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SUMMARY

1. Subject

Pre-concept Design Study of VITOL UAV

. Objectives and Importance

For the development of basic conceptual design of the VITOL UAYV, the specifications
of existing UAV have been investigated and analyzed. Then, experiments on the
in-plane thrust of tip-jet rotor powered by small compressor and turbo-jet engine have
been performed. Finally, the rotation test of blade-like Y duct was done successfully. The
design tips of optimum duct systems, which plays an important role in this type of
tip-jet rotor, were described. The whole process of the research would be a valuable

reference on development of full size tip-jet rotors.

. Scope and Contents

1. Investigation and analysis of existing VTOL UAV

2. Presentation of basic concept design for tip-jet rotor gyro-plane

3. Design and structural analysis of a reduced scale tip-jet rotor

4. Design and manufacture of a simplified reduced scale tip-jet rotor with small
compressor and turbo-jet engine and measurement of the in-plane thrust test

5. Design and setup of the hover stand for the future test

IV. Results and Suggestion for Application

The results of this research can be used as the basically conceptual design data for
'Development and Research of Smart UAV’ in KARL
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Kol d] 3 A (Unmanned Aerial Vehicle)# Atdo] ®H<53lA @2
AFE Fsle vPAE D3 o Bof AlFel HIeH7] ofdE A
YA Ao vdeo] HEsle] Hr £ T8 Fdste Aol FEHolH, v
o AR TS st Z1A o] HAHAHE @A A do
=g v ES AAFdM e FAE 548 s oA
Felnj g ARg AP storn, AR FES VeEHAS
3l A gREe] FAugA Ayt n4E HAFE ofFAAA oy, v
= DARPA(Defence Advanced Research Projects Agency)2l i-STARS} #2 3] A
o] FolulgAe] AF% &9d APHy vt a2 nAAF A EA4S
HEAZ FAdulaae AFd Be #alel AFA doAva A FAelH, w=
BoeingAFJCRW(Canard Rotor Wing)7} ™) %% o]t}

3lde] wga & dYFHY Fee diHHoz AXdM EAs
o] &3t EHE HHANA FHE o
of 2&3lA "o o2 QUste] e
2HY AS wtEAS AVA A H dol A
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o2 Asugs A " 5 il
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A7 AAHT gle
Al A A S e

o
2001 B 10%0°14 A skl 2012+ d 1009 @39 Al FR7F 42 A
o2 Agadt. Fue ABS LY A3 Azl g5t 2010874X RlFE 2
180, 205037k TAHS- 0,000the] 87t Jemz olE JuelA i, Hgst
HgESF Y 2 2 S Aol 719d Zejnh
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* Eagle Eye

2 olo](Eagle Eye)= F 7h9 ©E ZHE o]&3H, WA/t HEFAEE o F
oAX el wEgA oty o]F ool HE ZE A|2HE o]&ste siTdd o3 8
FHE 57 | ABATE WEAIIWA, DO MUY SRR 2] b5

FoAogE HU o|FF o] 2250b, A&AEIE(service ceiling)7}t
14,500ft, Ho] &3E 71 165ktojth. 19863 BellAl$} BoeingAl2l HHoZ 1ty
Ko, o]F BellA7} HAH o2 AEg 583t ATH

18 2 Eagle Eye

* Heliwing

delYe b AE(tail-sitting) & 0] &3 FFol&FY NS H2ESA 4
A/ARZRD 9 ulg A olct BoeingAtell 23 19936l 7ol AlZHE UL, 1995L4
To Hxo AFuPS Yt o] ¥gAe nHY BN/EZHE ol & &
Hulgho] 7tesitt. gL HZ wtwgez IHse= F U 2HE 01%6}
o 7 olFE n, dIFH 2L A (hovering)S Frirl, HolH:=
(transition speed)el] ThthE wW7}x] FRAFejA FHIMES A D HolSE
o tiohz® A FFrIEF 2ol £H 2/ FHE BYgstr] Ha A
(pitch)E u}A dct £8ug Zooqe 200kte] £E2 H|go] 7hesdta, F3F
22 1,200lb, §AFElEL 200lbelt). 17ftete HlalZ Ze gy dolE z7] w9
& o] #HF T A G (Perry-class frigate)oll 3+ the] d|FElo] Tt 4t
a9 A7 7Hs stk



