i

176F

Ul

ol
LRI PHESPE
eLésol oo
Ao Tt % Sy e 2l CSlas 9 Sl olRLN 5
ArIY)I$ los) i plol
(V) o yloss azr ids gl et 5 s
gy Sladed pgle iyl g
2325 il amien Bl s
4 -
$999 =0/ k

JB1 (3 yoko 4au3) (5 353 520 393
"Ry I

(1) L =l uitigo

(YYY) o) Swolsag 4T

g %"f%‘ S
:

i

FO 1w 3o

ALES D¢ 1 g sFuly Sos

Q'}'|‘3_4 a)M P Sl .J:I._".!L:.al ...‘|3.o Q'_g..'_:

ﬁJLn.u-.! L_I -ﬂJI-ﬂ.nII 5,1: Jl}ul -}L‘L‘l._!_ Eilm' -513.0 L.t-l.‘ll.JJ
Sealiazg 51 - g ket ) S
£ \ £ e e Y I e T e \
(Sge Goile Sueling il osgs pole

3413 o & g0d Cyg0 3T o
il gsd jlon wld (ouie 31 0ol

WY Il olowii

e

g gty O, e i ol g il o0 e o o e i B g o ol a1 e T 5 150 0 (00 SRy I ) i g8 0 ¥ il gyl >




Slawlne pll oo

¥ aseio 176F 1_|;4.ct...¢|.‘él'.| 990 ASaoes

blise camive o I(Z) =SIN(SINZ) y38) Ko ba yio pé Jgl calos 90

131 o sl
z' z'
Z+— (Y Z—— (\
\l Y
Z' z'
z+— (f Z—— (Y
r! ¥!

0313 &llame yo U(X, 1) = X(O)T(t) Lo piio g3lolaz o) 3l s3licul b

qd\.’rj‘sn G d ::'!!H 4= T(t} '5].’" - )

Uy — Uy, —uU=0 c<X<) ,t>0
u(e,t)=u(lt)=-
u(x,e)=¢c c€X<)

sin(tvk'n" —1) sin(tvkm—1)

sin(t(k'mt" =) «f sin(t(km—1)) ¢r
- dz
gy et (LR g 53 (e € ;a«sfﬂ JI S ol
p coshz

el pluS b 0 (£TC,0) ¢ (7T, T)
—YTC (Y —Ymi (\
Y (f YTO(Y

) gt ot i | sty Y s Jhmw e o Al jo

. Za [ - HI A . - — . — —

- B
p= 3 (A,r + —:]{Cn cosnB+ Dy, sinnB) S8 4 G g Joniliy
n=o r

d . . .
gr=hb 5‘§?=o,r=a gl (0 polio plad (o3l 4 510940 o0 ol

G ylee allune Olgar olSST il 1,8 0 (Culs iJs(a:»h))g—{p:UcnsB
r

sl

q¥ T Y Y
(p:LY(r—d—)cosﬂ (v [p:%(r—d—)sinﬂ (\

(b'—a’) T (b"—a") T

Y ¥ Y Y
{p—iLb (r+d—]sin[3 (f (pziyb - (r+d—}£:039 (¥

ROEY R (b"-a") T



e plov! Jowo

Y aseiio 176F 1_|;4.ct...¢|.‘él'.| 990 ASaoes

s g9k a f(x)= e ¥l &b 4598 o

[ F(o) = _[ :ae_im"f(x)dx]

il plas
! (v \ 0\
V' V@
-
v ) s
V@ f M or
) o> V+ o

V@

ol Jadxi Z, = V=1 ahais yo f(Z)=u(r,0) +iv(r,0) sl guls o
plas ;5T e alai yo U, Vg + UGV, slake ©ygocn! 0 F(Z,)=+H1+i 5
% |

—¥i (¥ —vJ¥i 0

Wy Vo

Gl W= IV ais 4 Z ais )1 Y > Cy 9 X> €, 4l yguai

)

