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Attt sAsL 2 dlelEz2gvt Re—85X104
2A, AA gE7e] golmzgd HIEH e gojolr}. B
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, I of|o] £ (Tandem Airfoil)

Fig. 1 Tandem wing type of VH-DBL
Viking Dragonfly Mk. 2 (Ref[1])

Amateur-built aircraft?] Viking Dragonfly Mk. 2 (Ref[1])<]
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(Education-research integration through simulation on the net:
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o T ololxale] YAl v A4 APE 19
Ak Qg Aol A, B AR 1 do)iszdol A
9 ofolZY FEUY dole R 9F oo TN H9 5
A A7 HolHE olgalel, CFD a4 2zEso] 9 a
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eMEGAoIA] A s AXE g djalzlolA] Q1A1E 4= QA
at7] 913, ;KFLOW EDISON Preflow;Z o]-&3lo] Az= Wl

LEEE

=2 oAy, dojxd ki wAs T

% (Laminar flow)o] olo]¥Q FHS s=wA o]
(Transition)Z E8) 3 %5 (Tubulent flow)e2 WHgtdTh
o] wj o]4-7t (Transition reglon)—— dojxd J4 2 F%
Z70 we} gE2n, 53] =& AcAdME Hol1ke &4
Hog dF3y] PErh £ =RoMe oy fee £
571 $18l, v— Rey |29 (Transition model)Z |

Reynolds-averaged Navier-Stokes (RANS) solverE ©]-8-3}3]th
71¥ Navier-Stokes 41> 4 ()7 o] ehdth

Fig. 2 Overall grid (left) and near grid (right) for single
airfoil (401x101)

Fig. 3 Overall grid (left) and near grid (right) for tandem
airfoils (491x101)

af,  ofy,
Ny gy T T, M
ot ot ox;  Ox;

o714 qi= 939 (Source term), f; B ;&= 77 vA
3 (Inviscid term) 2 A3 (Viscous term)S LERATE

2 =RollAe =2 I3RS (Spatial differentiation) S 9
3 ROE flux difference splitting (FDS) scheme ©]-8-3}%1 L
A%} (Limiter) 2% 32+ 42 monotonic upstream-centered
scheme (3rd-order MUSCL) ®'H-S- o]-8-38}31t). WHEAlAke] &=
HAS 7171 S8, 197 Multi-grid S 288131t

3. 43
3.1 SS4E oolefetel H|nE S8 =Y ooz
o #HolA
24004 ol SiA AR, siAAE 2o el ojgk
FEAS Aset] sAsl, o Oﬂ?XHRef 7])94 CRCA
(Wind-tunnel test) Hlo|E|E &85t S48 sz
o nlelE M=0.15% aﬂ 525 Re=6x10° o]u,

ofo] 224> NACA00120] T},
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of a Exp. (Ladson Ref.[5]) a Exp. (Ladson: Ref.[5])

KFL W - ~ KFLOW -Re,

02 5 2 5 1 75

Angle of Attack (deg.) C.

Fig. 4 C;— « curve (left) and Drag polar (right)

sk Exp (Gregory: Ref.[6])
-10f KFLOW-Re,

of - -

ns Exp (Gregory: Ret.[6]) of
KFLOW-Re,

OIZ 0:4 xlc 015 0‘8 0‘2 O‘A xlc 0?6 0‘3
Fig. 5 Sectional pressure distribution at AoA=10° (left) and
15° (right)

3]

§]’T;_‘ - U/\]_EL 74 o7 oﬂ)x]—&]\:}
SO, AoA=I0® R 15°9 &
By 2 vwsd Fg 59 #oh F
%LOW 2714 ‘ror

3.2 Fx4AY Hlo|E{etel HmE S5 HHE
o #AolA

Fanjoy el al. (Ref[7])2] A RolAME vles M =0.2 ¥
olz24 Re=6x10" 2 w87} AcA=8] 3,

CFD (Fanjoy: Ref.[7]) CFD (Fanjoy: Ref.[7])
KLOW-Re, KLOW-Re,
3 -3
2 2
o o
o (8]
1 -1F
0 e oF T -
1 1F
DIZ 0‘4 0‘6 DIB 0'2 DI4 0'5 0'8
xlc xlc

Fig. 6 Sectional pressure distribution for fwd. airfoil (left)
aft. airfoil (right)

