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SUMMARY

The design atin standard class sailplane 1s oullmes here as
an iteralive procedure . Since The cruising, 'per?%rmqmcc. o
sailplane ez nol include Powz:recL ?&/Lghi_z The overall
design was accomplished chepencfenf o?&ahy pawsrpicmf'
mqwrgmenfg, A preliminary parametric design with a
powerplant w;rs accomphshed 1n re/frospecf‘a where The decgn
tocazed only on an ehgine - propeller cambmai?on m The
chimb c.on'lb.*gur‘a:ﬁon. The pwwerp}an‘f' was nol ineluded
The working drawings For wewght and balance. This design
emphasizes Pef"Formach m lhe crwze mn?ﬁ?@umi?on between
Thermal conucofwc ar C.u.r‘r‘FnzLS . The Yisig awr within
These ”ZLBermq,le, Sy prourdes Z:Txe pawcrp(a.nf_ cesign Yegusremenst,

Hence considerable aftention was J%Cusgg{ on appmx:mazeng

T

Znt-f' u..uﬂam o vising fhermo{’_, air masg, (04 G!f-ﬁ-a'g}’? ow}y
provides an oulline £e a parama.frfg design )oroceo&{re .,

SU&!JSEQ‘UE’V\T i?{-‘efbi‘!sw\s wi[é reﬁwe TJ‘MS pr‘@hmmar“)/ eﬁ%rf

That is <hown here as a firsT appmx;maﬁ’on.
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Aspect Ratio ( I\

Wimmg span
Wing chord.
Mean aeredynamic chord (MAC)
Drag coetFicient pamﬂef, 2o chovel bioe corrected For A
Drag coetficent parallel to velative wind at A= <o
Total drag coctFrcienl
Lift wetficient parallel o relative womdd
LTt coethewent ot average erwise Uft‘ioc.-.\t);l
LEt coePicient ground. effect
Mowment coetfictenl
P sEe e o mRS e e
Wing veol chovol
Wing Tip chord
Honzovtal Tall volume cetficient .
Vertical Zal volume coefficient
Hovizontal chistance %o centroid of xox
Drag, force
Span e#}cienc‘y #ac‘é:r‘
Verlical ditance To centroid of 20
Recprocal of e
Horizontal ol woment arm From tail 4 wing center oF pressure
Vertial ol woment arm T g 6.9, T Zulep.
Lt

% Sym'}bals 7%\"‘ powerp}aw'fcaic.@ﬁons nols meclucted.

(e.p.)
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Load ‘F& c.‘i'o i
Turn tachug
Thermal. vacliug

Reynolds number

Wing area

Horizontal Tal avea

Vertical Tal avea

True awrspeed.

Average cruise udo::‘l")/ w clueling Thermals
Average down draft veloaty betucen Thermals
Landing speed. .

Reletioe b veloaty wilhin o Thevmal
Verbical sinHing speed.

Weighl of xxx

Angle oF altack

dedmg Coe‘P?t;Clenf of 'ﬁ’fcﬁon

Densa'i‘y

P/

Wi, Taper it

wing, aspect rato ()

Rest glide ang/c

Guet veduction factor
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DESIGN REQUIREMENIS

- Standard Closs ( 49.2 Fost Span)
= %msle Seat (250 b waxmmum possenger and. pamchutis)
~  Short Field landmg (Spoilers Top side cmiy)

2rNA

- Manevverabilily (Al movng T ii:ul)

= Campe‘tlton oﬁeﬂ_ted. 5 Vaucg > V@ LiD vaax
DESIGN METRODOLPGY
The tetal dm_g e SQLEpLane 1S Cmnpassc;t .'D‘-F three pqrts,} Re¥. i,

s =0

+ +
T Dpefns*fe c

DmrForL Cgmm'ucgc{ C 1)
Choosing Arrfoil

The mdowed drag 15 lavger at low speeds , parasile drag s
gﬂs_ater ot hgh speeds , and The arfoil drag stays re[atwg,f)/
constant F an adorl wuith a wide drag bucKel 1c choosen . The
buckel wilh the lowest Co was Foond w» The FX-47- K- 150, Rel.2,
arwFoil , Figure 1. This particolar arFoil section was choasen
becavse il wes optimized by Dr. EX. Worlman For Flaps which
the aolher il lafer mclude m on ovpdaled design. This

Cp, = 0.0055

wnan

Pmr'tlcu[a‘r' EJ!TFQIL 1'10.5 a tfmckneis f?a ci'wr‘c.‘- mtza OF F"?%,
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Choosing Aspect Ralio
For a gwen wwmgspan (Standard Clc:-ss) the oplimum as‘pecz- :
yalio 15 delermmed by rEYCIEUCtTL\C}g the relalionship belween

a.specr vatio and CD,— y e '}‘\jgure 2.

Ref. 1

|
{
i
i

fL op'hmum

#A
Egurﬂ 3

ORPTIMUM VALUE OF ASFPECT RATIO

For @ gwen spon on increase 1N aspeci'rai‘ro decreases The

wimg chord . A decreaste m cherd causes a lswer reync-[cfs pumber .

¥
vV
F R, = “_’—:“ (2)
hower reyvolds nombers produce higher Imms:i'e drag
c;:ng'}:ﬁer.:.‘srftsj see "Figm"e.g. In Ths vegard. also wolice
ﬁ)af the an")t;né pamme,z."er‘;s shown n ﬁgurei were

&
cheoser, ot Reza@xlo
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INELUENCE - OF Ko~ NUMBER
ON THE AIRFOIL DRAG COEFFICIENT

Bt higher aspecl yalios reduce the mduced drag. There fore
thers 15 some eoplimum aspect rolic which giues he mivimum drag,
Figure 2 . Ouer a range of LFt coetficienls o range of oplimom

aspect valios can be calculaled , figure4, The best” aspect ratio

i Ref 1
CD
total
0032 {
€ = !-0\ @AV OPTIMUM YALUE OF ASPECT RATIO
e A
ot 1] // FOR DIFFERRENT LIFT COEFFICIENTS
0. \ ; /
0.6 \7’/ /
SOl \ / / / Egur& 4.
o4 /,/ / g
8008 ]f,
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20 40 A 60




over this ange 1S oblained. ot crulse cond.ition 7Cv"om )C.;Sure 5

by Q-Tbi'trarr_[)/ choesmg CL“”S':C)'? as cu ;;rszk appmx;mc?‘?c_m,

50 Ref. 1
A | i
optimum b=984" |~
™ A
30 72, } I N
59.17

40 492 >
- / §/
L

N

\

3

op b=/ ,
L ’ I
/// | . AVERAGE
1 A
/0 = — -
HIH sPEED | | owseeep
O = -
a2 04 ¢6 08 Lo |I2
Egure -.5- C-:t’.

