ~06328 0770 ~Ce002 -006 ~-949.—0+0873
11620 24279 04031 —-0+369 0841 04002 0+05 —-949+-0.0872
12420 24211 (e031 ~0e410 06906 040605 Oel7 -949+-0.0873

1323 24140 04027 =04456 04975 04006 0420 -955¢~0.0879
14422 24066 C«033 -04503 14039 04008 De26 ~955.-0.0878
15422 12975 (04032 —-04556 14099 0.+006 O0el19 ~9554-0.0879

(b) p = -151 rev/s




aO
—397
-2 96

-1+94
~0s94
0+06
108
210

3el1l
4411
512
6as14
7615

8.18
Gel7
10617
11,19
12419

1322
18,22
15422

(c) p = -236 rev/s

ao
-3+96
-2+96

—-1.94
—0+93
0«06
1,08
210

312

4.10°

Sell
6s14
715

Bel5
Q417
10418
11420
1220

13.21
14422
15422

(d) p = -311 rev/s

C.P.Z

34060
3219

3e8442
44246
1368
2346
24584

24638
2645
24591
26532
26497

20407
24362
24305
24246
2187

2115
24032
14951

C.P.Z

34210
3396

3858
66161
Oe8B44
26203
2472

2517
2e522
2522
2484
2e0413

2355
24280
24223
2¢164
2elll

2 ¢057
14978
1+909

C

-0.010
-0¢006

-0.007
-0+003
0.001
0004
0.007

0012
04017
Q0e020
04027
04032

04035
Ce040
0+044
04046
0050

0.050
0054
0055

Y
~0.019
~0e015

-0.010
~0s003
04000
0005
Cs012

04016
04022
Ce026
0+.034
0.037

0045
0050
0057
04062
0062

040665
04067
Ce071

C

0096
0068

0040
04014
~0.013
-0+042
-0+068

=0+095
~0es124
-0s157
-0190
~-0e223

-0+260
-0 295
—0+333
-0374
-0e414

~0e459
-0507
—0+561

€2

0091
0065

0037
0010
-0e4016
-04043
~«0+070

-0e098
-0s128
~0e159
-0e191
~0e223

~0+260
~0+299
—0e339
~0+380
-(Gea20

—0s463
-0e512
-0 e564
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TABLE 4(CONTD.).

c
m

-0e293

-0s218

-0e139
—0060
0017
04098
Oel177

0e251
O«329
D+406

0e482
0556

0627
0+698
0e768
04840
0905

0971
1031
1095

C
m

-0«294
=0e220

-0el141
~0+062
OCs014
04094
0s174

0247
0322
0400
Ce875
0539

Qs611
0«683
0753
0e+823
0+886

0+953
1012
14076

0.017

0.C17

Ce013
0+011
0011

04008
0.006

0005

0003
~0.001
-~0e001
-0+003

=-0006
-0.006
~C«006
—0003
0+001

0.002
0.003
0.003

C
n

04018
0.016

0013
0013
Ce011
0.008
0«007

0008
GeC03
~04001
~0«003
~0.006

-0.007
~0«010
-0.009
-0+007
—0.+C0S

-G+ C0O1
0.001
0003

C.P.y p(rad/s) p'

=1e63-1495+.—-041375
—2+68=-148G9:-0.1369

-1094-14890-001369
~3e51-1489+—0,1369
9293-1483.-0,1363
2131483 +—0,1363
0eB82~1483+4-0+1363

0041-14770600;357
0419-1477+-0.1357
—0e04-1477e—061357
~0e04—-1477 +—0+1357
~0e09~1477~01357

=0e¢17-1477e~0e1357
—0e¢16-1477 +¢=0.1357
—0e13-1477+—061357
—0e06-1477-041357

0402-1477+—-01357

0e03~-1477—041357
0s06~1477+—0,1357
0+06-1483.~0.1363

C.P.y p(rad/s) p'

