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Analysis on Aerodynamic Characteristics of the CRW Air—Vehicle
Seong Wook Choi, Jai Moo Kim

Smart UAV Development Program, one of the 2lc Frontier R&D Program sponsored by
MOST(Ministry of Science and Technology), was launched in 2002. As an air vehicle for the
Smart UAV, CRW(Canard Rotor/Wing) concept was one of the candidates compared in trade-off
study. The CRW concept has not only been proven completely but its aerodynamic characteristics
not known in detail yet. Two calculation methods were adopted in this study to obtain
aerodynamic data for the CRW. First method was the superpose DATCOM method which is
capable of three lifting surfaces, and second one is the full Navier-Stokes computation around
CRW configuration using overset grid method. Basic aerodynamic characteristics of the CRW
configuration was analyzed and the minimum drag level with lift to drag ratio is presented. The
peculiar flow characteristics around rotor/wing and hub were also examined and considered in the
configuration design.

Key Words : AYE 2E/%Y(Canard Rotor/Wing), &="FEFQIZI(SUAV), 287 = (Empirical
Method), AAH-% 814 (CFD), & 433 (Minimum Drag), ¥&#|(L/D)
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Fig. 4 Dragonfly(X-50A) W/T Model(E1)
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Fig. 6 L/D of E0 and E1 (W/T)

Table 2 Aero. characteristics of CRW (W/T)

Configuration | CDmin | (L/D)max
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*Estimated
2ol A E09 HAFHASE 0078 (780

counts), E18] ¥ A4& 0.178 (1,780 counts)S]
gtolgt= & ztelE& JYeulA HA 4714 El
o] FYFHL Fig6el dFHzRyg S48 F
Aolt}, F Ao g3Ium & FAolE 7IAA
g, Fig6d FF=HozHE 4 E09 F
o %3ui= 90, A E19] 43H|= 50 AE=R
velgd. olel & T HAdd digd FEAHZE
25 &9 7124 FHEAYE Table 2
of AstHt.

AE gF71Y AFTANNE AAANE F8 ¢
A9 st Ho gEujela, o] ¢FguE A
idte AE Ha YA Sl mgak] B @A
ol el AMIMA GANA FAol W F4
FEAFE vgAY AL 2FAE HF F8
& 82 F9 shiteldh

2 dF9AE Table 1949 & 2uleR
A71¢] YRR FEE ey CRW ulgAg A
A4S % 1R FEHASLE d&2/4F 8
A& BRF gt CRWH A9 FAASF
dzdE 7129 ¥ DBel ZAFH 433
H(Empirical Method)®} Y83 A ol
g AMFEFHNES 4G HEIHan, oF
HAFE =X/ CRW v @0 g
AFHA FYAFE AAsYH

L

1+

ol £ ol

HA+ of

N
0K
M
0z
i3

21 HEH o sy

CRW H| A THAST 45& A% 2IA
WHozE 249 374 U FEAF Q&
of F2 ALo] F§o]& DATCOME o] &3t E
d, CRWx 139 HPn=oA 3719 IZA
HPHZA 7]&€2] DATCOM ¥ & a9z F
43 F7F gk ool weh FHW @ EPdY
2 ANE #3951 o & die FHAINE
Superposed DATCOM =M3{3]% FH43qd. =
¥ DATCOMY #Hd&e 7j& F3T79 39
DBell 9j&3lnz Bldd oojxd sl e
& Zt= CRW HldA9 g3 AFgA) &
o gd, dxe FdHdz Z2aRL A
3 °]E o] AFE Superposed DATCOM 23
o AgAA AZHA FHATE A& A3l

22 MMRSHN 74

CRW ugAe] g HiafFl4 L Pandya
and Aftosmis[4]9} s} FU3A FPP Aoz =
AFE Q). o]E2 X-50A Aol tidle Euler
g Zmy AzpA(Cartesian Grid)E AH&
sle Hojn|y =Rzo diEd fFIAHE AY
(steady) 71 o2 F3y3lo ZE/99 $4Z
o E v g FHEALE A

2 fE5Add AHEE Ay e 3349 ¢
%4 ¢F Full Navier-Stokes W34 oln, 43
H Moz E QER Y2 TYARE, 9F T
dqe dZds LuadZ(DADDE H &AL
2 AME 93 Hed dHELS 1-0AHY =2
9 <l Sparat-Allmaras E @ ot}

A4d AAV|YE FREAR VPe2N #F
NI FHEAE PolEd = JEE A
Hon, FARRY AIBA E EHEL ZolF
v FHEAAE AAY Zest AHEEHA

e

2| &}

3. g4

o2

3.1 E1 84 4y
£RtERQAZ] AgRME CRW WAl
WE A2 oldstn 1EHY FASHE

ots}7] $1a) CRWol dg 27 Axvold =g



A8A A4, 2003. 12

CRW vj3ae] 34573 34 29

Fig. 9 Surface grid around E1 (3-view)
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Table 3 Grid points of E1 grid system

Component No. of Grid Points
165 x 77 x 81 =

Body 1,029,105

Wing 161 x 51 x 31 = 2562541

Canard 141 x 41 x 31 = 179,211

Tail 141 x 61 x 31 = 266,631

Total 1,727,488
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Fig. 13 Drag curves

Table 4 Flow condition and configurations

Flow Condition (V=400km/h @H=3km)
Mo=0.32
Re=3.5x10°
(0.563m)
a=-4" "~ 20" by step 2°

~ Combination of Components
Body only (w/o Hub)
Wing only
Body(w/o Hub) + Wing
Body + Hub
Body(with Hub) + Wing + Canard +
Tail

based on Wing MAC
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Fig. 15 Lit to Drag curves

Table 6 Aerodynamic performance

“Flight | Speed | AQA : ,
Cond. (km/h}\(deg) Dt OO
Cruise| 400 | 2.5 60 |05] 0.084
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Range 338 | 43 @(+/1/D)max 0.7! 0.093
Max 8.5

Endr. 270 | 8.0 @(L/D)max 1.1 0.120
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Fig. 16 Aerodynamic performances curve
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Table 7 Drag due to interference

Body only | 0.01874

0.03520 | 1.00
Wing only | 0.01647
Body of BW | 0.02091|

0.08178 | 1.19
Wing of BW | 0.02087

 Body of All

Table 8 Component drag

Component co B
Body 0.01874 26%
Wing 0.01647 23%
Hub & Interf. 0.02444 37%
Canard 0.00387 5%
Tail 0.00541 8%
Total Q.07112 100%
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Fig. 20 Streamline around hub (SNU W/T)
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