OPTIMUM YALUE OF BSPECT RATIO IN
RELATION JO SPAN AND <

From ﬁaurc 5 we obtan A.=23 ol op'f?mum CYuise amchf?on

fora 492’ span wng . The crove spaed_ 16 nol o. set valve

for salplanes Lol depends on the LFT conditions in a.Z%ermal.
An expression tor Lhe average cruise speedl ; Vouy 5 can be ;
derwed from the Time requived 7o glide 7 the next Thermal |

Cl'nca. .f‘&aaln quf azf;fu,de 5 where V 15 f}'h". Speed.. to 765)/ -

Voo = 0 1R /) (3)

Y9

On a strong thermal da}/ 0 1s Zar‘ge enough %
Y“e_gu.[.t (B vaug >(Vai' L/O max) = Hewc,e fbe Co-eﬁ?!Clt’Ylt




maTreuan |

o‘lt ZHCZ" ai‘ L/D wax S}'!OUJGL be areafer 'ﬁaen C;_m,g, From

expression giuen In reterenie b e con. caleilale Cy at Y0 meax.

e=£eay = 1.1-0.016 (A) (4)
£ o mans il o e (5)
A = 23 5 e = 0.732 CL@ L/Dmax - ©.7%0

(R

.CLqu%:: 0.7 and CLQU% < CL@ L/ mox (6)

Wing Avea
Hence , m cruise conﬁgura'f‘ron The choice 70;;7- C"“"’ﬁ becomes
Less amb;tm‘r)/ , see egn. (6). The trenel 1 Thal higher average
cruise veloeities reguire lower Gl The chotee i tor Crauvg
Sl e Aomeiohed sabjeclive, On This f‘op;; Bhe aulhors
opinion 15 that The potential warkel for a. compelilive sailplane
reguires a lamger average cruise speecl. Hence we choose
ClLaug = 0-65 and From figure 5 we oblam A =722. This
qpprommcd:io\ﬁ can be upda?‘feal after The telal design per‘f‘;rmame
has been established, With A=22 awel b= 492 ff. |, The wing
plamt‘érm can now be calculaled .
I A = bz/g
Total wing area. requwed , S = 110.0 #2°
and. from Fisure 1 ot C) tivg = 065

o

Wing 1ncidence angle , &; = 3




Wing Geomelry

Studies have shown Thal the optimum shaped wing for
stalling characterislics 1s a rectangular Tapered wing with
a Taper of 2204 begmmg ot The Two- Thirds semispam
S b B Bt

A
..
LR T R\D-/D‘.-;M;:*
’§x
\
0 ¢ X g A
CL . 04 -3° I .Rec‘tang.—‘f:aperedz’? \
6 Q4 =3% 5 » » /2
w 03 =3° |5 Pouble tapered
o5 +
Ref. 6
: 1 { i i ] N L T T
¢ %
Spon Localion
E‘gu‘re 4
LIFT DISTRIBUTION FOR VARIDUS WING

GCEQMETRIES
Root avd Tip Chords

With Z'}J.e wing sba,ae o‘e%ned and. The surﬂxce area. Kvown
The root and "f:p chords are ca!culaf‘e,oé From Lwo eg valions Tor

The tweo ovnllnewns .

Ca+C
gt v
Az Tley =04 (@)

CR = 36, 59 incheg

Cr = 14.63 mches /
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iTPrBLE"I AForl coorelinales For g reol and tip m imches 5RG‘F' a-i

| - 1)c |
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with the guen 5eome”tr}: The mean aerocly namic center (mac)%

camn be CQI-CUE-Q%@& 'FO-(- T‘he u)y‘ﬂg S}"}q pe, shown iR el ‘Bgure 8. ! :

| 1
|
{R Sl E'a | C‘i’
J F.;.gu.v*e 24
L b/ _____ S = s b/
E B WING SHAPE
I crlr T 'i
25, R=t |
! = £as, -t = 1 SRT0TT Eirc ,g
! = __,_&,_________H_,__._,_,_,__,,,_.._,.\*...ﬂ.aa-- S T'l, — : (10) ;
' S, S, _'
C = 34.146 m. (m.A.C) |
Drao Polar
- SurFace Planform Area
A) Wing — Cp,, autrage over drag bucKet = 0.0055
o _ Frovlal Area = 5945 FT?
B e = CD;’_ based on Tonial Area = OJOS,REE 5
C,) Tenl - surFace Planform Area > Ref. 5
= - Coy based on plonform area. = 0.006 |
|
i



Component Brea FI* x Co = AF
F"uselacje 5.945 .08 0.475¢
Taul _ 5.4 6.006 0.1524

Wing 110.0 0. 0055 b, 6050

.2330 = 2 AF

Droe, boild-up  Glevlabions ossume 5% wlecference dr
2 E9

7C = LOESAF = L5

e 7o bEl
% 5 110

= 0.0l18

veeall eon (B, €= 1.4 ~ o614
=22 - e=o0.148

2
C.

Ps emr/\

L1

2
.08 + 0.019343 c

D atx. ; pfoﬁcd.

ihe!

Fl(ju_fe | CD N

Oa?. 9-04 o_o‘eé’
0.4 o.lb o,6149

O. 6 0.3 ©.0188
0.8 o044 o,0242

B ) 1.00 ©, 03|
i-? I|+4' @k03q7
I 4 1.956 ©.0497

11)
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T‘he, 'Founw\nca pa'r"cn.meﬁ'ef‘-‘-v are ca[cda\feol. "E)f‘ 'P;caur‘e. i

i..-l.