1% 3 Heliwing

*  Gyroplane
CartercopterA}7} 7Hkg "ol 2 &9 91 (Gyroplane)& d2|FE et v 7S 3
ZA%e £ mlggolty. dwog wyPre % Sxrt wEAT EF27}

god olgaly] otk WY FYFHE FL IUW dow ok TNy o)
Fo] ZhsatAR Mgl Ms) =7k =Y @yol Ak o MAAE Az
g Rol old BHL AP otk AolzTHle ZEde WU 2
A%ES Foln, ofrldtt B4 Ao 3 z2ddg 93, FHoEE MY
9 e @AS Yob FYS de WY HPEEE FTAAT Al2E
& T 5ueskm/he] MPSES Row, £FEET AL 8Wdkm/hAAE b

st Aol e 7FE dFEHuEY e nugoF 2y ® AYE uyd
F Stk PFFSFF(NASA)E o] A7l 1003 227t d= Z]%—% shal ok
http:/ /www .cartercopters.com®] &}A|3F A o] o}

198 4 Gyroplane

* i-STAR

i-STARE Allied Aerospace] o3 AWZ<l, HES ol&3 52 e =
1 w3 A o]t} General Dynamicsoll €3] i€ LADF(Llft Augmented Ducted
Fan)7|&& o] &38le] F2o|& 53 FAXuld, AL 3, A& HgPA o] A=

el (autonomous flight control system)g ®A13tx Utk E3h, co]XY e 9
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€ o83t wE AARYE sHsstA stk A4 9ine] PO FH HF7L

E
A AR ZA7E A Fo] ybssith 2000d 5] DARPAS US ArmyZ3g 43
S 15009 @] APg of& wrob A Fofl Ut
1% 5 i-STAR
« CRW

s} Egole 43 o FAlde ZH Y 3H& o] &t dEFE G Zo] olF
gta1, 3 HlgAldle ZHE IHAIA 1A FHE HPst= F<U HIHA o
o A4 BHEW AE o]§3tm, A=A udH} Hoj(transition)A] AW E
(diverter valve)E o]&3}a] 2EH Eue EAl 712E 2Eg0 7R wbzk g
o2 ZEHE FFAII7] Wi BtEZ AR e} FEASHA Ha gloh Wi,
TAZLE, g, A0S A4y olFde e vhdE fFE5S ol &% G/ E
B Al2"ge 350kte] £ 2 500nme] A g
McDonnell Douglas®} NASAo| 9l A2 <
ol3] CRW 7ide] #3x 3dzte] A3dart ¥y

wgd ¢ YA o 1993

1% 6 Dragonfly
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*  Yamaha

Yamaha MotorAtel]l eja] 7 4H¢l8 <l dejFeolt)y. HIgtgA Zne
AEB1Y-e 3] AA A 7 (attitude  sensor)9t Wl el ZH7|(flight pattern
control model) 18] 11, GPS(Global positioning system) 732|719} F41 258 &)
S ok AAARES o83k 0kge) S WA A 10km F-& 90Ee] u]FY
o] 7bksdtn, AAIt HFAFY 715E vk 1980 ERH A77t F o
Yamaha R50¢] 7§EFE] 131, 19973 X B+ Rmax 7]£o] F3=E ATt AA3 A
R = http://www.bve.com.cn/eair/RMAX/rmax.htmlo] A7) %o} glc}.

