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Abstract: A rapid method of the trim drag prediction for the blended-wing-body unmanned aerial vehicle (UAV)
configuration is proposed. The method consists of four steps. The first step is to parameterizedly model the blen-
ded-wing-body UAV configuration; the second is to analyze the aerodynamics of the geometric model; the third is
to create aerodynamic surrogate model; and the final step is to predict the trim drag using the surrogate model.
Hence, a tool for trim drag prediction is developed by integration of the four steps. The impacts of the allocation of
control surfaces, position of gravity center and planform parameters on the trim drag are investigated by using the
tool. Results show that using the control surface in outer wing for trim has an advantage of lower trim drag, and

the position of gravity center has a primary impact on the trim drag. Moreover, the planform has secondary im-
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pacts on the trim drag.
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0 Introduction

The features of higher aerodynamic efficiency
and lower observability''* guarantee the blended-
wing-body (BWB) an attractive configuration for
unmanned aerial vehicles (UAVs). However, the
trim and static margin are critical for the BWB
configurations™! due to the absence of a horizontal
tail.

This paper addresses the trim drag issues of a
subsonic BWB UAV. The trim drag is the incre-
ment in drag from aerodynamic trimming'. For
BWB configurations, the trim drag comprises:
(1) the profile drag increment due to control sur-
face deflections; (2) the induced drag increment
due to the change of lift distribution caused by the
control surface deflections. The impacts of alloca-

tions of control surfaces, gravity center position

and planform parameters on the trim drag are in-
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vestigated. The baseline configuration of the
UAYV is shown in Fig. 1. The reference area S, is
20 m”, the aspect ratio AR =4. 9. The leading ed-
ges of inner wing and winglet are parallel, the
same to the trailing edges of inner wing and oppo-
site outer wing. The trailing edges of outer wing
and winglet are coincident. The rapid method and
tool for the trim drag prediction is presented.

Furthermore, the impacts of parameters are dis-

cussed.

___—— Winglet

Control surface

Fig. 1 Baseline configuration of BWB UAV
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1 Computational Method

1.1 Geometry parameterization

A VB code is developed™™ to generate the ge-
ometry model by defining three sets of parame-
ters.

(1) Planform parameters are listed as fol-
lows: the ratio of winglet's lateral projection area
to reference area Rs., half of fuselage width
W tusclage » the sweeping angles A, A; and A of the
the leading and trailing edge (Fig. 2), the dihe-

drals I'y and Iwipge of the wing and winglet.
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Fig. 2 Definition of configuration parameters

(2) Cross section parameters include the air-
foils and twist angles of sections 1 to 6, as well as
the parameters of sections 7 to 9. The method
presented by Ref. [ 8] is used to parameterize
these cross sections.

(3) Deflections of control surfaces are &4,
O0ps and dc for control surfaces A, B and C, re-
spectively.

The absolute position of gravity center is nor-
malized by the mean aerodynamic chord length
C.

;cg = (2 — 2/ )/ Cuc (D
where x. and x4, are the x coordinate of gravi-
ty center and the quarter point of mean aerody-

namic chord, respectively.
1.2 Grid generation and aerodynamic analysis

Two Gridgen scripts are programmed to gen-

erate the meshes for the geometries without and

with the control surface deflections, respectively.
After that, the panel method program PanAirt™ is
ultilized to predict lift coefficient C, , induced drag
coefficient Cp; and pitching moment coefficient
C,.
1.3 Surrogate model for aerodynamic analysis
For each planform of the BWB UAV, the
Oc ) s
Cui(as 8as O0ps 0c) and C, Cas Sas Op» Oc) are
computed by the above aerodynamic method. The

aerodynamic coefficients Cp. (a, Sas Op»

radial basis function method™" is utilized to create
the aerodynamic surrogate model. It takes a, 84
dp» Oc as input parameters and C,, Cp;, C,, as out-

put parameters.
1.4 Trim drag computation

The trim drag coefficient Cyp, i, is given by

Cp tim = ACp v, T ACp 2)

ACh i w = Chi_gefiecred — Chi_ctean 3
where ACy, ,, , is the profile drag increment esti-
mated by an engineering method"”’, AC , ., the
induced drag increment, Cpy g the induced drag
coefficient of the clean configuration, and
Chi defiecred the induced drag coefficient in trimming
condition obtained from an trimming optimiza-
tion. The formulation of the optimization is to
minimize the value of Cp, ;, via design variables a,
Oas Ops Oc with the constraints of a fixed C, ,as

well as C,, =0.
1.5 Tool for trim drag computation

A tool for trim drag computation is developed
by integrating the above steps within iSIGHT-FD
software, and the workflow is shown in Fig. 3.
The impact of each parameter listed in Table 1 on
trim drag is investigated under the condition that
others remain their baseline values by the pro-

posed tool.