= / emA
L’}Dmax 2 = 2314

Co,

| o
&= Tan (.:;-[D—:ax) = l.72¢8

CLe v, mn = 4f/3Cs emA = 1.351

CLewpmax = /co en A = 0.780

(12)

(13)

(14)

(15)

é_t';:_ahl_!_{t){_‘gﬂ_gl:wgepfroL x Ve_?.rf-‘ff'fcaL/Hm‘.Eonfa.‘\, Tails and Ailerons

As a Fms'(_ approximelion ‘E)r s'tab;b_ty ond cow“i‘rof. we

mlcu(.oie. T‘equnrea', orecs 'Forﬂe. wlv\g J‘ba.t{. .JGV'JGL cll((‘?ﬁ:)f\’)

sl st lo e - Thie Pt aielsssey wE

center of pressure Oit The W ing) (aemdynamrc. cew?{'er‘) and

The c.en‘{'er‘ S pressure o'}t- 't-G.LL SL-LF-F&LBS > {—v‘r and LHT' y were

appmmmai‘eot From working drawings, Tail surtace areas S

and Sy, were Calr.wlc&teol ';"rom koown Tail volume

CGE‘FJttafn‘ts, Tail volume coe‘:@:[_cpwfs Corr ancl Cyr were appox-—

lma_i-&:j. ‘Fram woera dmwlngs aF The S‘b::nclar‘o(_ cirrug

A leron areas were choosen the same as the stovdardk cyrrus,

Cyr = ©.0304% 3 Lyvr = 140.0 .

A’lifl‘OY’} area. = 4qaomz

Chr SMPCY /1 = 162702

Svr = Cyp S(MACOY/) = 2031 1n"

C1e)
(17)



The wmg wnll be construcled oF '?‘:;’am core and epsxy~91ass

rewforced lammated sKins as shown m Figore 9.

Exterior 5Kin

=5 Layef‘s oFf ©.005wm, thicK (omma,tss one*ni‘ﬂol
*45° (oith i‘e;pec't to the wng lateral axis

- 181 st'y[e- glass Fabric treated wnlh silane Z-8-009

Intevior $Kin

~ 2 Layers oF ©,005 i ThicK lammales enented
+45° wilh resPeci'TZ) the wimg, lateral axis

- 181 s‘tyfe oloss Fobric treated with silome 2 -8-009

Rigid Urethane Foawm

— CPR Qgoob-2 Upjobn Diuision sF CPR

= Ec = 419 Psal : Gulfz 351’:’5': : 60;? = S-OOPSL'
Ten (_’o'mp
= ’YuF‘t = 20]35!.:
= /)r_ = o.001l6 15/,,3
Epoxy Resin and. Gloss Wet layoup
chedure Ref. 7
5 por'ts Hy car CTBN coo For ove
1) 84 parls  Ciba 4005 hour @ 175°C
3 pcarts Methylon 75168 while 5f1rrmc3

8.5 Cool 'L';: room femp-eroture ,odd Pépaf'ts Cibe. RD-%
3) To Cure add 2] parts AEP
4) Postcure 12 hs @ S0°C
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EPOXY RESIN SIBESS-STRAIN CURVE

CIBA 6005/CTBN system

Vol %% Glass 65

Vol °/» Resin 35
Wtef  Glass &l

Wt /o Resmm |9
Materal Gost 173 g/i b
A% 0.074 18/)p3

The wmg wmg}fb Can be eshmateci ‘me 'ﬁhe geome‘tvy

and. m‘f,’enal dEnsﬂJles gruen . The wmg 14 quroxfmafed

as Two Flal lommaled sKing seperaled by two shear

LUG]DE; M Fof‘m a box laeavn,

meg = [ﬁs Co.07 +o.75a’)+o.75ﬁc{1+ a')] S (18)

meg = aae‘é’q H'?-S.




Wing Centrord Location

Tke,wmguxgs QPPYU’PCTMQEO{- as oo fnm sKin MIT;’} o
Thin slaear web fom?fed. 0.475C amd. ©.383C From the
Ieacf.mg edge . The wmg C.G. location was &e'f'é?rm}‘neal_ b)/

cpnsimc'tmcj a flat p’ta“f-e _qpp.mxxmﬂ_tmﬁ of the wing cmggéc'ﬁéi@._;

Hor;zoni’q[ 1.7 H‘F}em fe::cims ecige or & mac/2
Yertical 1.3 vpwavd Yrorn chord line

Fuselage, Tail, and Rudder Weight and Certrod Calculation

From o rec-en't m‘fefwew an expen&ﬁced Sﬂizpfﬂ‘ﬂfi St‘ruﬂ‘;é&‘f‘e;
‘repcurmcm% Secommonded /g an. th_sc[-'(- shtia o J:uge,\aige anel.
O—"-Was. The Fasalacg,é was dhwded 1wl 22 sécﬁﬁné.’-’Ea.ch section

Usas. I_q’cp{pxtmafeot as a. CDth&ﬂ% rCf‘oSSEc’t?bﬁaL c,yhndér _FVDVW

which c'ew'i‘r-_mois were calculated 1n Table IOT,

Horizovtal ; J’Stmc el 1
Ver = 0. 79 H ‘
ertical ; Capi
i .
WS‘trud: 49 -4 Ibs,

SKwn ofensffy Weven 18] Falmc i 'epo;gy =2 = 0.07¢ “’/m3
Cove den;;fy CPR 9003-2 Urethane = ;,95 - 0,006 1b/,,3
C

Fuselase We-lgh't = S(f;f@) = 0009255
Vectical Stablizer Wetgbt =5(2 ks S @) = 0.02775S
Rodder and Hori-’imtal Stabilizer Weight = (3'!';%5 2 + t_/g) z 0.0055S

'ﬁ* p‘f‘i\fa:tc?. cm-rmnuum.f:::fi“?n:ﬂr\:J Fred. eran‘b mo‘)ava Prwpo'r'é's
Meyove | th‘Ferma5 1972,




et

20£°109] X 9545802 X

QgL I~ Oog' Qi
0g'H= pop'GLe

PE918bB

5964

195 ‘084
209k
&6b's
QBb' ¢
P TATE
23k €
975'9
(u'g
b9l 't
(8% ‘8l
55T 62
28¢'92
g£8e'ee
oL '8t
©a'g
ob8'b -
Peb' b -
(g1 '8 =
800 '¢| ~
geL's -
Cib 4~
gL0'e -
Q| =~ul
MX D

885 EBLL |

TBELLO|

Zbll9g0e
LbL 55T
Jggs 05t
BOb' 58
18lper
985G
94b ' ELS
09419
SoL' bk T
Loy s
£9b' 8¥L
208 0L
Sk il
OBL'8LY
HLL hGh
0891192
S8k 11a
bie 29l
gL 'bae
L8 L
bl 5b
I2'c
B M