~0s93-1948+—0+1790
-1003-19a8.“001790

—-1s29-1348+-0.1790
~4405-19544—041796
27¢51~1G48B4+-0+1790
1¢52-1948.-0+1790
0e56~1948+—=0.1790

0e32~154R+—0:1790
0612-194684~=041790
=~0+04~1948+—0+1790
~0e07-1948+—-0+1720
=0e¢15-1954+—041796

~0e¢15-1954+~0+1796
—0e¢20-1954+~0.1796
=0+16-1960+s—0+1802
=0+12-19544~0.1796
—0+08B-1960+~0+1802

~002=1986C+—0.1802
O0e01-1960+-0+1802
0+404-1967+~0.1808

WSRL-0090-TR




(o)

<

. -3.98
= —-Z+97
-1.96
-0.+92
e 007

2409
2«10
4410
Sel2

Hel4
7el4
Rel7
Qa17
1017

L

1120
12419
13421
1% 423
1522

(@ p=o

do

—3+96
-2e97

—-1496
—{e04
1C7
72«08

T

310
4410
Sel3
~e13
714

2.15
G199
1Ca17
11620
12420

“mWhﬂWJLLJﬂﬂNWLM

1222
14427
15922

WSRL-0090-TR

{(b) p = -151 rev/s

TABLE 5.

CJ%Z
313G
3250
3367
3.366
3282

3e32C
3e241
3e1¢0

e(LS

7 eQRZ

? «Q28
ZeR74
2 e?77
2eHGR
2+614a

26502
7eb G0
2297
2202
2e105

24384
24276
74913
2e811
2e75C

2+HRBC
2e585
2¢519
24338

2249
2153
2« 021

Cy

040063
CeGO2
GeCO2
04001
06001

CeCOOQ
0000
Ce000
-54G00
~0e001

~-CaG02
-0a0C2
—Ge002
~0+C02
-0.C02

~0000
~Ge 001
~Ce000
CeCO1
T «G0OO0

Sy

-G e009
-0+007

~-04004
—0+0GC2
-0+000
Ce0023
0+ 005

0007
CeC1l
Os014
e 017
Ge021

(025
Ce028
04030
0030
C«030

Ce029
Ce(031
0033

€2

G«095
0e06G
0043
04017

-Ce007

-Ce032
-0e.058
~04085
~(elld
-0el43

—0e173
~04,204
~Ce238
-0s274
—0e311

—0e352
—-0e396
-0eb44
~0e494
-0e551

(0094
C«068

04043
OeG16
~(+008
~0+034
-0.061

—-0.088
-0.115
~(iel145
—0e176
—-0.208

=0e243
-0.281
-0.317
-0e357
-0ed01

~Cetta7
~0es896
=0e551

- 14 -

C
m

~0e303
-G e225
~0el 44
-0057

0025

06107
D.189
0270
Oe346
Oed256

Oe506
Qe5R7?
04660
Oe7328
De814

0882
0950
14019
14087
14160

c
m

-0306
-0e222

~-Qel42
0060
04020
04105
0183

Oe263
De302
Oe823
0496
D575

0653
0726
0797
0869
04936

14005
14067
14129

C
n

—0e002
-0.001
~0.001
0.0CD
0.00C

GCe(O1
Ce001

0.002
0e003
0.00R

OeCOR
0.002
Ce005
C+005
0.0C4

0054
O0eC03
O0«CO2
-0+000
=0.001

C
n

0011
04010

0008
0008

04006-—

0005
04004

04003

C«001
-Ce«001
~0.0G3
-0.005

-0+006
-04006
=0+005
-0+ 0CG2
04001

0+CGa
0004
0003

AERODYNAMIC COEFFICIENTS, M = 0.90

c.pP.
y

-0.65

~C«57

—De56
0401
0e61

2e6a
Ge62
67660
~5696
~2e47

—205
—1e87
~1eB3
—1«83
-1eCG7

-19.83
~3«64
—4 468
-0e28
-1e72

C.P.
Y

-1e18
-1442

—~1490
~353
51287
1494
Ce87

0«34
008
-Gel0
—0+18
—0423

-Ce26
-0e22
~0el?
~0+07

Oe04

Oeld
Oel2
010

p(rad/s) p'