9 Aoz X3 F 79 NACA012 ofo]xde wels)
S ATk 2 =Eellrs 9y o
olxd Alolzell et F5 A ASS s 9 &

sk = Qo] B Aol 209 % 4l
Ao =AY AT Ref[7])9} 27Fe] 27} Qitk o),
Aat Az 9 SiA Wy 5o AJoloA 7|93t Aoz Fek
i, Ref[7]olAM = Agigkzte] vlar) glonz ojd At
ol Ei ﬂ%hﬂr_ ghko] ot SA|NE W ES Aol =

A 2 EEF HE B o, B AP
A€] %% gApo] Wiy ofo]x A Ao| o WM E H

B AFoAE, T oolo]xd ke Al A 2 A
FAAYE 47 SCeF G2 Wwstal, F wgo] gk A
Ao 3k Q1A A (Parameter study)E A 3siict F+
dojxzde] FHAAE e ste] Table 13 Zo] 914 <UA}
olo] 3 =ALZ Fig 73 Fig.

Table 1 parameters for relative positions of two airfoils

Lower | Baselin | Upper
bound e bound

Horizontal distance (SC) 2¢ 3c 4c
Vertical distance (G) +0.5¢ Oc -0.5¢
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R Table 2 Variation of lift and drag coefficients along with

R T % 0 1 B2y : horizontal distance SC
: PGt 1 T : Briii o nio s n C C
et ;e gz e Sae : :: AoA = (° l d
T p s R S 0 (diff. counts) (diff. counts)
N . : R SC = 2¢ 0.0 (- 0.0181 (-1.63)
s AL SRR Pt PERSS LR SRR SC = 3¢ 0.0 (- 0.0183 (-)
S e e e o B T e o o SC = 4c 0.0 (-) 0.0183 (0.0)
: . : $ By PR aialn i : : AOA = 2° 1 d
Srlosiiiiasiioiiiaditiianiiniiia s 3 s i 0 (diff. counts) (diff. counts)
B IR SC = 2¢ 0.4355 (-74.22) 0.0179 (-1.19)
B etk SR SC = 3¢ 0.4429 (-) 0.0180 ()
; e i b ted SC = 4c 0.4445 (15.49) 0.0180 (0.0)
PEEEERER i daee b G C,;
, 3 , it AoA = 4 :
3 - 5 : 0 (diff. counts) (diff. counts)
i ) ) o SC = 2¢ 0.8886 (-44.82) 0.0188 (-0.71)
Fig. 7 Horizontal distance (SC) change between two airfoils SC = 3¢ 0.8931 () 0.0189 ()
SC = 4c 0.8952 (22.29) 0.0189 (0.0)
s ;OASC
TS [ 1?_ SC=2,fwd 1: sC=2,aft
SC=3, fwd SC =3, aft

OBI SC=4,fwd| -08F 1 ——— SC=4,aft

3!
Ge

. 9 Sectional pressure distribution for fwd airfoil (left)

w2 Alolzel W@ VIESAE SO, 602 Ao, and aft airfoil (right) at AoA=2°
oF ooz AS TAANZ A H ol EDE ol Fdle] dAbE
A, A dslrishe VI ol i Fig. 95} 2t} Fu, ¥ dold weld wezte A
zzgf—;aiziﬁ?g]dﬂ Hall, F oo EY Aol AxMAYA 2%157; o], oﬂﬂgj‘:‘] oA Lgoix%]/}j“% %%.Hka
: A gl 7 4 dow, mek A= (Viscous
dredEs v M=020 8 ACIEET gpge) gpee] te A ETE A S, A Cell i
Re =6 10°NACAWI2 95 ol elo] esml, ol e apele) vl A Fig 99 9% e
32704 e Aolast ot dvbHQl Fevle] «¥x B, SC=201 Alo]27} sC=39] Alo] o] H|a, oF oo}z
AL wEfste], 7t 9 AoA=(°, 2°, 4°7F a1 H Tk oA Slotel gl (A Oyt Z7kak e & 4 ok 3

2k Q8% a#EA UERd ZAH, F olojzdeA
ALl £~ o| Xlod
42 oLH To7'IE-I (SC)-n_ I'l_:I'L ) ) AC/} = %_Q_E 4}5\_3}&’11 = ;_.)E]'g’] %ggi ?JE_H
i FEAY SCE WSAATIY #RIg G 2 Gyt
9 7]E Alejzo] tigt Aol count T Z UERNE Table
291 2t} AcA=0°E ATk LA WEEZolA, SC=2 & W,

e Eo| O, gart YAoL, Col & Eor 7Hasg dojzdele] ACT7tR 8l Gol o7t e Ao

t}h v, SC4 A A9 G, 71 §lol ol Skt 2 Bt} o5 EUR, F oflo]xd Apele] f-57Hdo] Q)
’ ‘ oo oAbl 4 9lth