Mmxp

bbQ'bb | 1< _
osL'l Q= QlOET
Qo' 9 ; O_..V”I" Q'S5
€95 ¥E 0Q'9e+ 252
ey 992t 8242
bbb’ (654 9742e
L09L'2 L+ grgoe
J2e'2 S+ gebl
0792 S+ 8E8l
Qte’e R R G
QLY 2 21+ 8'E9l
298'E L+ 9Es
P2y pl 4 S'EH
958'v Sz 8'€gl
HRL'S e+ B
QU T, LS R
L L+ geol
4194 ¢¥r+ 8Eb
eal'd L+ 838
o'y S+ BEL
aol'v - 'z~ 8'e9
|eb’e e~ 8'ES
Sepies 22— gleb
Eb('9 ‘2~ 8'eg
Oe'E b~ g'ER
SLe ey~ 8¢l
8509 2= 5%
Sq ‘ul "
a2 P
Em.t,wécE

S'svel
b58L
oLl
9126e
gise
9482
Q'R

0'L3¢
S
09+
0923
Q129
Q1L
Q¢
588

S9'5(8
S'E8L9
O'Erd
052y
Sooy
699
g'92¢
Q'v5e
9'¢8 |

m‘c;

2€|
ol
o]l
af
ol
o]}
Qi
o
Ql
ol
al
;1
|
el
al
@l
ol
Q|
Ql
at
o'k

R

Saae)s uasmleg SuoLLog

,.ﬁw.zu‘ mucu“....:m >

udarjad
ucﬁ.ﬂ&

§'b |
b
L'y
F'oe
e
Q'LE
'
Q'gh
QU
i)
Q'SL
'
558
968

IS¢

'€k
'y
7'8%
T 5
0'0g
8'0¢

Q
U

(120 Pos
buipjow o8 Qidyeen
...mm:_m.u.wm T3

Jappoy

Lvm;j.ﬂ‘m ._dﬁgengl

(17
12
ae
bl
4!
Ll
71
5t
ol
el
Tl
B
ol

Vot s o~ D g

|
wapeLg

wu;m;mn_.w.”, na2ag

co_.u.s.unj Plaagusd «&E p;m_mg Mmdﬂwmss_, wﬁ ._m¢p



23

Canopy Weioht and Centrord Location

M g'l?endl.

> 0.0425 b/, 3

Cﬂ’ﬂopy

‘chyllc clear plas'i?r_

1

t“""mf}' 0.125m

W = o005 S

Ca !'}DP)!

The camopy wias divided inlto 8 sechions ancl a’fppr&?ﬁ:ﬁtmaﬂéd as

canopy

caﬂst:anni' cressectloan cyimcﬂers Frowm wihich the cenlroid 15

caleolaled 1n Table IZ.

TABLE I CANOPY WEIGHT AND CENTROID LOCATION

z

.m‘ in, Fm. ‘“‘.ER 1bs,
D uric M :
stalion  CircumTerence g;ﬁ:ﬁ 2 Eetcfefﬁm ocrm erm Weight
Stations staitions
e‘rnoclnﬁed. 8-4-2— & ‘qu,3 ]S‘ ‘7_4- I;O‘?.q'
= e 10 259.0 2.8 1.4 1,9530
4 40.2 16 419.6 33.8 8.8 2.279%
5 43.6 1o 445.5 43.9 Jp.o  2.4235
6 45.5 lo 453.0 53.8 1.0  2.4643
7 4.1 jo 443.0 (3.8 114 24100
g 43.5 5 417.5 Y4 168 2,292
Q redified 40.0 14, 9633
= 4.8
Wmmw 4.84633
d‘conopy‘ = 46.70 ¥rom nose
€ onopy = 10,72 Feom datum
OXYGEN BOTTLE
Woxy = 8lbs
doy = 78 From nose
= = 19" ¥rom cfa't'u'm

oxy

1. Jb,
e/

1594
4£.48
77.04

06,15
132,58
153,74
162.16

e

b

m.}l:).
exW

7,862
14452
2¢.059
24.235
27.107
7.4
18,154

139,345 |

Lkt L M




Instrument Pavel Weighitiand Centroid Location

Tweo  Variem e't'er:s

~o0t 10 Knots 2.5lks,
—o0 1t 5 Knots 2,5 ibs.

one Altimeler 2.0 lbg
One H;rspeecl indicalor 5 Winter mMPH ¢ Kwots s 4+lbs,

One Tuvn gwd bani mohca,'terJ electnc o dlbe,

One voclio | 340 cowmunication 'Frequenc,aes , lolbs,
Metal enclesure 3lbs,
Total Weight = 26&ks,

d'msi' = 233" Fromnese

e ms‘t' = +4 2 ‘F—mm c;la‘h.}.fh

Flgure 11

BRSIC INSTRUMENT PANEL

com
saui‘u:uoﬂo Volume
PYNATR




Landing Gear Stru cture, We !c‘a}'f_‘ffi} and C ?ﬁt‘?‘ﬁt _L.DC_:?.’EEE .

whee | 2 &c%: 0.003

ManuaUy - rebrocleable o wheel. sTandaed.

Tost UJ‘*’?(’&L wiﬂﬂ drum hraH'e c‘ncL Con?;-;::\ﬂ-‘,%ai

4.00x 4 tire , psL SO.

/'l/ GG or n|rcra1v"t

S

/ i

\\Lcmciws 3&:!‘ c.c |

;ﬂ_ el =SS
e';- = 6eo 7 ')
¥ v 9 /
Up dowt and. locked U
(oL
r@ SPMIH;S*_ S .—---.-.--
'thure 12 \
LANDING GEAR
ROUGH SHETCH =
z 12 $d
P
Westnmafed = 50 lbs

w;Th most foxL dm@er&

12" forward ot The plane’s ¢ 6. localion
5 o reasonable distovce when compared

Pfcaarcﬂmg i ,F',Pr.R. Basie glider crsfenaj) Ref. 8,1"08 winimum

verbical Ll bk Yoetor chovld be 4.0 witha horizonbal /

companpn% equa.(. To '-*2}- The Ucr‘t!caL com psnenfs For The

detailed  shoctuel design,
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TABLEL CENTROID LOCATION FOR FUSELRGE AND ATTACHMENTS

