i MMMQCWB adeter \»_/
lﬁv.u( MMM VW\\MLgaM?,. e
i

Lo

]

¥ ] 3 i
4 it i g e i
i ) } } 1 : (
i i H I } ! 3
- .;, e o
i

{

@) ’ﬂu. \M.l\w‘#w is Mvv-w.ﬁ o\\si'wa‘d abwa @ew_, MJ\MM;. davdo\dr is re_aw.\rcp( So, M M S
vo«hu.l vz\na:ks ok e @mmk 0 "aw For am x- wxsc ob._, M;...mM?\V.,,V.f_\,.
F(z)= "2"5‘*/2 . =M ’I\Ms ,\M,s 'Ps\hw. oz, vc\oa\a alahsm

‘Z]Y/L-‘ﬂk Mm:\m,%&w“gﬂ

e %= Awf,‘SmbSh\u‘L Z] \-».crze.w ‘\'oqohkh.. fmtin
Mt fou bmmév._g ‘M@P!w ok} o= =TS F( 2) = v‘*/ i tyu/z‘ L
F@.cm.l\m&%cm ot y ’“u.u- ws\\\o\«s oue. s\qwl it Z»—a Z—LA amo?_z,g-z.z-\-wk S
: ! i ] H H ¢ i
i 1 :b | i H s f H i
- F€Z~)»=,~£-:%L_T - o ( -
: gy = 2z z""M) -"‘[23
7 ; | b z-u.A (z-
H i ! ) :
b ;LL!;;'_%Z: . MDS" thAA.w\h au\suutak i
o L%“”z TR T el 1T
1 w-'l.tk - S : -

Foan: S‘h/\olw\l'x Shehed ’hu..; ? ‘
s&rumhm .,rwk R Y O
} : Stk W\ﬂ\M Shsmhnh 3
» | P*h“w Mg h*shgmhm =

=0, . A @aﬁ iy M}r/n@@\r L ! Ry o, 4 T il

SLOWWVL mwm.& "\»\Ub ms-.y\,{s\l‘...{m.,
t 5

i

T
&
S S

i = - : o
} I Ve e a4 "'*72/4 S O;Am‘“‘%\ f“‘ o4..

TV N T N T
e wen. mk F(z) Iz M» 'bus cmgm M¢ : F(z\ uz 2o —dduE o2
,‘ 1B T" Zhed T oAy T

.

— u)wmu«*‘/ot M?owrof‘ ||
“ B o\oub\m d.nwmtc;)m. {%u -bo\-ww_« P
(VS m(co?mmam @mmpki ’“NL e
S\’%mhm ?om\-,,,re.mns“clom}-b «\\u. "

s }n-wu -

g

.- ,w[z]mmk‘.ﬂ, 4

). N\«MU»/‘*/d el wmi
M\mﬂw ‘w 'L: gyeund.. 1)

i

-v,,,_.l,,c,)msubswrc ,__,/ 2 owkresala F o v Ms.wu @M F(z)— udy - L et

T | S RO ;'"*" 23 r““""“"‘z‘%’”““"'
EN Lo e S IO T R (A A
i i g
'\'N_ Mv;«m value o Q{wmmw_m M.caF\‘w will. Mouk Quc\ku,s dms\- {mm’ﬂ\u. SW\A oum uhug M b
smsu\\a-\,?emh o«,{u._“ﬁw um\w%,_ '/IN» s)mw spafm M S0 Mbodey amawered M WA | | .; B |
| { : T
e SR A v +2,(z +§)) ( 2—:.) }v:—:- 42 (z +l) e F.0L k0 itk&ud'im ?ame ’
‘. i . iz ! o ,./!..M ! B i k , i B i i
N w\m»w‘m ‘lsk :z x;
| '



. S - - g -
Fink e valwe s Voak wiidn two veal solubions o v +dax () = 0 (omuda.