0e—0.0000
0e—040000
0 +—~0s0000
Oe—~00000
0+—040000

0«=0.0000
0¢~0.0000-
0 +—0+0000
OCe=Ce0000
0+—00000

0+—040000
Ce=0+0000
0 e—0+0000
0+-0.0000
0+-00000

0«—0s0000
Ce=00000
O e=0.0000
0e—~00000
Ce~04000C0

p{rad/s) p'

=040 ¢+~0+0831
~949.-0.0831

~942+—-0+40826
—942 +—0+0826
~0494-0.0831
=942 +~-0 + 0826
=94 QGe~-0e0831

—942+-0+0826
—942+.~00826
—942.-0+0826
~94G +~040831
=942.-0.0826

—Qu2+—-0+0826
~Q49.~0+0831
~955~-0+0837
=955+~ 0+0837
=0955+—0.0837

~961+-0+0842
—961+—-040842
—G961+-0+0842




i
]
1
H
]
H

(c)

aO

=396
~-2e96

=194
—0.9a
Oe«06
1.08
208

3el1l1
4411
Sell
6413
714

Gel16
10617
11,19
1219

13.21
14,23
15422

C.P..
z

e« 344
0422
3.7C5
4271
1700

24752
2870

2928
2871
2 «833
ReTH7
2726

2600
2e572
2e467
2+394
2326

2234
24130
2028

p = -237 rev/s

aO
-5e95
-2 96

-1e94
-0 «94
0407
1,10
2 409

310
4410
Sell
6s14
715

BelS
G420
10417
11.20
12420

1321
14423
15.22

(d) p = -308 rev/s

C.p.z

3478
3+.685

44030
6219
1131
2512
2+765

24824
2865
ZeT44
2+7C4
2645

2576
2+4E8
24390
24318
2252

2.181
2 +08BS
1993

CY
~Ces015
-0.011

-C+007
-0.003
0000
0004
0008

G.013
04017
0022
0.028
06033

0039
04045
Ge0ubd
0+046
04047

0050
0.053
0055

~-04020
~0.015

-0e009
-0«005
CsCC1
0+006
0.011

Ge017
C«023
0028
CGe035
0043

0«049
04056
C+060
0+062

0066
0069

Z

0.092
0e065

0.039
0+014
-0e012
‘0.037
—0063

—-0.089
-0.118
-~0e147
~Cel78
-0e211

~0e247
—-0.284
-0e321
—06360
—04401

-0 ed47
~0e¢500
-0¢553

0.088
0s062

04036
0010
—04013
~Ge040
-04064

-0092
-0s118
—04150
~0+181
-0e215

~-0e251
-0e290
—0+328
-0+370

-0506
~0¢559

- 15 ~

~0¢306
~0e223

~0el144a
~0061
04020
0+101
O0el181

0e262
0340
Qel17
04496
04574

04653
0731
0793
0.862
04933

1000
1065
1e¢122

-0308
-0e229

~0e145
~0+065
0015
Cs100
0177

04259
0339
Oe412
04491
04569

Qe646
Oe722
04784
04857

1054
lella

5(CONTD.).