Moment arm Msment m_ b,
Item  Description Wetg\n't,}bs 58 e - dxw exw

1 Fuselage Struclore Ma.1o0 1297 41070 2085%.3¢  loe.702

2 Cavopy 14.86 46.7 +)p72 6941l 159,200
3 Control Sys'tem 15,00 120.0 o 1800.00 o
& Ins‘truments 28.00 33.0D t+4.00 az4.co hz.000
5 Oxygen 500 780 100 390.00 85.000
6 Plot +cnule 250,00 oo +1lo0 |5c00,00  250.000
W = 46(,96 Pos5%.36  712- 902
fbsdase
' > Wd W
d, = = 85,9 e = Z 5 = ].54
2w N W
Weatal =W, o Wisng + Wlanding = 46196 +238.61 +50.0 750565 lbs
9ear :

i

)

Wto‘t-ai_ (dg'!‘ = V\;( d, +Wining (m‘gg— "rds) +W£andmg (da-t-v-“ﬁfg_ |2>

uselage : gear

" For poyload 250lbs dy=81.56 2
For Pay leack 170Ibg dy = 26.45 24

: _ 5
d?:averqge = 847

Cevtroid, Location For Total Awcraft

TRBLE MI CENTROTLD LocARTION TOTAL ALRCRAFT

o e  Moment Arm ., Momc:n't', m=lb
Item D,escnp'bon ' We;s}q'f e : exw
| Fuselage - 4619 154 712.902
2 \N’mng 238.69 12,80 3280.000
3 Landing Gear 50.. 00 -16.00 ~ 500,000
750. 65 3492 902
o Zew . 464"

= SW
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AwrbraKes c;*'.ltém*-a“&"j‘a Pistonce

For o delailed stroctal design oF The airbrakes iTs
recommended by The FAA " Basic Glhder Cv*.fz'eria_\\_, Reﬁgﬁfinat

sa)orlers and. their allachment structures be pfemasecl on e Limit

[ao.clmg_ obtamed by The formula befo'w-_,_ wheve This 'approxlma'bon

z

We, = o.0052 Vep

! Wp = LT r’ooa(ms 5 fb/F?.;

Yep = IAS al which maxmom
operalion of spoilers s
assomed | m,p.h,

assomes the load ¢ omformly distrboled over the wing.

The merease m drag coeTFicients and. efFiciency Factofs for }ood‘lngé

wnll be appmxwmafed Frovn 'paravne.'fens gIvVEeEN I reterence 10

5 n l.anthm_:].

Asr BraKes DCp, = 0.048 AK =4.09
La-hdnja Gear ACp, = 0,003 AK =0
Cp,= 0.00628 K=0.784%4

2
Co = ©-0628 +4.1093¢ C;  (20)

From ceTeren ce 10

Nonlinear difFerental e«guqt!on For Lano(ms, run:

dv
-;{—g = ~gp - %05— (cu-—p-c]_g)‘v’e (=21).
a=-gl

\03 g%jw (CD'.U-CLQ)

Solvtion where V =V, ot %20

Lw.nckmca Jlstance = E’:: }h (r. = _E: \/Lz) ; (22)




W= Fh'r]:za'ne w?lg\’}—t = 750,67 Ib fmaximum) / £70, 87 15(\"‘*""“’“‘-"“‘)
5= Wing area = NoFT?
Pircredt speed. just before touch down = 82 Moe
CoeFhicient oF Friction = ©.12 withedt bra Hee
. (Ref. 8) = 0.25 wnlh brakes

CD:, = Coe‘FFH:!EY}‘Z. of Dx‘ac_.-)- a zero LFE = 0,018

= ﬂsFecf Ratio =22

= rawf,faﬂ't = | /e‘n‘_ﬂ. (L._nﬂ') SPGEJEG 4L¢mcfrr5 Gﬁa'r‘) = 43?0?34
= Q!Ydfﬂﬁlt}/ = ©.002377 slvss /pr3
= 32.2 FT/sec?

=<
i

B0 D

An appmx:ma'&on Tar Cug 's derved as Follows. The distance will be
o minimom when the deacederalion is o mammom, I egualion (22) 15
diFFerentiated wilh respecd & Ciq and set egual b» zemw ‘thep Cog

can be caleulated as 'Foiiaws.

4 :
d-Z:.S (Cp + 1 c@ =0 (23)
tshere CD = CDG"!"KCL; (2‘4.3
.O_L.(c Pltes & HC ) =0 .
dc;.s D, g Lg) = (?.5')
—ii= o
2RCmMEDy Cy, = o

< PS 2
vecall b= %fj (Go—nCq) = ggw CCDo'fR>

wih bra Hes w mlou't bra }fes

YeCCtLLj_ﬁJl: 7o e ~ 8,085 = -3,86%
b= -ooolbs = -g¢ 0201
Grouno!- Tun

Lahdmc:‘) distance with oo'f,' braHes = 726.2 fFeet
Lanclime distumee with bralles = 3074 Fest /

i




Pecformance : Speed Polar (equations Ref.3)

Pt

G =0 00~ G b U

oW
Co PS5Co,
S : e L& (26)
D v i ,_Jf'f_“,’,,_w
@ .pesa rA S
%
¥z = (27)
c
L',CD
wnere ﬁ:A :qv;('}_ e=0.748
2 { 1p8&r) _
&: 2 2.002377 (110) &.0i18 2
Co- 4 : 2 e
R v Uy S
“0.0118(0.002377) (110) % 3,19 (22) 0.748
. 4867%% . 04 =
C o 7
B v 4 Baovain7.48
TABLE YII SPEED PoLAR
Ve v c,
T o Knols v% B E/% =t /CD
50.67 30 2.4¢ 147.59 26.60
6v. 56 t0 2.28 12608 29.66
4. 45 W I 152,18 33,08
lo1. 3¢ ko 3,23 1Ga . 07 31,33
1. 23 70 4.34 260.10 2y
Rk, 12 o0 5.9 313, 43 22.9%
152,61 40 2.95 476.84 19,13
16820 100 10.55 632,41 1&.00
1854 no i3.%7 826,42 13,48
262,68 120 17,65 1059.23 11.48
aw
Vo, = \/ = (28)
Zonves rS ./ 3 C‘%ﬂ'ﬂe