=>‘ (,‘Lt“)”':“_kx Nmki ‘f/v

‘(:‘”/1.‘)1', This skektm s ling Witk we real solukiows
o Rl soluiions amdk one real Solubion,

S\ka ot sidaes ¢

— WE Wk i ‘
; o Awis. N\MUA\SMMWG—M*D&«A
-k —7 |

At fwe dsied solutiow |, the [ines fouch amdl Meir gvadiemts ot el
< ] solve SwedFakesiiiy

o ,‘,"*x'(?c"ﬂ) =-k

Elniwate R Sy (x*+ D

n

(x40

> x*l o= 4t Lo xt= - [ WU are wol rea) sollfiows

> =41 , ] B R
- —1 ] QV)AT

- = 2 (1) amd W waet P sdubiow sl = W)L

S@swc back ua o find R: L R= _4‘(’/.3) (.'*/3)..? éir—éz; _ ’A—‘>.V_V,‘=', ,lf/k_ = :i]—l;'i A
Ve winbwssws VAlke 4 ok wwide e elicopion il Aol sudivg duaik e
e LQvaL w N = 31-?/ Wwoo [Qj]

4 Moo douider c.md.d,a\/) Mo tne Winemaakics (i;r rmehion) of fwe ,fkuw Awough Ane \Mﬂu?\'w Bady
bg;r it dow wob \ead Yo cealishe dupmnaits (i¢, fonwm).  Firsts, Mo presswe ok fe Slady v —0,
- Stondhy Ane Moot Uiingl . STRAAANO PSSt Chawid avOsS e Boda i zes
Meaming sl hert s 10 e Pona e flow on M hilicopoy Bk wo MCE. e it Aud fimo
By e Wehopler. | | [‘L']

K mere cealishic madeh wowld Intapondt on | StaGRANON IS MUASEL | G & WvinTm awnge ok
e voor Bakes. Dnese wodals oot colked ochafer dislc’ amedaly .

PRIAE WA - FSWAL— CA ARV Bon nrtnd

o was Hov vl YL wreA .
A opasting ., Mato Tiper 2026




s

il Qw.% :F\a\,.a U8 *\,\p__ Awrf_s\.\ B
Lw P\O.M.l.. leo\u Nl hr\._"

" [\(\d‘l‘a Mhovf

The aivfsl is honzewtsl .
fov_ fall mamvits Aua a(vfs\l wwgt e aa\mmduc. |

: ! |

! ; ]
T ) ! -
| e SM - i

H K

and s f\w M @ ad e - amgt& ]
| ,_ ‘ «&a\hm e e e ?"" :
.- T : Py i ' 7
MT~;¢M f\ou MMA 9, Oﬂ\mée/mmhwu uw.ulahm lS ol m@m D}
F\us DA NSLa\ouwa Whase. SMAA@)AA . /.A 4 ereatei aurcwm
l i ; (Y
s’rfem,;«\tu a.L-‘ \:_“&uﬁ.g’[ké.‘ V’sv%l;la,, /.4 ba denvid _wn r_,,#
. s DAY, VS0 S ,;&3_& SO —t... ”T‘"W‘*:‘ e
} i i : s i § i g ' i %
H 13 S —— PO SV
I/{cosé+/*w'se-= Oak. r—R _; ﬁ— R [13
i : b omrrl . A i ‘,
[ 1 o : ? 3 * ! i :
s : it ; gy ',C;(“**““-‘.“““ N —
M,P.\Mksﬁo. Vbrmcmk hu. O”‘f)\w? M‘subsh\"uhws - ‘Z,\——-:Ze, ;Ewk)rowcrwa /N Jxawg oJ‘ w\ow\w& o<
s ‘ ! - ..w;_...,.,‘,” i { ‘ . ; : i‘ mf,,, e i »MM.:“.»,.« L S S tZ.J
\ C A N i o i
ﬁ(z.),:-«'“llzi,&gwﬁ;mz—. Ne- 2 A COM SN g,w.fwﬂ-,“,f..,g%
0 w Ly ‘ i P
— B . S e T NP cam i:— WM#%A—-—?W “»
o) ’ML \,(.M\o\ Louhhovx s%’a!ra;M k\m Ms.ud \;a\w. csl_ f‘ ;s M N\Mdn ‘ M J:Ln‘a '
,4-,.,\LM ’(\vu. \vw Yms utsx. ?swo\’\«ks_m: .’“l\.l.S M.DMJ‘,_ m_}(u.g.uu. é}”v\sws\’(bwfkvwﬁk '\\u. o
Lol Awe | VOt | o