Cn
0016
0013

O+011
0000
04007
0+005
0+0032

C+000
04002
—~0«005
-0+008
-0+011

-0s012
-0¢015
-~0e011
~G«007
—-0.:004

-0+C04
-0+004
—0003

0020
0017

0013
0011
0+00R
0+005
0002

=0+002
~0+005
-0+008
-0+011
~0016

-0+02¢C
-0+021
-0.018
—CeC1la

-0«005

-0+004

C.P.y p{rad/s) P’
~1+03-148G.-0s1305
-1021“1489.-00{3q3

—1455~1489+~0+1305
~2e¢89-1483e-041299
25005-14330“001299
1e15-14R3.-0+129¢
Ge38-148%9.-041305

0s046=1483+~01299
~0+10-1483+-0.: 299
~0e21—=16489,-0:1305
~0+30-1489.-0+1305
~0e34-1489.:-0+1305

—0e36-1465Ce—01305
*9033-1a890—001305
~0e25~1480.,-01305
—0s15-1495.~041310
—0+08~1495+~01308

~0e07=1502¢~0e1316
~0+07-15024-%41316
—0«05-1508.-0+1321

C.P.y p(rad/s) p!

~0e96—1042 +—0D 41698
—1412-1935,~0+1693

~1¢41-1942+.—-041698
—2+35-1935.-01693
13¢13-1935¢—041693
0477=1929e~0+1687
0e19-19354—041693

~0.09~1935.-041693
—0423~19354-041693
~0e27-1935+-0+1693
~0e33-1935e-061693
~0¢38~1935,~041693

—0e840-1935e=01693
~0e37~1G35e=0e16G93
~0s30~1942:,—-0+1698
~0e23-1935.,-0+1693
-0-15—1929.-0.}68?

~06¢10-1935+~061693
“~0e08B~192G.~0+1687
-0.06-1929.—0:268?
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TABLE 6. AERODYNAMIC COEFFICIENTS, M =

CY Cz Cm Cn c.p y p(rad/s) P

=Ge001 G079 ~0e384 —04G0Y 0+ 0000
Ce001 O0+C53 ~0e259 -0.0G2 Ce—De0000

<001 033 ~0e163 —-CeiG2 0e—360000
540089 (+CC1 GsC13 =0.06A7 —-0.0G01 Ga—Gas00CO
106007 DeC01 -Co003 (0 e029 =L ,,00GT . De~N00GCGO
o195 CeQCO ~0e021 Cel2R S .ulG Cs—e0COC
4280 Go000 —=0e042 (6223 CoTi Qe—=e00C0

LeBr1 S Se0D01 ~De(367 Ce309 —~0e0(:- Ce—=9.0000
4 47240 Cel04 ~1: 6493 Ce395 —G.002 0 e=—00000
GGO3 ~Gel 23 o473 =0e003 H Ce=Te00DD
L. eG0C7 =~(3e152 0e589 —CL008 0 :=0,0000
Ce008 ~Cel184 Ceb638 ~Gel11 Ce—0es0000

.eC1C —Ta216 Ce723 —-Cel12 Ce—040000
TeGD7 —Ge255 0787 —G.D0T 0«—0.0000
C2008B —(e292 GeBES5S —-0e017C 0«—0+0000
Co10 =0 337 30935 —0e01C 0e=~De0000
Ce013 ~04386 14002 —GeC16 0e=De0000

Ce(19 =Cat48 16079 =0 4024 Ge—00000C
Cel14 —~(3a512 14150 —Co021 0«—~D.0000
Ce006 =04570 1218 —(400R De—~0«G000

¥
Cz Cm Cn C .P.Y p(rad/s) P

0a0D79 =0e340 D028 =1420 —936.-0.0784
D052 =0256 0eC1SG =132 —0326.—01+0783
Ce03C —0e168 0014 =152 —QR6.-0,07R4
D012 =0e06T (Ge00T ~=2412 —-QF0G.—Ds0778
=3e007 0024 DJe0I6 =18413 —920,.-0.0779

—Ne4026 0el21 Gell2 QeSe —QRGE+—D407R3
—0e048 Qo204 —0.C001 =007 —C30+—Ne077R
04072 (eP08 —0e0CG7 =087 —QPL+—0.0773
~0eCO7 (388 —0eC15 —~0eB686 =GZ0—~0.0779
—De127 06460 —CeI1E ~De69 =936~ 01s0782

