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Relevance of zero lift drag coefficient and lift coefficient to

Mach number for large aspect ratio winged rigid body
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Abstract: Synthetic analysis is conducted to the wind tunnel experiment results of zero lift drag coefficient and lift coefficient for

large aspect ratio winged rigid body. By means of wind tunnel experiment data, the dynamics model of the zero lift drag coeffi-

cient and lift coefficient for the large aspect ratio winged rigid body is amended. The research indicates that the change trends of

zero lift drag coefficient and lift coefficient to Mach number are similar. The calculation result and wind tunnel experiment data

all verify the validity of the amended dynamics model by which to estimate the zero lift drag coefficient and lift coefficient for the

large aspect ratio winged rigid body, and thus providing some technical reference to aerodynamics character analysis of the same

types of winged rigid body.
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0 Introduction

The research on relevance of zero lift drag coeffi-
cient and lift coefficient to Mach number for large as-
pect ratio winged rigid body is crucial to analysis of
motion characteristics of large aspect ratio winged
rigid body. On account of uncertainty factors effect
such as systematic constraint condition on the motion
of large aspect ratio winged rigid body, stochastic en-
vironment variation, diversity of configuration as
well as motion velocity and attitude!™. In addition,
the high altitude aerodynamic characteristics of rigid
motion along with the change of the height of sea di-

‘). The existing dynamics

als have large differences
models which estimate the zero lift drag coefficient
and lift coefficient for the large aspect ratio winged
rigid body have some limitations and errors-.
Currently, the general practice in obtaining the ac-
curate data of zero lift drag coefficient and lift coeffi-
cient is based on of wind tunnel experiment®"’,
However, the expense of wind tunnel experiment for
large aspect ratio winged rigid body often results in

lack of the data to modify the dynamics model. This
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paper combines theoretical analysis, numeric simula-
tion with wind tunnel experiment to investigate the
relationship between the lift coefficient and zero lift
drag coefficient of large aspect ratio winged rigid
body to Mach number. On the basis of wind tunnel
experiment data of large aspect ratio winged rigid
body, it amends its dynamics model which may pro-
vide technology reference to the aerodynamics feature

study of the same product.

1 Aerodynamics feature analysis

1.1 Aerodynamics feature analysis

A large aspect ratio winged rigid body is generally
composed of two components, as shown in Fig. 1. A
flying winged rigid body receives action of air drag on
the surface whose magnitude rests on configuration,
motion velocity and attitude, and action of stochastic

U The action of aerodynamic

environment load
force on a winged rigid body will affect the motion
distance and stability.

To investigate aerodynamics feature of a rigid
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body, lift coefficient and zero lift drag coefficient are
studied firstly since they are the parameters charac-
terizing the aerodynamics feature. In general, it is
required to study separately aerodynamic parameters
of every component firstly, and then to take into con-
sideration the interference between components, last-
ly, to find out the aerodynamics feature parameters

of assembly.
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Fig. 1 Large aspect ratio winged rigid body

1. 2 Lift coefficient aerodynamics model of

winged rigid body

Suppose a winged rigid body is composed of the
body and the wing-tail-body.

1) The lift coefficient of the body, Cys

In subsonic range, i. e. M<C1, the lift coefficient
of the body, Cygz, is approximately a constant Cyz=
8, while in supersonic range, i. e. M=1, the lift co-
efficient of the body is also approximately a constant
Cyz=2.46. Here, M is Mach number; § is attack an-
gle.

2) The lift coefficient of wing-tail-body, Cyw

| 1. 84mAwoK yw =
CYW——Z L h Sws when M < 0.5, (1)
1. 84mAw oK yw S

W e

Cow —
N o dtaw /1M

0.5 <M< 1, 2)
Cow = 1. 356K (Aw+¥)§
yw = L. YW ME 1)
M>1and M < /1 (3)

M —1 22w MZ—l W

M= 1 and M= /H,\%’ 1)
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where A\w is aspect ratio, Aw = Lw/b,,; Lw is stretc-

“YW —

hing length of cantilever section for the wing-tail-

body; b, is average chord length of wing; Sy is the
Sw/SM; Sw iS

the area of cantilever section for the wing-tail-body;

relative area of a pair of wings, Sy =

Swu 1s the max area of the across section for the body;
Kyw is the modified coefficient of empennage.

The lift efficiency depends on configuration param-
eters and motion feature!'*', In addition, due to the
aerodynamic force interference between two compo-
nents of winged rigid body, the aerodynamic feature
of the wing-tail-body in adjacent area of the body will
be affected by the aerodynamic feature in the body ar-
ea, and vice versa. Consequently, the computation of
the lift coefficient of assembly Cypw should take into
consideration the lift coefficient in the bonding dis-
trict of two components. We may just as well use an
interference modified coefficient Ck, to represent the
lift coefficient in the bonding district.

By combining the theoretical analysis with experi-
ment modification, the interference modified coeffi-

cient formula of Cg, could be obtained by

Cx, =— 0. 006 3(1— Di/D?), (5)

where D is the diameter of cross section of the body;
D, is the bottom diameter of the body, thus, the lift

coefficient of assembly is

CYBW - CYB + CYW + CKy- (6)

1. 3 Zero lift drag coefficient aerodynamics
model of winged rigid body

Zero lift drag coefficient of winged rigid body is the
drag coefficient when the attack angle is zero.