,,,,, 6M*\h6\« 6\ bomdowb’lwﬂus MP_‘&,?OWA}L {-‘m\m swvgnu_ b\le-Sl' amd ]

st .,..Mwa.—

H Q
congition 5. sa»hsgog ST TR S S L L W-&.,m.i...[zj e
H ! 2 i ! : i H
; ! 4 g . : x 4 + ‘ " k3 _.a
o\) ’l\mm:. s wwy *\9 CMfm\m M om\nﬁwo« froma_ e Vudfo tonditian... FV'@L;HLNM»&.L\:WMM
f ' Pt ! i
locake rbu_ Ml\m W_Lbéz n \‘\u- 2’ ik T - T)\w\.u - SN SO SO S SO NSNS MU
3 H 3 ¢ i H
; - 4 P P .
| vt TP ik
E H % i : i i ; ;
I : - T“MT- : . : m?“_,‘.r.._._.,... 3 + 2 j t ! T X g
’ - - P Tzoax% - % ¢ T
e AT T o i 1 1 al T
““;w !(‘ : ; § \:\L ;/ ! ! | i H !
i T ] C e R !
S T \_—-——/ S . 7 NS W SR
E R kN
B : : i I i
- S N S S N S IO SRS SO WO S SN SO SN S S
i i ! i ;
i -Mm;w.iw.‘ S SO SV IS S

’W. ‘hm«\mf) Ubae, is| cd' 'Z.Was.
i
Sa-\'\s S\M ,Jhw, rem S\’Aﬁwnhw

1

LS P evbieenbon

H

. .,,.ﬂ.,m} ! ‘4,5 ! J
'/nu. Laup\ux Pohmv-\ owvoumd fue obwt t:«g\mdav

N\ALL\ Mo.? S o ? 'lo\ Fd\r MN_K«MA Low\'ﬁov\ o E&A=W
Y:m\— wuﬁ_a h:_f;\\- \/\m ‘ ’

;E'E

' !




. 2 . .
‘F(z') = llz,e:b4 + Q\_@_é‘ LA _L:ZE_\KZ_ + conston . fsr a cca\iuo\w Wi radivr R ook ue evigin
z ]
= ~ T = ) |
> F(z) = U(z+ dc)iw BUCN GO LT fw(z+ac) & constonr for owr colinder .
! 2+a9d 2
- S VI S N -
S 8E - M W9 M T L p s zea e v sagualion
az 2+ad)” yitr(z—mc_} Ta‘m\' s ok 2=a

> ‘; -I/T.e:ca( - [XMQ:PLJ‘— _:li'..l.’]______ =10

9 I (a2

s
> ~TUWlstmat - 9 = o

fr (awac)
> M= = 4plla (J+c) sin A [8]
% .= l\‘?""B‘ﬂLWM'\' W\{)",\ - , -g[}lr‘ | WWL Lis e Q\AM\MAG’(\

) i ey 1 (3
FeUL 3
J . r al
o N b =l — + 1 ’\"D = —o(\42c) —.
The leading edpe 5 af 2= a(1+2e) binjth s Xt (429 o (14 2¢)

> e caod_lemp, L, s

vZoL+ a(\'+ 2e) + ‘

& _ (Bo+2ac)(142e)+ o _ da +Bac+Hact _ \Lta(\'\-c.)’-‘
T \+2b | 1+ % V4 2
9 A ‘f-‘\-&c}').c‘—'c
s> C.= A (S AL swma) (1 2e) QTrsmo(<L)‘_5‘-> L 2\TS’W_\0(<\ +—°—>
7 %d\/%&(“d& | | +c [+c

Ik U osmalk A S = L . 1f we | civisl iS AniaAlam  C<<d [4)

3 G~ IMx Poutt @) ard (B wore] WUA o sustrad |

Ma)km:\’w\;\m 2024



i Co

i
oo, St e e e V

3 a) i m (r<z)  plane. ’-'Mar !
. fnms :s;ﬂs\m\mw%‘o(m ‘LD s‘%-p.ﬁvvu

)

\/\nhl\ \Az Mm i e .i.«, R

4-

H
i
:
H

S

$ommanen -mug

s far mwl =24z, 1

¥
1
i
.
i
i
;
H
:
3

H
‘

i t. {

H

i

S“‘N"L ko Ane . xpiession fiy A £ M amuhm

hm,sﬂns mm Yo is m\'o««(—‘umd'io« &6 .