2 (750.87) o
V@Vitmh i 0.6023?7{”9}_\/360‘.{}“g&&ﬁ}é(za)aj#@

Wing, Loaclmg

W = 750,87 ws= 670,87
W = 6.82¢ W = 6.099

= 6516 Ff/Sec
44 42 wph




T I = T = a
1 " ENRER N it Is . L]
o o I
L e Hia
2t st ™ 1 e W -
i "o
I H- - =+ L L
: i Bl @ (PR @ o + :
|| [ - - 4 s g EEET ..
- ] ] ) e E NE NN FE il
1 b
i = ¥ EH SN I ] a
T I a I L}
BN et = - B B 1! #=1 1 I B R
== - ] s . . - A BN WEEESNE
I v o T
1 m 4-H i I A HH HH HH n il 5 ol
a5 EEAES X
- n M NENEEENEN-aRun B
. ] HHH ! ot | b
-+ A 1
: H £ / [
= = mEmm - T T T
B BEE: LA I L H
1L it - 1
L i - i - HE SR = = - - -]
T A /
] T | ! i
1 ma bt 1 L /
it L \B A HEHE 1 ﬁqll I I
s e = N gl i
N ERARN SRR HuEdEd a o T
. EE u z .
- K
Sannmae T N FasneasEd i
.,... 5 . 1 1 EEE =} : i i ..
pEEEN . 1
7 W R L
e W N = R
1 i
1 I
amE !W r
70 |
7] 1
C T
] i
- a 1 T
1 i
.

HONI ¥3d 0TX0Z 02 — 10EZ NN H3dVd DNIDVHL TYNOLLYN

- i
: VST N OHLIT YNVIONI *SITOdY NVIGNI
| b v v ANAGITALM



}0.25 o (2087

» o3 ‘B s

vzmln = 4 .[0 0;!8 Y -—-—*;;—**-]—;') - 2-27 Ff/5ec.
[3(3"‘%) 22 (0.748)] 0002377 (1 36,2 Ft/wm

: oW

o = / 2

v Sy - emsE
el 3 o.oaa‘a‘?'lfzio),,:‘5»H_iguf'?.—iw).;:o—ﬁ‘é‘ig;;@ﬁ S "‘S?c%

© max 58,47 mph

TURNING FLIGHT

e e o (2a)
¥ c W5 PSS  cCosh'®
: 2.0 LT 859 rSm@
: e 5(:5 rsmﬁ
v Dy e A 2w I (30)
T (V—‘i =l NS g
S P3 YEm@P
TURNING TN A THERMAL
s, = A 3erh (31)
= w; 1
Af 3 CDQBI"I"H = ”ghpg ']"S'\‘QQS (32)
1
= e 2 {
¢z Sin -[5 PI acoenh | (22)
Flgure 14 VE < )

B L Fasc”. fou 1 (34)
@y o) 3eTAY )RS { '

Co&‘,[Sm"I( 5 P9 %W >B

3l
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VELOCITY , FT/Sec

101

ﬁ«aur&‘ 15

TURNING IN A THERMAL

N \ | Reference 11
Wide Thermals

\ \ — - mMedium Thermal
— — — — — Noarrow Thermals

vth ) Ther-mal 'Vefoclty

~ B N \ |
\\..._\ \ Vs s SimK Ucfoc:'fy > vz

\ Yu , Clmb velocidy

N

Climbing VelociTy

v-,_ = 89 F /.

D24 FTn

1

12
Va

(o]

[e]o

- - : Al
200 300 400 500

RADIUS , FT
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The first design iteration 15 complete where performance Is
measured 1 Free and fhermallmc_:, 'Phghf shown M 'Pagures I8,
14,15, and 16. Overall Pe“"Formar}cze M cruising Fligwt between
thermals 15 consicdlered next.

T here are Two possible cruise Covﬂqguratons That can be::
considered betiveen thermals. Fivst, 15 an mston laneous
crase velocty basecl on the "speed. to F(y” m a des Cf’ndmg
o ‘wass which s outlined 1n Appendix A of Ref. 13, Tv s

i-'l}es_lgh a second: w e"ngcL 15 wseck whirch calcu lqj'es 2%5”5 Peéd 'fb

Fly”; \/C Y ?mm The speech PO'IQ”':;-'F“?)- 17; and Eqn (355;5-}25-]:. 4.

Far Co\mpetf—tw& ']r!l_c_)hi- tf_uo pen '}'—éfmaﬂce d\oc_}mnqs arg

wcluded wi This design s (l)unﬁpeec{ to ?l; For best L;’I_)y---F;g'. 18, and i
(2) “speed to ?Ly”' between Themal_s WFig. 1%, where 7?*’1&#@55 are |

assu mselcl to %cue —avy av_emq;e:.:chmio V'e?o cgty a \/u_5 ‘F‘rom F;g;.lz

Prassce thue Perﬁar%aw ce d;aqva’iws are calealated usino

Egw. (35) From ReF. 4 wheh s based on The Tiie reciuw:eg{

'ba:ghabi:es to The next Theermal and regain c/asf"c:tf.i“sﬁide.

= (35)

V, =
bk Mg /vy,

\ng

i ; . ot
where ‘\/2 is The i-‘umm-q'tlon 'o?_F '_qu S‘.Y}R\ng SFFBeCiJ st and The

average PDowwn Dra 7+ velo ca'lfy 5 \/DD . be-tWEEH 7}7 ermals,
} - T ! .
Vg = VytVpp and Vi is approximnatect by 0.2(v,+Vz)

where V, +V, 1s the fotal thermal strength omel Vi 15 The




actual climb or vectical G!Yﬁpeed-("'\rof}ome‘k@r“} mch&a't“m‘.
Equation (35) 15 graphically compered with Fig.17. The auemge.

craise velocdty o Voya i 15 obtaned by the interseclion oF The

Voxis with the line dvawn from V, to The tanc_}fnt oF The

s peed polar , Ref. 1. Figure 17 s The same as Fica.!é’:

except The vertical axis 15 extended to caleulate Vo ug-From

V For exawple The climb velocty Viu =534 Ft/vin was

LL a
eshivnated v Flg 15 for o, 'wl-_cle‘ Thermal ot V'H;o: 134 Ft/sec avic used v Fg. \7

itO "F"-hcl VQUS@:A}S knof'sji-'-w.here : comades with V@L/D maxf

Vavg
If V, was greater than 534 Ft/mm ,e.9. V, = 700Ft /mm,
then Tthe average craise U§p€eci'to‘rl)l o Vaug@) = 532 knots, Is
Qfeq'bEFItha'h_:V@ L/p max. Hence ihe clﬁ'stg‘ﬂ \'ea;vu-mem.f*{?% oo
Compeﬁi‘t‘-tt?ni_a_\/aug >V@L/pwox, |8 satis Fred at'leasT for
wide theemals at Vg = 13.4Ft/sec trows Fig. 15,