el A%, Rzl A% TYHTFATLL ASH vIEst GEHo| AH E
eER 27 obd A
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< 2 ATelAM Ad e

a9 8 AR 28 Aol 2FUY AR
L 54453 98 289 Adad

oM 2/019 ZEY MAR)EL 4m, AIZ(C)E 04mE AHAS A, IHTFQE
300 mpme 2 A A sto] AAHE Al EFgH

Ao F=% W, = 300 (kgf) = 3000 (N)
Az &2 HP = 80 (HP)
(W 98 2% 4=
dRBaoRe AL ATARE(sfc = specific fuel consumption)& 0.5 (Ib/HP/hr)2
2ASHE A T,
W, = sfc x HP x hr = 05 x 80 x 3 = 120 (Ib) = 54 (kgf) = 540 (N)
gy, 3 o]F ¢ AES

2 5L AP VAT 2HE T YOonE AR
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Fo) 1y} uY molH AAHE 9B FFS Ystolok o

€ 33=(UL = useful load)
U

£
|

L=&4 8% + A3 £ =40 + 54 = 94 (kgf) = 940 (N)
(2}) Disk Loading

DL = W,/zR* = 3000/(nx16) = 60 (N/m2)

(vh) &% Edol=

84 ol8% o§3 FAYFL 9 Y, Ea, &9
A AL
Cr, =57 /rad, Cp, = 001 /rad, p = 1.225 kg/m*o.2 AAsI 1 }&9 F2 0
E2HY FE34 B3 9 HHS AL [7]
T= C; pA(QR)? (1)
Q= Cq 0A(QR)*R (2)
P= Cp pA(QR)? (3)
o] 7] A,
1
Cr=Cr% fo(é’rz—/ir)a’r (4)
o~ [t a (!
Cp=Co= fo AdCo+ -5 fo Cpr dr 5)
_ _Nc
0="p (6)
2B Lelol=rt A AAZH ) AT, FATIL #AG Aol
_ 0 9, A
Cr=7 . 3 2) )
o
CP—/lCT'{'gCD (8)
oCy, 64 C
714, 178 \/(” 30C,. )71 om, gAY W A= el el
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CP: \/—2‘ + 8 CDO+ACCT (9)
V.
A= oR

2709 29E9 AR 4m, AHHCl()°] 0.4m= HAs 2, 3HF(Q)7F 300
mm¢! A$ol Cr, =57 /rad, Cb, = 001 /rad, p = 1.225 kg/m®, 0, = 8°l ©vjs}
+ 8o Zzh 41407(N) = 414(kghHet 75.4HP)E Ho T
991, 8L oA4F7 g olw, 28 §-&(Figure of Merit)

$elo] 2Ho] Aol A5, REJL £V £
% o 4
}

of glow, Thut, A vl el Mt zHel Po| AEHTE, A7 vy
8% 292 ANY we o gz 2P melstelop Bk el e A
2 gstel B AGHAME $4 o] ¥ FHE BANZ @k

A s SR W,)E Az s drbAl FE vl iae vha3 2o

— « 0.1
=2.36xW, "8 (10)

A71M, W ol&F e, W T35 Felnt

9ol Ao =7] AA ZFOoZ 6615 1b(300 kgh)S UiYsty dg FZu| S A
Stk 9B Ty ANS AT AT AL o F, 4%, €, M, FFos
I, olF, s, IAF di FEuE 7hzE 0970, 0985, 09952 stk

YA dB FHE



(11)

, Ra= T3dAZEA 60,960 ft(200

km)olil, Ce d8AN&2M Zededyrle HdE 28eS A=A FF7)
of g 7F HidE £X &8 YEhd Aot ol g FAoRE FddY
1%
€= Con 5507

(12)