N OB YD
NN O e

3+50C8 3 —0e156 0549 —0e079 =080 ~OR6:~0.078&
342060 : —03187 0636 ~0e0G1 ~—QeRE —G36.—0.07FR4
3275 ¢ —Ge21B8B De713 —0eG2T —CaBl —GU2.~0.0720
3 e53CH 3 =0 255 Qe7RG ~0.C32 =072 —Gh42.-0e4078E
2eQ4us G » —0e298 04865 04306 De37 —GaZ2.—0s07F8

1142C 24773 =0e339 (0940 (Qe(24 7«28 =94624+,—-0+0750
12421 2«57 & -0 4389 16002 G025 6Gs17 —C42+.—-0.0788
1323 2402 G ~G e84 14067 Del36 =12465 —942,—0+.0782
£ 425 24260C G -5 +503 16137 0052 ~3+83 —C4G.,-00794
15428 24136 = -D0e562 10200 QUSR8 —325 —949.,-0.0724

(b) p = -149 rev/s
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TABLE 6(CONTD.).

a® C.P., Cy c, C, C, C.P. p(rad/s) p'
—3e99 4,18 =-0.028 (.080 -04334 06327 ~1eal4-150E+~0e1261
-2 +96 46613 =04620 0elS8 =0e249 0625 =1 e27-150Rs—0s1261
—1e94 S4285 <0013 (o030 =06159 0019 =—1441-1508,~0,1261
~0e94 642532 ~0+006 Gs011 —04068 (012 —2e03-1502.-0e1256
006 244625 =0000 ~Ce009 O«021 Ce0CP—512.79-15NR=0,1261

1608 44345 4008 —0.027 06118 (0.C00 G+02-150R.-0.1261
210 3e7AT (0012 =0+053 06199 —-0.002 =0614-1502.-041256
312 34717 CaC20 =078 06289 ~0e009 ~0.84-1405,-0,1251
Ge1l 3eHhah (e029 —0elC3 De374 —-04C17 —-0.61-1502.=0.1256
Sel2 3372 Ce033 =Cel33 06849 —04020 ~060—-1502.-(+1256

Celld 3779 Cali8 —0e163 04532 —=04031 —0s70-14CR,-0,1251
Telh 32073 (04056 ~Cal194 D620 ~06542 —0e75-1502.—0.1256
Fel7 2100 CoelHE —~5e227 0705 ~0e051 ~06783-14C5,-0,1251
TelB ZeTth (8067 —Ca268 De7RBO ~04048 ~Ge72-1502.-0.1256
1Ce19 Z 4856 (eCaS =Ge301 0860 =0e016 —0e35-15N2.=-0.1256

11.21 Pe7FE  GCoeN2B —Ue30a 0942 04407 D+723-1507+—041256
12421 ZeRd D027 ~0(43C2 1006 CQeC12 Cel2~1405,-0s1251
13624 24354 0028 —(4453 14067 (e014 GeldG—14G5,—041251
14424 24272 (6021 0509 1132 Ce02P5 16171495 ,-041251
1% .24 2e107 G+006 —Ge571 1203 Cel047 Be23=14C5,-01251

(c) p = -239 rev/s

a® C.P., Ty c, C, C, C.P.,  p(rad/s) p'
=299 44265 =Ga034 (CeQ7C =06337 04037 —1+0R-105£,-0,1635
—2e96 4+7C1 —0+026 (053 —06252 0¢030 —-117-1C54.,=-0,1635
—1e94 S5e825 ~0e017 (4029 =0e163 (o022 —1e32-1050,~0,1635
-0 95 R¢A5H =~(+0CB C+008 =0.073 Gel01l4a =1 e 79— 1CS2 ,—0,1635
0eG7 14320 CeCl1 —0.011 0020 G4007 Belb~105%4=041632

110
2e0CH
3e11
4410
Sel2

o
]