- Z
Cy>oC <o (Y Cy<oeCy<o
Cy>oeCy>o (f Cy<oeCymo(r

o 800 = [ FOX 151 el gy 5 S s 1)

_ )
Coanl plas B(X) &l da398 (53w 30 A, vy pd Sygeo owl 30« B0} = v

. -

(r) —
-? ¥
-
— (Y
\ VY

\.{T




wllno plonil Joxo

¥ aseio 176F 1_|;4.ct...¢|.‘él'.| 990 ASaoes

Cmind o Jolis a5 D 038> 50 F(2) = u(r,0)+ iv(r,0) ke b
¥ (Ba) 21 (i O 4 BV o il a5 cound a3 Wil oo ol
el @IS U @l 5 o &y (0l 30 . (05100 St T

Clnr (v Co

C,Lor +C, (f Laor+C ¢r

Uy — Uy = sin' (TX),0< X<V ,t>0
u(x,o)=o ,uy(x4c)=0 ,0<X<) (‘b}l,_g_‘,_,.o_.a.;gr}l&di.u.n
u(e,t)=o ,u(),t)=c,Vt>o

i e e 0 3525 g0 o UK, €)= VIX) =W b paiio yasis b

(Y) sipe

Wi =Wy =0 MR T I -
W(X,0) = g(X) ,W(X,0)=0 ,0<X<)
W(o,t)=w(),t)=o0

ol Gy bl g A1) Jdlpins aldles jo aF cawl ol V(X) o jo o

] pldfg(‘i) Slade O0F oo e

- Voo,
m¢51n(ﬁx)+w~;51n(‘mx) 0\

s YT

A .
—m;sm(ﬂ.‘x) - . sin(Y7x) (Y
A1 YFI

-1 . Yo
—sin{mx ) + —sin(vmx) (¢
¥ vs

A Vo,
—sin(mx ) ——sin(Ymx) (f
f vs

Wl gl a0l w i J1Sl adolee

o N <o
j ) [ A(L)cos(Ax)+ B(A)sin(Ax)]ar = % x=o
m—x 5 x>0

Fodiwd aluf cud & B{?L) g A(?‘u:l polie

et e v e e ()
\ A A \
AR ¥ 1Y i T v
VA A+ ALY VA

A

-1



too v(u)du |
j = »o<a<h IS saolae yo
—eo (x—u) +a" x"+b"
°° CosOX T —mx
——do=—=2¢t¢ g ool y) Sl slas V(X)) fowls
jn mT-.}-aT Ym L 4 * +( } =
b—a)u b+a)u
y(x)= (T ) -0 yx)= {Y ) -
brx +(b-a) | ba[x. +(b+a)' |
Y =Dy - @2b) —
brfx" +(a—b)"] br[x" +(a<b) ]

ol plus f(X) = In(ms(%)} s —TE XTI ol 4 g9 6 g

=% ] o0 n
- -\
-Iny=-¥ ) cospx (¥ =Iny= 3% =) CosSNX ()
n=y T+ n=y 1
o (_ )n oo _ 1
~Iny- ¥ cosnx (f ~Iny- ¥ CoOSNX (%
n=Ymn 1 n=' n

v
NIRRT O J {;{1 - cosh(at})} = Ln(t—a—r} —
s

¢t alas £ {;(1—%8{@})}

A Y
o) o)
Ln{——1) v Ln(y——) (\
v Y
s s
m"
Ln(v+w's") (¥ La(+—)
8
sllus Olg2 gl

Uy, =W oSXST,t20
u(e,t)=u(m,t)=-c
u(x,c)=sinx+sin¥x co<x<

T
el plas u(?,’l) slade

e+e (Y e—e
1o \o

e =) e -+
— (f — (f

-1

-F



Slawlne plouit Jono

F dxiao 176F 1_|;4.ct...¢|.‘él'.| 990 ASaoes

ol 00l oty 13 S5l 0 AR = A L JU S gl pdrag polar goce

fewl pluse ,Oswald’s Efficiency Factor ¢ Cpy, ;lais

1
08 e, =AY ¢ CD._ =c,;o¥d ()
1;' e, =\F ¢ CD =0y a¥t (v
o4 . o
02 g, =c/Ab ¢ CD‘ =opays (v
LN R e, =c2: Cp, =egpev (f