1) Zero lift drag coefficient of the body Cxog

When the assembly flies at supersonic speed, the
zero lift drag coefficient of the body Cxop is composed
of its head section wave drag coefficient Cxy, , tail sec-
tion wave drag coefficient Cyx,, bottom section drag
coefficient C,, , friction drag coefficient Cyxgp and in-
creased drag coefficient ACxp from the head section
variation of the body, where the configuration in the
tail section is the principal factors affecting the tail

15971 'When the assembly flies at subson-

section drag'
ic speed, zero lift drag coefficient of the body, Cxog s
has no head section wave drag and tail section wave

drag,
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Cxop = Cxin +Cxie + Cxp + Cxp + ACxr s (1) where
- 0.002\, ., M 19632 —16

Can = [(O' 0016+ 73p )( 0 )][1 14(M+18)/1§]’ &
Ce = [(o 001 6+ ¢ )(31-7@(1—3,)“, 9

O. 029(Db/DM)2/ / fop,o. 029(Db/DM)2/ / (/‘Xﬂ’, ) M< 1,

Cx, =<0. 85k, (2— kDS, /M?, k<1,

0. 85S,/M?, by =1,
ky =M/ /As/Sy s (10)
Cyw = 0.031 5Re 15, (10, 12M7) %7 L, (1

Sm

ACxr = CxpSr/Swu» 12)

where 3, is circular cone half-angle of the body in the
head section, and f, is circular cone half-angle in the
tail section; A, is aspect ratio of body, S, = (D,/
D.)?; D, is column diameter of body, and Dy is max
diameter; Ap is aspect ratio of assembly; 7 18 shape
modified coefficient of body; Re is Reynolds number;
S; is lateral surface area of body, and Sg is cross sec-
tion area in the head section; Cxp is drag coefficient in
head section.

2) Zero lift drag coefficient of the wing-tail-body,
Cxow

When M1, zero lift drag coefficient of wing-tail-
body Cxow is composed of profile drag coefficient Cxpy
and thickness wave drag coefficient Cxpw; when M<C

1, the thickness wave drag coefficient will not exist.

Cxow = Cxw + Cxpw » (13

Cxw = 2X0.031 5Re *'" (1+0. 12M*) *"y.,
(14)

Lo
:;FKISW, (15)

where 7. is modified coefficient when considering the
thickness effect of wing-tail-body, the relative thick-
ness c=c/b., ¢ is the thickness of the wing-tail-body,
and b, is the root chord length of the wing-tail-body;
K is the section plane shape modified coefficient in
the airflow direction of the wing-tail-body.

The zero lift drag coefficient of assembly Cx, is the

sum of zero lift drag coefficients of the body and the

wing-tail-body. The drag which the wing-tail-body
provides to the assembly is proportional to N, which
is the pair number of the wing-tail-body.

The zero lift drag coefficient of the assembly for-

mula is

Cxo = Cxos + NCxow % (16)
M

2 Calculation examples. result analysis
and experiment verification

This paper takes a kind of large aspect ratio winged
rigid body as an example to calculate its lift coeffi-
cient and zero lift drag coefficient. The comparison
results of the calculation result and the wind tunnel

experiment data are shown in Figs. 2 and 3.

1.2
=— Experiment
1.0 s 4 Calculation
/N
] \
0.8 R
l. \\
Q J \
x 0.6 ] 'S
& F
/ \"‘\
0.4 ’ = T\"
-/ ~»A§’
0.2
0 1
0.5 1.5 25 3.5
Ma

Fig. 2 Relationship between zero lift drag coefficient of as-

sembly and Mach number

From the figures, the calculation results and the
wind tunnel experiment data indicate that the change

trends of zero lift drag coefficient and lift coefficient
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of assembly to Mach number are similar. In transonic
region, the zero lift drag coefficient and lift coeffi-
cient all present sharp mutations. While in subsonic
and supersonic regions, the changes are relatively
stable, especially in the region of 1. 5Ma to 3. 5Ma,
the received load of assembly descends in relatively

stable mode.
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Fig. 3 Relationship between lift coefficient of assembly and
Mach number

In supersonic region of 1. 5Ma to 3. 5Ma, the cal-
culation results reflecting the relationship of zero lift
drag coefficient and lift coefficient of assembly to
Mach number bear fairly good coincidence to the
wind tunnel experiment result; While in subsonic and
transonic regions, the calculation results have big er-
ror compared with the wind tunnel experiment re-
sult, because the received load change of assembly
and the effect of airflow disturbance change are fairly
complex while the existing dynamics model of zero
lift drag coefficient and lift coefficient do not take in-
to account reasonably of the received load change of
assembly and the effect of airflow disturbance

change.

3 Conclusion

The research has indicated that in the region of
0.5Ma to 3. 5Ma the change trends of zero lift drag
coefficient and lift coefficient of assembly to Mach
number are similar, and the theoretical analysis and
the wind tunnel experiment results verify the conclu-
sion.

By means of wind tunnel experiment data, the dy-
namics model of zero lift drag coefficient and lift coef-
ficient for the large aspect ratio winged rigid body is

amended. The calculation results and the wind tunnel

experiment results all verify the validity of the amen-
ded dynamics model. Consequently, under the condi-
tion of lack of aerodynamics experiment data, it is
possible to utilize the configuration parameters to a-
mend the theoretical model for estimaion of the aero-
dynamics character, which can provide some techni-
cal reference to aerodynamics design for the same
ratio winged rigid

types of the large

body"#1%7,

aspect
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