Subseguen‘t' ol@}gn.r'feraﬁows Yequives a su‘l?Jecf-hua
evaluation of this design requirement, The author 15
satisTied with The present design whieh Ca'mpé{"esvwefl tor.
wde-—meduwm sized theemals. This Trend shews larger L/ D
desion S 'ex’i'encﬁs @mPe“'ft'hve periormnavice For weakey her\ma"s,

In Sumwmary the cvruise Perﬁwmamce 1% <omp_eﬂ’71.t“:ve._
Flight 15 shown Figs. 18 avdl 19 for different Thermal
strengths where \/au@ amak LD, are balh ps’si‘?@ot as
Functions oF best speed To fly,

bul constructed here asa limifing case Toracompetilive clssion.
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Calculalions

}th&f_ : n
n
vV n

o] 0,045

5o |. 125

70 2. el

9o 3.650

100 4.50

120 6 .48
Yine 2 n

Z

& vV CLma'x S ']-?_ 7=
) @ 391(5.225)
= 0,00045 y?
v? ! )
2301 W 3a1 (6.826)
)

N =-0,000375 Y °

\'d — ¥}

10— 9.037%
20 -0.15D
Io -9, 937
Yo - h337
loo - 32,750

&
Taelor

(PDMonvever Load

(=YMonvever Load 'Faciior

VQ m,p.h = 15

Kz ?1n
ni= 1+—;§;§; X = 0.8l
S

ib/;;r?.

021 (24) 159 (¢.v7) %
515 (¢.22)

1+

2090
3920

=1+

= 1+ 534

6 .34

K24 Vg™
55 ig‘-

n= 4.34
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Eveme Calculations

Engme Guwen

i Estrmafed ‘Ff?dme L.L)E._Igh.t_

2400 vpm 15 Tbs,
68 |bs, Pora.chule Lu&i.ghf
20 lbs.
Foel we{ght cstimale
25 Jbs,
we@nt’ vpdaled.

W= W +188 = gye oy e wilh engine

d) Horse power requied calcsloled.
Eor small avgles o climb vel' 7

2

e e E e oL
@ 248 meh felore\pS Voot

Cuw&pioﬁ.—e& JF}@U(‘Q 21

b) Horcepower avaliable
Must FirsT choose a propeﬂer . The normal method oF
s dulation el oilbran sdikaled ciimale oF e merimum

cwrsPeecl Tor whech o Pmpe,uerls cheesen . The thrust herse power
OUCAL[GHG can fhen be. mfculafeof Hwawtng T}')E. pv_op QF'%uency.

The wbersection oF THP, uliable ovdk THP

r

& oriat 5lues the real

meximum a;{spe,ed_, IF T]'HS ma Xmoew C:}YSPEGO'- c’besnoi— COVfPS)anC!

w;ﬂ’l ?‘”he mr'tiaL e\stimai—&sl eI uYn a:rsp\?e& Then The pmpt’al-{f‘f';

has been c‘r:oosen,iﬂ.(:orfec,ﬂy . B beller es‘hmaz'es'cﬁulal Then be

W‘aade on ﬂwe s.econol 5\1}7“’0( DI g many fferat!ons (=TS htcesSq-r))’i

(s} ﬂm‘t Tne airs peed vsed n designma The prope!:’ﬂr‘ Ce::rresfponczs

b the meximum mrg-peed oblianed From the Thrst horse power curves




This method oF caleslaling prepeller performance amdl
Theust horse power avaclable gssumes one i3 desigring an aweraFl
tor maximum -e'F:ﬁc¢ehcy m The cruise conﬁgumi}on . UnForluonalely
powsered salplames only olilize power Yor cf;mb;r@ 1» altituele
omde or emersency conditions, and. then the power s tuvned oFf for
cruismg in o sliding configuration. §mece the mereased
drag oF The pewer plant , propeller | and Frame aduersely
effecls the glihms performane some designs have 1WCOYForaT€G{
retractable powser plan'f'. It has been the aulhors obsemqton
Thal The retroctable propeller powereel sailplancs where built

when sallplones needed emergency power on days when there
was changing LFL condilions, Toa’ays satl planes on an
average caliFornio desert day can sf’a)f alott all day with
-an?y a 2000 Yool i’ow. The aduance m 5azfpfafne
performance has lherefore chamgecl The reguiremenl Jor
powcreo{ salplanes , Todays high performance  sailplanes
need only chimb To allbitude . The veed for powver 177
emergency has been elmmaled becavse of advances in
satlplane oleszan., Theretore The need Fora. o ble pawerpla-nz'
s in Lhe ;:wﬂzors opinion absslele bt The nesd For «
power plemt isnol, Therefore The idea oF o yellisonable
powerplant 15 o reolsahable design reyu;remm&ZL, Where
The powerplant popeller combinalion s designed For

noX) mym G‘Fﬁaewcy 1M climb,




"From repfesr’ni'afh& c:ﬂata. o Same€ ECuroplan Powefeaﬂ Qaifplaﬂes

with equivalenl horsepower powserplants. The Forwavd speed Jor
oot clumb averases 110 Km /4, (68.5' mph) ol
top speed of 165 Km/nr ol Sea level. The propeller

shooldl be d.eslgﬂccf ol e b obe :f%aency Tor crusing
bot: -mshead Tor cimbing . There Tore  choose pmpe,“er‘

wlﬂ'\ oo mammum.e}pf‘lﬂcaency al 685 P’?P}'“

V2 - 485 mph |
C-‘Psfqn

. . 0638 Vinph 0,638 (62.5) 43y
SR Iy S S, 0t =039
N 1P (2400)" " ( 20) 22.5(1.97)
From :I'—lgure. 5.7 =59 B =5° '
@.75R Nole: This Is wer Hing
on The IouJGSfPDYT"”” '
From 'Flﬁ\.mﬁ 15,8 L = 0.44 o?‘-pmpeut‘r desisn
Hp curves
Y Fr, oo
D: -————-——éf.c'_r o 2 - '7 =
Nm a 44_ _‘}O (9 44) 5‘ e&'t Alﬂ.‘l’hfi-ef

see

Next The Tovod horspoier available 1% cqlcdlafe& For Three
altitvdes Seale\}el_(;’a,:}..};‘-aooo’-‘r'j and. 5000 Fecl