A a9 p il oS )0 g oadlo iz i e Bl 900 A Elad b o lailgid
s Sl Pog of e e § U bl o131 ol ot s 5l
s (53, _[ ugd 1l jladio 99 5,1y Job uzly 1 N (59, 4ilgian!
il S dilgial
N/(ap.U.,) (1
U _[ (v—¥sin )d

N

(v

g o yhus

alfus plus 11y puus S Jao (circulation) o & Ol puds (o olS 5905
Fass o pl

P YL ok 5 ogline ()

S5V - syl X

syl (F

sHAY(f

Ry

=1y



Slwilne plow! Jowo

Y daxio 176F 1_|;4.ct...¢|.‘él'.| 990 ASaoes

am olailginl g9) 51 JSb @illae « U e pus b g3l o515 9 (0310 (3L 2
G ygo 3o a5 (£) Sl b Fool p gli )l didon 55 o joue @ glad
el pla il oo oyl Jas 51 =Ya ojluil a o alold

W= Uy edlpss gl ol 2 &b

Y= —Ua" sin0/1 :cdls ghae by ot

\l
—a (4
)

a
1
\ﬁa \

af

YT TXY =€ g o Jlows (50 58 i 53 3l r bgkas 1 oSl slas

dlols sa el abuly b e s allao ol ST.0l oo Cull jlado € a8 0l 0

|V = \/x*+7xy+ry" Coad pla8 VXV it s e J 5

l?llr o {T '1' O |:‘|I

Yx (f x4y r

§ Cond puzee Vortex Lattice Method (VM) (29; 5590 30 3580 plas
i o ool pin Lo b sldl sl ey ol (1

il ol s sl b sl U gl ey el (Y

2 e | B esliial 3500 b (e a2 b sla b T Ghsy ! (F

25 g0 18 eoliiul 9550 9b 5 Cualis b sledl Julod sl U3, 0! (F

PSS e eadecl lid s LY =T Caless wiud wals )F L o
PASY Colgs 003 b dsde iy K 9 X jam olasel o =Y Job g
sy Ll o s e g 03] g s 5 50 1, T =Y Jobo o ¥ a0 Slocial

S5 e e 33 Slacl) Coel plas” Ao 8,0, 8) ahadi jo Jy g0 3 8L

X (sl oo
—o; 8 ()

LA '
ob (Y

Yot

-4

¥

-

_ry



o lawlons plo! oo

A dsedo 176F 1_|;4.ct...¢|.‘él'.| 990 ASaoes

ould 0010 (Ll L Ao Sy Sl 9 oYL Zab (59 JLAS oy 203y

o9 Jaid pe 2V g ol zab g9y Slael o pi 5145 90 0 Sl

3l asdls Cm Scllc.ﬂucn aca il o iy a0V 0 dles aigl) g

c/¥
-
A uper surfacecp
P S distribution
§ e
: ~<
T ~
o 10,25 .::'_.T y
[ —
-
’f'f
-
_ " Lower surface
+Hb disTribution

Ca =20y =10.Cp = yr. G =070, Cpy e =247 O

E:E'l = u'—'CTI = \II.IT",’CI — "_.’Tacd = “.-"Tﬂ C = n:.‘ll.:\ (v

Me/¥

Cy=9.C, =370, C) =W A,Cy =0n0,C —op ) (Y

mess
Ca =26 =00.Cp=y7.Cg =0 Cpy e =o/7 (F
(Circulation) b8, Faisi slyls Koo dlas argly 30 T30 bsdpl O
g0 2
X X Xy
(2) = WVool=— ()]
v C o c C