&5 9 60% = Folba 27331 ft/s(eF 300 km/hr)olat, Cop

, 0801t watA CE 0.2485/hr( 6.902x10 " °/s)eltt. L/De $-A4

3, olw ¢=&A)e) dE FakuH = 0.9980] ).
MAM dg FFPu=

14 = @D

W (13)

o7|A EE #&A-0Z 3A7HI0,800 s)olth. wEtA A3Ale] Am FFu|E

092801th. z+ A$o A7 FFHE FaW Ax JRE £y Fo FPynjE 7
& £ ogla, oA FE g db ARF 6%2 HEH HA] dg FTu)
( W/ W7b g2},

(14)
AN W/W,= 2 dFAlole] ZHuE Fgk vl go|th 9 Ag ol &3 A
AA A8 FZu)(W/W)e 01270tk a2 g7 = FZo
w,
W_ pavioad
0 VVe W,
A (15)
ol & 4 9 oluwle W,= 6309 b2 AAET o & vA =7 AA F
Hgog Fi, Y9 AAS U wtESHA =W &) Ho F32 oF 645 b (%

293 kgh) 2 FHeA A
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el th A &S s FAR23 A4 ¢
b(e¥ 5600 kgf)olstel 37 61 kt(eF 31.4 m/s, oF 103 ft/s)E A

=
2
ok
oil
— fo
-
ol
L
't/
ol
2
ik
Y
IB
M
(il
B
2
ol

IEE A5 TEE 7)F(p=2.3769x10 "slugs/ftH) o2 3 1, C= =
[e]

2
of e BAHQ Wi At ¥ A% 12-1504 122 Fgkeh ol FAlel o

g

= % oVeuiCr - (16)

olth, o] AAF A3 WSt 1513 Ib/ft? (2 725 N/m?e] W2t o] g2 drbAQl
shibel RS g FEriY AWsrEel 17 b/ft?d v s Hd. w
7} 645 Ibol2 2 Y7 WA S oF 4263 ft2(eF 4 m?)olth

F}EEZ 300 km/hr(83.3 m/s), Coe 03(FASZ e o, 482

ol &, 1140 Ib(eF 518 kgholth. mebA, @A HAEF
atn, 238 Y/ AVE FY F dE AR d44dn.

(vh vle =7 24
2 me gAY AA(SmT 9 mel Wl WA(Sme TEe fHoz
Asbe 4 gk
S, .= CvrbwSw
VT Lyr (18)
S,== cnr CySw
HT Lyr (19)

9 Aol M cypepre mE] F3 Algoln, by @l 29, Sy FEe W
A Cy= 29709 Mean Chordol:, Ly, L= #9749 025 =

ghe 95% =AY AR(F, RUE el oot} dWtHo® <lzlo] H
=1 WE ke EA o oF 45-50% AHTolnZ, FTA

X

do)= o 3 molth.

I
o
N
=
D
8

r o
o
o
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mey 2y Age ek ol 31 A cur = 07, cyr = 004014 °]
o Aas me de uye e 2o
CvrbwSw _ 0.04x5x4 2
Svr= ~(.27
VT Lor 3 0 m
cur CuSw _ 0.7x8x4 _ )
SHT_ LHT 3 O 75 m

=2Cs - FF,* Q. Syt ref+cD +Cp,t+Cp. (20)

FEE71 300 km/h JJEH 7} 500 km/hol‘ji o] &g 7l

21 20)ol Al Cr= Roskamo] AA3F ez 2 oF 008" =2 AASY
Gl mel dolel YA FFEE og Heg 38 4 gk

¥

FF=|1+ (g/gm(t/c)+100(t/c)4][1.34M0~18(cosAm>°-28] @D

K 058 AH&Th w& viskE(M)7F 068 EA &7
0308 AR Ay fex FANZA ¢ 012 AAsAHt 4.& F57
Aol A wlgYstr] g FHAS FA 2 ZAoF JHAs 0°2 dAstAo
webs Fehe] FRE 125013, mE die] FEHZE oF 40° AER 7SS

AN (2, FANS WG] Y Hu FARM, A% Age| AE
% = !