The o leoklie o qulem is accomplished as ‘Fa”ouus

F at r [.3
i ﬁl‘h'l’udeah BHE’ = BHP%L (F)
Procedures
@ choose Vo () BHP: BHP, Jf—a/(
@E Fnek on cure V/N!} s oGy . Cr /CP
@ @ = CT/C ND
® %/Cpy - ® nBHP
D
Vingh = = D
- /ca,/cph @ Vingh RPR —

o
@ sem= No J‘—F‘ZFn
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" RateoFclimb (RC)

It would be decrable o design a 5_);5"E'evn wilh more RC.
bu]'_' ﬂqc prop-c“f“(‘ CUYVeES waulct noi._ augw ;‘Z‘_

(HPQMLL - Hpﬁgq> 33000

Rale of Chimb E_?: =
miny

W

Climb covrect&:{ Yor a.cce(ﬁf‘q‘ﬁon
@ sea level  R.C. 6eh FT/Mm relerence
. R.C.
Gacoobr RG = Se,, B wndd "= T

9 d
@ gqeoo0 FI= RL, = 2383 Fl/min Tropo shpeve
v =) Th23%
fe - | + 4.55x10 VZ(G)

9 dh
V= 100 Fije, = L604E5 2o veshsible

<) Cethn@

qup\mll\/ The thofuﬁ'f and Seruice Cen'm9 are dotoomimedl .,

pittude
Cide ngure 2.
CEIFLING
i 2Lo80 " Abslute C {J
20000 P\ i bl
=
Serncg 7000
Celin =
el 5 \
N
o000 \
Sooo ¢
200 : 4o0 69; o

i
Bt



d) Stohic Tovust

From reFefenae 7 an equa‘hoh ‘}:.or s'(fatc ﬂ'nrus't wuctd o(e\rwed

2/3

tatic © = [?31 HP - 2.53 A BG, =

<o _b(nnD)B
T * | % }

G = eﬁa = 1.0 For sealevel

A = propeller disk avea = 7”(5'7/"DE = a5 prf

E = auemge Llacle c.laord.l = o5 FT
D= oftame'ter- = L7 Fr
)‘1 =

€U/ coc = 40 /oo
Hp = howpower = 30 HP
B = number oF bladeg = 2

E%: 0.020 (From whirl Tet conducted J’V US&F) ret. 7

2
: 5y
s T o5 (3.;416(40‘)5.7\}
2
- r :
= { ©.225 | 21930 — 7750]}
s
far0 1°
= 3 3180 j‘
Tsttie = 20Q lbs,
THRUST AT ANY VELOCITY
2
e T, = a Y Vi = hiE —;'—’C&l = 749 Fr/sec
bmax
glugn
: Y= V!‘b,_: C.a!cuiaj__e V/ND = 0.328 ﬁ = 10°
N = 20T .
D= 57 FEr Figure 15.4 Cy = 0.041

4 2 T
T =CrpN°D" = o.04f (0.00237)) (40)(57) = 164 lbs.
2
o =- (T = T.&Tahc)/(vro‘) = + s.oo¢dh

T = 200 ---0.00644\/2




From veference 10

! 8
Talte oFF dictance = -2—1'3' )'n (!' Y VT:>

i 5( E\’%ﬁc —.N-)

25
g % {_%—s CCDD-%—() +a§

gl’d’e’l"}

W= Aiwerdl welghi' = 83887
S= Wing area = li0 Bre

Vip = Arrcralt 1o ke a‘ﬁ‘sp&e& =

Co = Drog CoeFFicent ol zero LT =
K2 l/om L = 0019243

M= Coe¥Ficrent of grounel Frclion = 6.025
Tent, = Popeller Torust af V=0 = 200

Vatall =

o = cms’taﬂf = 0.0044

A= 325:(3:5'&3“”3) =5

278,87 2

1= 2
32.2 .
8= 0.062277(110) )’( o,clié’) _ (o)

B = 65,0307 %\o.gl(u.oow‘) > 0, 005443 = 6.0367 {a..ooé%_}

51

349 M/,

\ 3 0.0064'4"‘%
4001239 |

B =0.000254%
Tale oF ditance - - = I __[{ -—0.0000‘73(5{.90)1
0.800508
=—lq70 In (0.698) = -1970 (-0.5)
ground. vun

que ‘Falrs'fa‘nce = 985 ‘Feet'




RESULTS AND DPERFORMANCE

5e

= {o.Ert . N =97

= v.0058

D, wmg

MB.C, = 34.146

Cp, = o.0l8

K= 0.01932%

&= e’

C"@V% = [,351 £, =
Wity

Chot,. = 9180

Moximom W eghl = 280.65 lbs
Mmimum We;sh't = ¢ 70,45 lbs
koneling distance groond. ron

Witheul bra Kee

whth brales =
Ve, = 65158 T/
Z e

b rae B3 138

\_/@ by = £5.753 Mo

Vsz‘;c,u 50 22 Knats
Vs = 159 mp}‘)

% 191 mph

Dwe =

: \/t = 9.3 Wi!]ﬂh

a

0.650
Wing Lexding
W\'\'mx =t
—25 = &5 82
z 6

Wmm 6.qu

724 .2 Teel

307.% Feel




with Engine

%O i-"lpr
2400 rpw

Wta'fat g 8?8‘87 Ibs.,

prop d&:ﬁﬂ = éengm;:]’i

Wprop = 0.7 2

o

= o
@o.5R
D ~ 5"_7

prop

RnCI Sl s 62'4 F]:’m!ﬁ
chr ?ana' = 5-""0 PT/m,n

RiCraons’ = 383 F /i

Service Celing = 21,000 Ft

stalic ThrusT = 200 Ibs

Gvound Run Take of dz‘sfance = 965 Feel

Vernge = 68.5 wph
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Appencliz A

PERFORMANCE EQUATION DERIVATIONS

Concepts Power Balavce
PV-= W Vx
Dmc_r)o\/eioc:'fy = \Nelgh'&- Sk Velaut}/
b . Ff/Sac F=1 ib . Ft/sec:

Power Logs = Power lLocg
WMoV o * ovularde (& Moving Vertieal

v s'teaciy ﬁ%a._te cruse 'F];%h'f
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