GeG15 —Ce032 06112 —0e000 —0e03-10524=041632
Ce019 —0oC53 06200 =04000 —0e4R=—1C28.—0.1677
0+026 —0+0B0 04284 —Del14 =-0454-1954,-0,1635
Ce034 -Cel07 0365 —0eC21 =0e6C-1948.-C.1627
045047 —0e136 D450 —=0«033 — e 7T~104 R ~041627

~
ki

O W W
*® 9 & o
Wk e
L LA N |
N Q

Gel3
715
Rel7
Gel18
1920

.
hY)

TR A ]
SRS I IR s

Ce061 =Cel167 0536 —=04047 —0a77-1954,~-0.1632
Ce0H4 —~Ce201 0608 ~0,045 —0e71-104F 4—0,1627
D+C75 ~0e236 0694 —04054 —0e73-1954+=04,1632
G«0BT —0e273 D772 ~0Ge055 ~0+70-1854 —(1s16322
0eG73 —-0e315 0852 =0e04a1 ~0eH6=1954.—=04+1632

YW W
v .
O 0y

1123 110 0eC53 —(2e355 0926 —=0e012 =GCe22-1928,-0.1627
1221 oL & Ga03ITG ~04400 04996 040800 Ce246—185L 4=De1632
1324 a4 1y GesC3a —04451 1,089 CelPh OeB51=1CTRa 4041632
14424 > ~7 GCe031 -GeS10 14127 C.027 CeRE=10544—0416352
1524 oee Gel27 —0e872 14200 (0036 1e35-1958+—0:1632

@) p =~ -311
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TABLE 7. AERODYNAMIC COEFFICIENTS, M = 1.4

0

O

a .pi - - ' £
C.p., CY c, Cm Cn C.pP y p(rad/s) P
~34G6 1672 C«G02 (36166 =0e270 =0+006A —2 +68 Gs—040000
= -2 95 1 e6AT7 C«GO2 Gel119 ~0s198 ~0.005 —2+46 Ge—040000 5
_5 ~1.94 143723 CeGO2 Je075 =06125 ~04005 -2 35 O+—=0+0000
Té -DeG4 1e718 C«CC2 Ce031 —0053 ~-0.0Cs —Z e84 0+—=0s0000
= 0«08 j (A=Y CeG02 —0e0C14 0020 =-0.004 —2+38 Ce=040000
1609 1e823 0.001 =04057 04092 —04003 ~—2.34 04-0.0000
i 2612 1 4670 OeQ01 —-Ge1G3 0el166 —-CoCGC3 -2 eG7 G +—=0 40000
; 313 14621 CeCO1 ~0e1486 Q04237 ~CeC0C2 —2 e 0 0:—0¢0000
_§ 4413 14801 G011 —0e193 06309 ~Ge002 —2e21 2 .~0+0000
= Sel5 1645873 CaC0Z2 =Ce241 Ge381 ~-0.CO? -1+00 De—040000
:2 Eelb 1557 CeG01 —-0e291 0452 —00C2 —-1e7C 0«.—-00000
= 7+2C 1521 C«001 =0e4345 0525 —-040GG1 —144¢C Ce=00000
E=: Fe22 letés CeG01 =-06401 06596 —-0e501 —1e32 0.=040000
: Q422 1 e445 CesCU1 —0e461 Q665 ~0e0067 —1 s8R Cs—040000
f 10 e23 162L2 —0000 —0e528 ($e735 —=06007 6413 D+—040000
= 11.28 16355 =0G01 —0e5C4 C«805 ~0003 445G 0—0+0000
= 1727 1e630H ~CaGO1 -0 666 G870 ~0.002 266 Ca—0a0000 *
= 1230 16253 —0sG01 ~0e748 (06937 -0.0C2 2e23 ts—0as0007
} 12 630 1e¢1C8 —~0.C04 0«83 14000 —-0.002 Oet&e? O +=040000
=1 1732 16137 =G,053 —0.933 16061 —0.5GG2 a7 Ca=00000 .
@ p=o
0
a * ¢ 4 - L] ‘
C.P 7 C“ Cz Cm Cn cC.p y plzrad/s) P