AoA=2° o] Tjat ok oo xle] v ey s Hlwald N e= T
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Fig. 10 Field vorticity contours for SC=2 (left), SC=3 (center), SC=4 (right)

dejxd FHE A 718 T freo] 2 =AY # A SHellA Bt =& FYFES HoFa Stk H o
% u) Qlol WRAEOR WA B, Aoj s ] T e
SHr (Wake)E LAAIZITE & dAFolxe 7 olojxd A} 08 S b o hsah
ole] fEMAE Mws] AW HEF W 4R fEL ol T~
vorticity contour® F@3}3] ™, Fig 107 #2o] HERHSIT s S/ /‘\\\;
Fig. 10014 & & dxol, & olojxdelr HA| o7 & 02 02! ~
5ol 5 oo X2 obdo] $EAIL glov], Sce} Z7jol u} el o
e 2 ol Eol=th Fig 99t Fig. 102 71 Hlasto] 2 By ‘ e
o, ok o oojx oMl o7 frEel H oloEd xle xle
FE W57 (Effective AcA)S HAAIF =M (9] Ao Fig. 11 Sectional pressure distribution for fwd airfoil (left)
Jeleks Aow wehd wekA SsC 27l mel okm & and aft airfoil (right) at AcA=2
& Tt EolEaL, & ©5Zo] A Wzt 7Y Table 3 Variation of lift and drag coefficients along with
A G o] oA | AeRE Btk 7|E SC=3 vertical distance G
Alo] ol Hlsl SC=4 Alo|xell A, 5 olojxde] ACT 2 AoA = 0° G of
AL o] wWEelth wEky g W) Feje] )M (AT Acounss) (il GO
= U2 sbsdk o Wa) wolmals Ao] feld pom G = +0.5¢ -0.0065 (-65.02) 0.0171 (-11.57)
AT G = 0.0c 0.0 () 0.01826 (-)
o = -05c | 00065 (65.02) 0.0171 (-11.57)
AoA = 2° G Ci
4.3 Aol =EAHE| (G) AxAT (diff. counts) (diff. counts)
o 477 G etAAN gag ¢ 2 O3t 2 G = +05c | 04455 (25.69) 0.0174 (-6.52)
71 Alo]z=o] ti3t Z}o)= count T = YERNH Table 33} G_= (:)(;c 042;:2915(5_)44 Ogi(;ilgo 6(29
2 W27t AoAPIAIE G=05e, 05 Aol2rt Aets e | O é ) : C( )
= = = ==z o = l d
dst di3es Werl el el S7F % Aadel ¥ AoA = 4° (diff. counts) (diff. counts)
dsta, 8 Z7 T3 $ATh AA=PS A9F L] G = +0.5¢ | 0.8941 (10.55) 0.0182 (-7.21)
2] WL ZbA, G=+05¢, 05¢ AO)Z BE G=0.0c 7o)l CAS10.00 08931 () 0.0189 )
> = -05c | 09076 (14545) 0.0182 (-7.22)
el =2 O w2 Oy BTt 7 Alo]zelA ]
Cy 22 oF Teounts= 719] FARIGA oW, G S7HES o] AL G=H05c, 05 7ol HE =o Folghes
G=0.5c Alo]2~7F B =9kt AoA=2°0] digh SkF oo HelFn gty F Aol BE (o] Zrlglon, Ed
2 PEREE v Fig 117 2k oF olojxd =
égl %U\i 1:]*1\__“1' H]JT_O}'U\_:‘_ Flg llJ”]' 71’5‘:]' 3 o]}(HJ'E G=0.5¢ ﬂ]o]ioﬂ}‘i _01_7]_%]:0] %9}]\_@ Z‘i'\%‘ O:T]_—lﬂ Oﬂoii%_]oﬂ
oM, G=t0.5¢c 7lo]2=] 7% G=0.0c o]t Ak

A BE A G AR oz Bere,
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Al Ale] 2=l thgt vorticity contourE 3

FEsHd Fig 129 2t
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Fig. 12 Field vorticity contours for G=+0.5¢ (left), G=0.0c (center),
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