A9 GYA4 FFGe v 408 78 & Yok

60, _f
[
A7\ T=Golm 1& A Ao, 4= EA e ABolme EFA do| 6m, A

d
& 0.6 mZ AR st FF= 1.08501th



el Ao zpHAA Qo @2 1.00]3x, meldile] HAEJAA G2 1.040]H
1‘:—_}7}19] Swet% 34, %Xﬂ/) Swete_ 25(1:}13}:1—]?_ '/?: ﬁ), '/F =) Zﬂ-a]‘é]—ﬂ'}g] Swet‘%
Nel Suul 077801t o] gEg Cop ot o stz Cp 2

Cp= KC; (23)

o
_,V_‘.
£
N
2
=
Ho
1

ol
)
S
=
L
gL
tjo

F8t7] 98lA Osward =9 &8 A

SMe AR, Osward B8 AFUE ASAN KE FAE BAe

1

K= 7TARe (24)

oln, 7|4 ARE Z3H| A A3o] 5mY w 6.25°]1, e Osward 2= T &
ATZA o] g2 g/l FHZe] 30° oletd o
e=1.78(1-0.045AR"®)—0.64 (25)

].

ol

2 OFE 4 9la o)&@ A e egke 0861501, o & K& FIte A dig
W K=0.059% AAtd

oA FEHe & u’H 1A g Ald 03 ol&stH A(23-25) 22 Y
Cp=0.0057} AT, waa, Ax Cpgre Sazdds g ggolmz
0.021°] v, £ 9 &8 o 7872 Ib(eF 35.7 kgholth.

orell A Akt 3 oz FYAY dyulE oA Axtsind o 1457)

GJom olm e FHe

Tp= -0 = 3000 _ 906 g (26)

Pr= TgxV=1206.9x83.3=17234.717TW= 23 .45HP (27)
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whebA, zheFs] AAe Ao W Hal g AAlE e FFo|AF P
140 Fulge] MY Ao wuEn)

ols} e Mo FAgs, A5 @ sHuPdM sgHE FHY 2HS A
A 5= oglon, Baolmel x| wWaleh Wil dolwg uEd A4 ANE B
stol AF YA AARG
3. %43 R/C 249 /447

4% RC 292 2 ¥3(Im)e Fishs ugz 4ATG g 5o 1/4%
Zadte 2d9 AYS oS E 10 s

%1 4% RC 249 718 Ad1/4 22| 744

g = A7) A (1) =4 Ad(1/4)
TAH 4ol 6 m 1.25m
2¥ w7 4 m 1m
Z2H m= 0.4m 0.1m
= et 4 m 1
HA 54 s ¥ 300 kgf 20 kgt
T Zs AW &9 80 HP 5 HP

A719 FUF 28 €9 £2E 7V A e 271 2HY 3 S50 4
719l 4uj7k Hojop vk A7) 289 3HdF7E 300 rpmol#ta b, £47] 2
o] B AFE 1200 rpme] Bl ZEVF @ASE F2Ee A(DE FEHRE T 7
Ao 28 €9 $2(QR7E Zod, 38 29 AP H(A=aRr?)ol vl
wEkA, H4 2l 2H A & A7) 99 1160 A o] A, H47

4719 /1601 85 ¢ & o 28R, F4 29 Hd T A
Zyzh A7) 9] 1/16i /st
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A 24 548 HAE 26 A 2 AT &y

(7h =& & ©]& (Nozzle Throat Theory)
G424 FA 4% w2 45 oEL g
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W, 4 )HH Bad =2o BRHE 7T+ 9

A<, o =
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T/L = m( Vv]et - Vtzp)+ A* (p = p) (30)
I/]et = \% 7RaT* (31)
T" =0.8337, 32
p’=0.528p, (33)
V., = R0 (34)

EHol= Helx9 LT E F3817] A3 ZH uiFel ZHE HIYOo2RE A5 ¢
2
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(coefficient of thrust) @ E = A 4(coefficient of torque)= Ty 2o o3l A4kt 4= itk
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