My oo ad Jgo (b glow iy Oy T 59500 a pd sl

b Gl plp i i @

s 1 ¥ |
Cmyp=—sC.=— (¥ Cmjp=—+Cpr=— ()
L.E N e " L.E v ¥

) y 3 A1
Cm =+4+—C, =— (f Cm =——+Cp=— (v
L.E v e f L.E v v

5T amiibono T(¥) =T ol (cirenlation) s, ajsf @lyls Jb o

s Ty oo al V, =1ooft/s,S=Yooft" ch="¥oft

ft' 1
Yol yuds — s J'f(‘l_r =1
sec
YO (Y Yooo (Y

Yoo (F Hoo (¥

-y

-Y¥

-Yé



Slawlne pll oo

8 aseio 176F 1_|;4.ct...¢|.‘él'.| 990 ASaoes

SASian 47 VOTIEX s )5 Jiy by 9 SISy 5 yab b sl Ji 3 o3bika!

L0 o Sl

i) & iy gl 5 995 Bl SValas I (S il b8 by Jlas! sl )
el 39 o B (slalslas 4>

o ails e Lo slowd 4 Lgales (Y

! | Sligd i (Y

Jaedu o (F

29l ) culogls 5158 Hlane SO sglas 5 JRG Galhe o sl alo )5 Sy
TS 00 S p2 41 £ 9 b g pluS
Oty S 2 ()
i Canw 4 (T

L;;L..J‘:_:, T

YU oo 4 (F

Aspect ratio, (g e o o 3bsjl b
uliem Gl Ul ho gl g om0 Cry i w0
i Gl Ol ades augly Jy oo GRIAC g cid o pa (F

e il 5 58 Ogra)) e agly 5 Cpgy i oyl (

ooy 5% sl p3 gloasa 3¥ 510 plus sl ol 9z e bz 28 L
P! pases sl

AT 0 095 Jod pl Ay Sl | AT s e b 0y

| g | =Wy | ¥ [Og [= |a | OV

el g (F |0y [ >]0g | (7

—¥$

-YA

-4



Sl plowt Jowo

Vo aseius 176F 1_|;4.ct...¢|.‘él'.| 990 ASaoes

3 sl az ell 4 Conl oudl 0010 5 Wjg0 4 (e B (gum 90 (Bl Sy gl Y
Tl s 2 ol b 32 S B jre Ggd by U8 G pb

y=56x" —raxy'

adolne Ly y 3 gebass oYU dmes b 5l pho alesl aigly s Mg > olbye -1

(59 St o b oo i 58 [ XIS Vb /g gy =—ex"+b

b
sy ¥ plad 4 Jas 8595 3l Jel= .i X |E J; edgdes 33« pr o ylgrd

Pl i Suayd
M1
e W\
. I
ﬁ—-—-_——+ / e p-
FArs For P s Sy LA A A A A
H(twa) Wave)
ve'x
I'J{.‘C.‘
FEX
—_ (v
v
M.‘x_\. """ 1
rxe
¥ ¥
b(M., —")
MEX
(f



Sl plo! oo

STy = | Fon gl e S 3 4T Liguo Gadlo (Diffuser) ;i SO 50

(Normal shock) gog—sos gl psd Fae 5o aylpd i ol odd JuSis

o=t Cwd il g0 ‘SJHJ&UH1 ) ;tcn.u!‘ nm’bm1;m dazli 4o

TS o0 ek 4952 o Contlign Wi 09290 sla 6 90

g At e oS s Y dy el e wtly ine JLid plizel S ()
hu].nsm IEL' Eﬂaﬁ P T ‘—“-ll-'&) g U“SC'J'-'

oy 10 ol F olF ol ojlull A aiey wgla o rae Sl AR e (Y
RS 3181y amb o Sl 3 s g

L 8 .‘:.5‘54\;-5:,:'— SVl Ls!:d\-}'ué Tea el Sade Glid | mlizg) }f' (¥

wilo ga, U1 Rar i5u o Zulys jo g

24V 0 il assli o Lo 8 (Wedge) os8 Sy 5 (Cone) by ,i Sy

P 1y 4 90 ol Goy @by slee oIS Wiy ooy 3 M, =Y Lol 2

U5 o0 oyl

Sl O sS 8T i o by e S 4l 0 bl sl zee gl ()
% Sl el T gy 008 )0 a8 e 50 a8 e Ly Ll e 00l s
WS e e 38 ol ety ol