=~ e00 14870 —0eG03 04163 -0e273 04000 —0Ce16 —~952,-0,0585
~PeQ8 14699 —04001 0el18 =0e201 0000 =-0410 ~G2E.-0.0582
=196 1747 —CeC0O0 Oe873 -04128 04000 ~0+08 —936.—0.0582
=~ e98 14785 (4001 0036 ~0e054 0.000 Oe32 —936+—-0.0582

006 1Rl CTel002 —0.012 04020 0000 Oe06 —~9482.—-0+0586

I

1607 16684 (o002 =0e056 000094 ~06008 —0e02 —936e—0.0582
Zell 1e6B1 (oCl& —0e4100 O0e169 —~0.000 —0+07 —Q42.-0.0586
Bell 14663 Te005 —041485 04240 ~04000 ~0e10 ~0a2.-0.0586
4e12 1625 (16006 —(Ge192 0e311 =0e001 —0o10 -C36:-0.,0582
Sel8 16591 (o008 —Ce241 0383 ~04001 -0e14 —936.—-0.0582

(LT

| Ael9Q 18582 06457 —00061 =015 —=CG£2,=0.,05886
E 719 15278 o012 —0e345 0527 ~0e002 ~0e17 —G&29,=-0,0580
Re21 1e4RR  D4,314 =0.401 0aS598 —0e00G2 —0al17 —G55+~0,0593
Te21 1e&41 2016 —0s863 Q668 =Ce003 =016 -CB5,—-0,0593
10623 1437 2019 =0e529 04737 —0003 —0el17 —061—~0.0597

Tel10 =0e2G2

-

vl

I

1126 143249 G4C021 —(aS97 QeBOS ~0008 =071 —955,-0,0803
17e2F 14304 ~0eHB8B  0eB71 —040C5 =028 —US5.-0.0592
12420 1427254 2022 —0e788 0938 —=0e305 ~0+23 —955.-0,0523
1643C 1410¢ =0eB835 14001 —04003 -0+15 —-951.~0.0597
15431 1ela —Ge931 1064 04003 Oel2 —~9861+~-0,0597

o~
[ ]
jow ]
fa¥]
N

L B TR ]
L |
o0y
Vo

Lo V]

(b) p = ~151 rev/s




bl

”m.mm.$ﬂ\

i ,,|, .|| i |

| "WWNW il

a®

=4 400
—2+98
—~1«9¢F
-G 98

I I I 4

141C
2ell
3s12
Gell
S5ela

6516
Tel©
Be.20C
Ge21
13423

11.26
17228
15.7¢
14431
1531

©p

h

[TV B VI
@

L

[0 I A
. e
'

o

ok bl b
M

o
.

& -241 1

-{ +GGH
=G+ 205
- GE
-G+001
Ce001

G«0Q03
GeGOS
4001
0009
CeG1l1

G014
Cas5G16
G019
G023
e 027

CsC3C
G.G33
GsC32
CeG28
GCa016

- 19 -

TABLE 7(CONTD.).

C;

G159
24115
GeG71
Ve 027
—CeG13

-C 4058
—Gs+1CC
-0+166
04190
- «239

—D34260
-e 344
—(}+399
~De&62
—-0«528

-G +597
~(+ 669
—(e74G
-3« 835
-0927

bp

+15R

L]

Ll
[
[

063

.
]

N
W

o 13 o wl

a
L]
]
-
-]