Ve-‘im"‘* ).

N .t
; 1]

vy A\\Mdnw 6\.Mw- gmw 4 m*vd\wn

.L,.-M.a.;»“m o e ....'-?

\ 6), ’(\r\n. anbf/- -5t '\Vu.“ve/\-aa’noh ml{-‘,;hms is_ 1\@»\ o
: W“&M dM&i’b;WWQ(,_SNO;h—WV\&, ov._ vmruy. ’n\hug!' D]

N

5 ; g i e !

wmmgQ-M w\w'a\»\ ’l\ms \s M mﬁwm J\.: t")

i
1 i I [

1y
:
i
i

”‘W‘:’) B “"*‘#‘b Wé"*

: 1 -t .-T | 3 3
R ‘W”MA:' ,le‘«v‘—nr Z’T""" T

3

e
i 5

i

t — A(Jz P
5’ our {—

m.:, 77y 6}4\»\:. swuuw‘

. . . : &
T .i 7

Azt ot o\wm LSS el or 2 i B]..,
RN Mwﬂ WM G )
g | e R
T e %uhsn 0

SRS N ST T2 1 ;

E |~ 1 i 1

: C/-.——g | _y
RO SNGAS USRI S S R 4 i : P

y ; §

1]

'@wm'-w‘

-}

(w.sz,uzwt%e_j @)= =0

i



)

 '\/9()- JP% E)d(’ Wt f) is! a.d,u.mlm.:, vailabe Yo cwouA Comdusion it

Nk Jwav dwz- = o< L Qs
| BRI sO A puions puge
0( df’ (D Z(P | 4 |
i = ‘Uf o—T— | I,f s
”f?wz@de i v{“’z} ’3?{“1( ol = Ty -l h
bt bt aanhaens P SadeF (D dasrved,
; =>V9 (V') = VU 1 { | — WP(—O'E )S IO Kglormic lyxpression (1) talowladin o]
~ A r 12"U wﬁl’u (i) Swtuned Mnie wam
1 | ‘ - 1 ’\/0\)0. | i . . Ok ’{‘\M‘\L\U) (V72 117V W A T
As r‘-’m/ ‘\/é"9 7"\:
As -0 ' ,"Nz> 1-47 g Do 1 AT _ ot
| ,0)1?(‘2_.\) : o e(r)a}/{( Tar T =
\/QA\ gg_‘fq
&
Vo
veoe |
o
: v [463
e L

vor\-ict\b is diffuscd Mg Niscows effeds, Winidh Lomtivuousyy Clissipares entrgy . Howtaw,
oKLy 1S QoneraftA Londmamnsin, dadugh vodox svefing . W Ahe deadsy strbe fauand
e Bnapn ved, s Ao cffeds balbma gdoysnt un dng Stwid . NoRe twak
W W Yo e dove MM.%.\M% Yo gmable vitue Svehihing, [z}



(a) For h{‘;jk @et}e\ous W v L {\ws, Re > 1

®
§< L, ov — <L

(h) tonzonrak velociry w . Secale U,

) | B M V]
hoar 2 onked dism\q&_ e o : Sale L. '—'? ﬁ =
vemtriCeh  Jickante

Y 2 Scale 3§, ik Y
2% s
Ce) 2V U o |
x T — A2 e A s the
geale of V,
U o
CMHVL\G\'j a‘v\ Sn 3= %“; .0
sr2y o%]
Y
A maugk be (:)3, ovaen oL~ L
V- momentum eqn
() o M a:ﬁ\ R I G
T A N e = e Ve g
o X a’o, ?'{»)3(, ' PN 3‘3
0= ]%% 0% Ll +o[277+ O[22
b o i L* 8
af Pw’ u = 6 "2- ‘
‘\ ; b ALY i g L" f - .
wwidad b G7eotol V=4t 01,1+ O (8 55 ]
The {agh oM (g indetermin e ‘/Re ~ Oy 0