Fagd 035 4 Sl (sl mee bgye ;0 Bliz GO m dw S 4 (F
S g0 gt Oy b 0l g 39 o0

oz ;T2 02 ;TS sT o5F & S bye o Ll sland zae al (¥
el Sl 09 95 58 (slp st zae Sty GLm ol g 3eh o

oz 4y 5l p 3 g il iS5 aS 098 5l Loy e 30 Do slaypl Tae gl (F
S o byt o sl s e onl Sedy b (ol adzmes S0k s

o Sl 098

-YY

Y



Wl ploo! oo

1..\_5.; L'_,L_u.'-g- S &Umqh)o ¢1ji5hh4613hxjﬁ(a)mJ&
Gy L yo dan 3o Mo =Y U igd ! fyles (b) jo o5 Jl> j0 a8
Cdlo g0 0 A abi jo Py 5 jLis o P oSlilow! jLis jlade 550 5o .0i8 0

Pl ] dio 3 plas

\ |
M_=1 . - M.=2 A .
/ l_._
(a) (b)

(Poa)a <(Pig)p-(Pady <(Pplp O
(Pop)a = (B A JpalPa )y <(Py)p (¥
(Psa )a = (Poa )p.(Pa)g = (Py)p (¥
(Pada <(Popg)p-(Pa)g > (Py)p (F

faiload e wlal olas w(Super critical) Jl o 598 Jogd u!

00d oS il pdizge D30 U g Dge dsile ausl oludl asST 3 axads ()
238 Lozl ol el jads Lsd ! YL o

el Sl ke 5 adl 58 aols Jgdpl WU ;o ead JuSias Lo (Y
D95 03y sglaspd Zg0 gl

Sl > Jogtnl GV Cead (53 pr o (LSS g GeBle L (T
il S S

232 033 Jagdpl GV 10 Sigo Byile 45l S5 a3l Vo (F

S & gladuly 4z 5150 (g y9me oLk diay (gl oud Ghad HLAS oo

(st (LEE] glacas pa ¥ g’ 0057 (b ye e o Uy ) Sl o

, Y
LS v 0
P T
Urx,- E’-x—
.
oo u’ o
p=———=|=
U, (U,
1] ¥
oo u'v’ .
Py
U, UL_!
/ oY A1
ru u v
U'“/’G l"].’x.s [‘]TTR..-

-YF

Yo

_v§



Sl plow! oo

00,5 g0 1 pai 9§ D yguods Suiliul sleo 4 yefn 5lod G

T, Y
T =0 + Y M )
cod ol bl ol e Ll 58 gy alad, ! O

sl oo Sapg 3l by 40 JalS S sl e ey 0l (Y
25 ealid Gl pe 50 S alal gl s | alaly (T

sl q_'ﬁl‘:‘t"‘ .5._..?L1L.}1 \_JL‘.,.‘:- 5o G.él'j J|f Lg|’.! "-1‘:-21,' i_'},._.‘. (f

wiall 4 gl eV 5l ol b b ol jadgiy oue 30 op) b @b
adgo 3l eolisul Lo gy ol b il oo Gl 8 (S Tas] gl o 28

s Loslen b s, (turbulence generator) Soall

»
o t{{\* Ha o
‘t.\;“‘w.‘ o e, coremee s |

- ., h“ .. Turbulent e ————d
"‘?_ 1 r Laminar \g!