-+ 0S8
-(s101
~Gelab
-e189
-0+237

-0+ 2ECG
—Ce344
~De8C1
—8sa6H1
=G e528

—( <8GR
—Ga5H71
~He749
—(1+831
=3923

c

m
06277
—0+205
~0+131
-0 «056
0.019

0+095
Os+168
0226
0s312
0385

0s528
G598
Ge567
D+736

O +805
O«870
G339
1005
1071

C
m

-0+282
—~0+209
-0s134
-0+059

Gel18

0092
Os+168
G244
0313
0386

0 +459
O+52R
G+5%8
G667
0«737

D«806
D «872
D941
1«C10
1s07R

C
n
0«06
Q003
G003
G002
Ce002

Ge001

Ce001

0012
-0.001
-0-0G2

~0«003
—-0+0GCe&
~Ge+ 005
=0006
—C+0C7

—2.0G7
~0«G3E
04005
Oe0C2
001G

c
n

D«007
040066
D004
O=GG2
G«0G2

0.0
~0eGCC
~0307
(002
~D+GC&

=008
Qs OCH
34307
-0+0307
—0307

-3 +006
~C 006
-5 e0G1Y
C+L17
Q337

C.P.y p(rad/s) P’

=0s51 150K 4~140935
—0e74—1508,-00935
=1e12-1808K,=-060935
-3.32-15@30-000935

1e72-1508+~-0+0935

0e52-1508.-009355
0418-1514.—0.0930
13e77-150824-00935
~0e11-1505,-0+05325
~0e156—-1508,-0.0935

~0e21-1514.—0.0932
—0e246-15144+-0.0939
~0e25- 15144040939
—0e26=1521e~0094>
~0e25-1521 +—00G43

0 +25-1527 +~00G47
=D e28~1527«—0+0G47
~0e17=1527 «~0 0947
De06—1527+~000G&7
16156-1527 +—00G47

C.P.y p(rad/s) P’

=0e70-192F+~0el1C1
~0e77-1G25—0e11C1
=0e91-15232~-0+1131
=1455-1C2Z«~Cal11¢C1

2+2E-1923.-0e1191

O0e20-19015.-041187
=0 e07-1C18+—De11R7
~0e21-1016.-0e1157
“0eZ22-1C2F~0+1191
~0e27-1015%+~0e1187

=0+29-1923—0Cel1151
=0es3C~1C73.—0s1191
=0e2C-1%16+—-0+11827
=028 1010e~D011A7
~0e24~1C2R—-0.1191

~0e19-19232.~0e11C1
—0e12-1%15+—0+11R7
~Ge02—191 Fe~0s11F7
Ced2-1% 10011857
ZeS51-1910.~0s1172
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Figure 3

Figure 3. Axis system used in presentation of results
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Figure 4

L M=0.95,
p'=o

T M=0.9,p'=0

D M=0.8,p'=0

X M=0.7,p‘=o

M=1.4,0

M=0.95,0

M=0.9,0

M=0.8,0

I
Ll
e

M=0.7,0

5 10
a (degrees)

L

(a) Non-rolling

Figure 4. Variation of normal force coefficient
with incidence, Mach no. and roll rate
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Figure 4(Contd.).

M = 1.4,
A pt= ~0.119

i

L
g

o e

mLm!leluiﬂl!nl il !1

M=1.4,

M=0.,95,0

M=0.9,0

M=0.8,0

M=0.7,0

5 10
a (degrees)
(b) Rolling - rates as shown

Figure 4(Contd.). Variation of normal force
coefficient with incidence, Mach. no. and roll rate
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Figure S

AM=1.4,p'=0

C A | M=0.95,
p'=o

+M=0.9,p'=0

M=0.95,0 + — A PM=0.8.p'=0

e © XM= t—
M=0.9,0 " : S . —XM=0.7,p'=0
+ © < X
© X
+ ° !
+ ° )
o] X
= o X
= M=0.8,0 S -
= ® X
= 0] X
_‘ @ x
X
X
M=0.7,0 " X .
X
X
x »
~0,5¢ —
-5 0 5 10 15 20 |
a (degrees) s

(a) Non-rolling

Figure 5. Variation of pitching moment coefficient
with incidence, Mach no. and roll rate
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