, sy 0 >
O 255 50 08 Re >4 o g (gt with the game

(& Ly 8 ,
WAG BRLE w1 WA eqvu»’ﬂﬁv‘ ¥Y Euwlen k:q;\ ot §oo "
¢
@ w - O Wwe dedute S’bhﬁ; (:;C{V\e b SO &*mA;c:h@’\ U" ﬁ
@h‘)h | VR .
Wo e S ﬁ-wm’%@.
Q m \.M" Pq&g ),,a\,lb \.S the Y& vO (&/L) |
3}»4})( \\« £
_3{:%‘\0& s ""I Yee ‘Tky.,e{fbr +he <Pl
- a"{ e LL - ?
R u”a?( \JM “a—’ ‘*v%}t};



( © \ W e &L\J’ {qu‘\{\&“ :'J \{;i \.ff&n\ Y P C?{ﬁj\ ' - 2.

lav)
i

Cooxdina®ess ooy _ gz BY [ no +i 5ol ]
ww 1N cm.:.\ N GNE codtamlie

Thew  Shreaw -i-ww*ﬁ?‘-"\ .& Ve l(?frl‘hﬁ L . ‘
Noes  f - -t =_RnY s‘mma)
Vf = By Sie)  uwy s BnY Cosnb Mo ¢ '

A
Gag b eom Line
o e\ ng =T e st ﬁ«\ghi str '

g=0
’ : wée. CoHmn
Foy o Covnen o 240 deqres
L3
choos€ n_:,}; ; hew e, 9__? '

<

! WM«-‘M et it
i‘U(}f‘ﬁﬁAﬁﬁﬁ ) A= ::Ei

e

" U ~C
X 3 i wax, Repe = 7
S v Ll -0 A I WW‘]
I T - L L}

(VX N7 L
8~‘(v$ )" = \M> ~



. -4 | 2=

5 =
- G J *~'~(1~..>A.3 Sj(ie?‘)ew‘&'n _Sf & -e oh]:g
%*
H= 2
2 oo Y
w TR ‘3‘3*9“: M%(U (- e )ig—;a =

(b) HMomemtuvm pte C&ml equatiom '
do | 6 du ¢
I T T s (H“hi} -

U
Lde" g do o, 2 2 480 22
oE A AP A A

- dy de* _ 2V »ds*¥ 2V
HTOV A0, T, Y a7 O

1 ’ L'-r zy K 4 Cmarowt
2 (& -0

. N ¥ bt
5@:) ¢¥=0 ot X=0 , § = ‘ZRI‘U’”/ U i comate
x é ,4 2 5* 40 _ ¥V

4v _ ¥
A% R ACH U(-’L)' %-y)a 4 Cantoal

One. teallsh ¢ {f’icm) 1S the {:(cw ortamy e
S\'ﬁ.a\‘tdtﬁn\ ‘73: M:k ww 'HP\_Q %‘T@ﬁi’?‘én%ﬂ Vdﬁc" i“ﬁ

Siebd  w =4(X, -Y), A (¢ o Camtamt




((“ % SR & A - (MWT
AW dy | dp |
i U — Z = e -

dx s “ pdax ™ %‘)L
Ul_-:, E:)(,l A+ Comband B—;-_’g.

iteont  \oss  grraneliy et V()70 hen @€
u?“-: X , oY ‘Lu:ok;c }

]

T"\Q W 0 Lntuna Eﬂ"’ (/\.O,vxu, becomes .

¥ ¥
4% 4—8»,7(:__%.2_—-

dx+7;

E:\(\QIUL 1§ & SC)kL\*'\CiI

e »Av'”“' X ~
‘l N& o — o] - —
E - 'Z;d\J) ¢ S j 2.
One nealish ¢ {\md s the flow asund A
iO“V\ ?oiv»\’ WW 'H/LE -?r{.@_#;.*TCCXM \/E/Luc,ih)

S\’Ckﬁl/\o»{‘
'g‘d«‘\ W = oL(:C/ ——‘3)\‘

—————— .