i L aass ™

w, | g,

e [N 'Y; /FL. _________ ""n .,

lr- 1& e,
| R
] R S S A (NN . S WY SRS SR R N

w3 g ot 10? 1of Ty (o'
Re =P_'”5'.E

2 e al8 g tlaz = 5o Jlw 54 el ()
@lad by als 5 Jlow fulas o x s (F

Tp s Gl g Giulae Jl> 33 Sl (63 hals (¥
Gbd gl 2alS g ol e g Tl (F

Tl G yali by il 3590 50 dou)F plas
Syl 2a2y iy e 59, (I=P+pu ) Sl a e i el (0
B3 o 7y (Siax ) a_si.ﬁ_r"";_l Al bail s o by gles ASlas alads (Y

L‘-;‘:‘ﬂ)ihs""}"rl.s“""‘d‘“""'l;"“ﬂ"" néL@JLu’ngba)guba-gq q ;I
el oo 2lS
kS
adyo Jds 0 40 bl s Spe Gile (b ol Jeb S (F

Bylad demg S Dl ) s S

-Yv

YA

-¥4



Sl plonit oo

VF Ao 176F 1_|;4.ct...¢|.‘él'.| 990 ASaoes

dJ-;u‘llld_! d_--g.?l_!dg_&u_u Jlﬂn—all—g qu_ilS J;fg el ov) ,jgﬂn dl"f"
&
Ds_u:!c_g..‘ll.n [JLIJJ' gl o,y X E.h.i.i‘,.:.pjlj‘_;la.u..é ca.ln_{.'! .L* > L

P
Tomo ) 43S oS iy oo M =1 &y JUI5 el 10 slay o oo wody

(6 56 T g0 am alold: Ly ) fcans!

L2
o e e e e e >
|
Ml | M* =1
i
Mx | My
SEmsssssseee- > # * #
Lx LX +LV:LT [‘I

# #
Ly+Ly =Ly

Ly +Ly =L (f

Tl Ll iy plise S (ol (L3 2 Jolae

35l Gl S oz Jaid ()

Sl AT Lol 5 g2 Laiié (Y

ol olawe 33 5% ST LolT 5 sl (Lol T ags (F

b Ol 5o Sl (ST 0bsl T 5 09 25T sl S Sgg (F

Ca =00 M gl wo s @ls piqleSly oy o S50 Jaghpl Sy
bl plp o)V Flesas jo bedpl cpl glp cu po onl jlade il o

o ok ()

ey (Y

SN (T

35 dpwslma g3 cod agd glaosls L (¥

_¥.

-F

-¥Y



wlawlono plowil Joxo

o S B30 ol 00380 (glgn (o105 dtuy T Byl g0 a5 Ty il Algd S

dtox pla5 .55 b 0 3l phanedl Casss 4 LS jsbar dlg) czr G )b

sl o

ol ) o Ay g 0l 52T o) o o 3 (gLl lanl an S ()
2 et JLzd 0,88 5 ) adgd A gae o3 By i 0 25 >
g0 pSl> algl slel

el e a gead LS AT al) e e 5 el B sl S5 (Y
Sl 53 el JLid o, g bl @ e (3T (s 0SS 0 25 >
D3 e S > o)

el Gt 8 § 09 St adg) e amt (6 b hpal s o (F
5 et LB ) 4y Ll ag zae oSl By S e S >
23 go @Sl Ayl el

[ o 4 g 0 LSty e o 5] o] el i o (F
b 3 phall LoD s )l B! 41 90 (gl (B9 1S 00 25 >

Sgdgr pSl> g

M= VA Flo b Gl g0 plioly 95 08 ales agly Cond (ouki axdio Sy
Yol juds wm{;ﬁlﬁ_‘;)a‘,mﬁp.ag#
— o, ofFF (Y o, 0fFF ()

—ay 2YYY {'f oo Yy (Y

by e walj g ol @al) Gom 30 Do Gedle by lose Sl akalli g0 5o
‘el pizrdapbe gbsus o

B, =14° 0y =1¥°
Y alad o ¥ oalais o

iy ¥ ek S CF gy i S C7 59 5 50 a8 Y abai 1o By b2 aisl;
Pl 4z o i 20 5
—5,Y0° (¥ —Va,r0° ()

Vave® (f AL

Y

—F¥

-Fa