Configuration analysis

| %1 [ %I
Geometric Grid generation
modeling and aerodynamic

analysis

Induced drag of clean Trimming
configuration condition

Fig. 3 Workflow for trim drag computation
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No. 1
Table 1 Baseline values and ranges of parameters
Parameter Lower bound  Baseline  Upper bound
A/ () 40 50 60
Ay /(D) 20 30.5 40
AR 4 4.9 7
e —0.3 0.2 0.3
2 Results

2.1 Impact of control surface allocation

The trim drags for different allocations of
control surfaces are listed in Table 2. The options
A, B, C signify that only the control surface A,
or B, or C is used for trim, respectively. "Hy-
brid” indicates that all the control surfaces are
used simultaneously for trim. The results show
that the option C has the lowest trim drag than
the options A and B, thus simplifying the control
system without remarkable trim drag penalty
compared with the option "Hybrid".

Table 2 Trim drags for different allocations

Option ACp ACh ¢ Cb vim
A 3.58E—05 7.41E—07 3.66E—05
B 1. 98E—05 —7.47E—06 1.24E—05
C 1. 22E—05 —7.48E—06 4. 70E—06
Hybrid 4. 05E—04 —4.76E—04 —7.13E—05

2.2 Impact of gravity center position

The impact of x, on Cpum is plotted in
Fig. 4. The value of ACy ., decreases with the in-
crease of x, until x, is greater than 0. 2. Subse-
quently it increases gradually. The reason is that
the value of C,, changes from negative to positive
when the parameter x., increases. Consequently,
the 8¢ increases from negative to positive and is
almost zero when x,, is equal to 0. 2.

The ACy, . descends with the increase of x,
when x,, is less than 0. 25, thereafter it increases

slightly. It is because the nose-down moment and
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Fig. 4 Impact of gravity center position on trim drag

dc decrease with the increasing x., when x, is less
than 0.2, and the spanwise lift distribution is
more "ellipical”. However, the spanwise lift dis-
tribution begins to depart from the elliptical shape
when x, is greater than 0. 25.

The Cp yim drops rapidly when the x,, is less
than 0. 2. After Cp i reaches its minimum at
Zo =0.2, Cp i increases gradually along the pos-

itive direction of x,, with values more than 0. 2.
2.3 Impacts of planform parameters

2.3.1
The impact of A, on Cp yim is depicted in

Impact of inner wing leading edge sweep

Fig. 5.
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Fig. 5 Impact of sweep A, on trim drag

Along with the increase of A,, the ACy .,
decreases since the outer wing area and moment
arm of the control surface C increase, thus reduc-
ing the §¢ for trim. The ACy .., is negative and it
increases with the increase of A;, which means
the spanwise lift distribution is improved. But the
beneficial effect decreases with the increase of A;.
The minimum and maximum of Cp ., occur at
A, =40° and A, =47.5°, respectively. When A, is
larger than 47.5°, the trim drag decreases gradu-
ally.
2.3.2 TImpact of outer wing leading edge sweep

The impact of A, on Cy, i is shown in Fig. 6.
When the pitching moment arm of control surface

Therefore, the

ACp . , decreases with the increase of A, until A,

C increases, the C,, decreases.
is more than 32.5°, and then it increases gradual-
ly. Consequently, the ¢ for trim decreases and
approaches zero when A, =32.5°. The ACy ., is
negative when A, is less than 32, 5°, while it turns
This indi-

cates that the spanwise lift distribution is im-

to positive when A, is more than 32. 5°,

proved, but the beneficial effect diminishes with
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Fig. 6 Impact of sweep A, on trim drag

the increase of A,. The Cyp ., decreases until A, is
larger than 32.5°.
2.3.3

The impact of aspect ratio AR on Cp i 1S

Impact of aspect ratio

illustrated in Fig. 7. The ACy ., decreases until
AR exceeds 5. 25. After that it increases gradual-
ly. It is due to the fact that the span and pitching
moment arm of control surfaces C increase. Mo-
reover, the C, decreases from positive to nega-
tive. Consequently, the ¢ for trim decreases and
approaches zero at AR=5. 25. The ACy ., ,, increa-
ses gradually when the AR increases. It changes
from negative to positive when AR is larger than
5.25. The whole effect is that the Cp i, decreases
until AR is more than 5.25, and it reaches the
minimum at AR=5. 25.
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Fig. 7 Impact of aspect ratio on trim drag

3 Conclusions

The quantitative investigations of the trim
drag for the BWB UAV have the following con-
clusions:

(1) Regarding to the allocations of control
surfaces for trim, although the option " Hybrid"
has the minium trim drag, the option C can sim-
plify the control system without remarkable trim-

drag penalty.

(2) The position of gravity center has a pri-
mary impact on the trim drag, which rapidly de-
creases with the backward movement of gravity
center. When r is 0. 2, the trim drag is minimal.

(3) The planform parameters have secondary
impacts on the trim drag. Careful selections of the
planform parameters can further reduce the trim

drag by 1 to 4 counts.
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