PS: (xc\\\-’;r\n.l soluatt
g:‘t Y _E - B s a rc%fb\ftw\t—

N— A———

R - X‘% )

L\c\*\{,‘\-‘\ ¢
eq S

R e§ rho abevue

wWe  take =0



A) c, = 2 = (.29 o
g: ’i_suzccc = l7?’,—;4

b 30%F .
o%u%,

Chame in U“&JZ;{("‘['& : Uy ® @12 = Vorg

New ot —9.8°
= - 4¢P @o»wo!oﬂ‘&.(

DL = 2T = 0417

¢) wil f&P(W/«\l
‘y/

07 ¢

ASSUW[«(S el ocuj& : %.C = ’%03,:’_-‘ 4/1._-_ 03,}”
’}UZO.SC: ’l/{‘O]c_ % :0.7}1/
:Lkr:éoiwa 'l(«( ﬂexP iVICP'&Z§2$ Otuj& d’/ a(#ad< Ay%

New aborl Cua. : Oex<E
;({Q ! hrer@

Cﬁi Z%Q = Y, gc.<>f<C_

: @F>9>O

whee COSQFIO_EIL .= 116
o= #ZS(%:% o =-E[ ety o))
< Z @ pry)-2y = Ylma-04 =018y

. & e
q =4€3in2‘-)4@@0(@:- }; [-%Scasuafgaég@@w]

o 1] (3
37 [ sty ] - Lopsia, = 11Ty
4 Cp ) oggx'o

9
479 e ~+ ’\r(ﬂ@* >

4ma.=(;wa
06wy + 0138wt *VV

= /.3237}’9&.: & /5”6'}#

To COunplatale Q@y« gus% reqUIFeS
Ac, =0 . 4l7 = S.IBy
Y=0O1 x57°

———
At the reduced speed, the change in angle of attack due to the gust is much

C) greater (11.3 deg). This means that the flap has to deploy at a much greater
angle. This is likely to lead to flow separation over the flap - which in turn can
trigger complete airfoil stall. The likelihood for stall is further exacerbated
because the main airfoil has to operate at higher Cl at the lower flight speed
(and is thus already closer to stall). Stall during flat deployment is particularly
dangerous because it causes the opposite of what is required, i.e. a loss in lift
instead of an increase.
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C)

See notes. Rectangular wing has benign stall characteristics because wing loading is
approximately elliptical. This means that the local lift, and thus local cl is highest in the
centre, so there is no danger of tip stall. Twisting the wing reduces the geometric angle of
attack at the tips and thus reduces the likelihood of tip stall even further, the img is
therefore even more benign.

yZ J A wing with a taper ratio of 40% has an induced drag coefficient that is only marginally
greater than an elliptic wing (see notes). This therefore improves the wings
performance by reducing the induced drag (by around 4%). Tapering the wing also
reduces wetted area which lowers the viscous drag.

_ <4 ¢

Wu'\«l QOQ Dtt‘btrg F M e

Tapering the wing reduces wing area near the tips. The wing loading reminds approximately
elliptical and this therefore increases the lift coefficient towards the tips. This can introduce
dangerous tip stall (see notes).
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c)
=4 -

The sharp corner at the start of the bonnet is very likely to cause flow separation (as
sketched). The rounded nose prevents this which reduces drag. Also, the rounder shape
has some low pressure regions facing forwards, which generates some thrust. Note that
the round nose raises the stagnation point, sending more flow towards the underbody
(relevant for e)).

A)

The front spoiler reduces flow into the gap between the underbody and the road.
Because this is an old car, there is likely to be significant roughness along the underbody
which generates drag when exposed to fast moving air. Also, the interaction with wheels
and wheel arches generates drag. Reducing the flow speeds underneath the vehicle
therefore reduces drag (even though the spoiler itself introduces a drag penalty)

°)

Both devices in isolation generate additional drag in other areas. The rounded nose
moves the stagnation point further up and is thus likely to 'push’ more flow into the
underbody - creating more drag there. Likewise, the front spoiler diverts more flow above
the vehicle, exacerbating the problem described in c). Therefore, either device in isolation
does not bring the full benefit. Combining both devices is therefore more effective.






