NO.C-1481

B o7} '?ifﬂzlﬁiﬂw)ﬂ’fl “’i’%

\ %7%7&%]
%

; 2
R 2N
2 ey TRy e

2. ER T

| R RABBIF DY om ¢ e FE 4
. 2. Tﬁ@&?ﬁ?\mil.@u?”’i
. MMFAR T oo (B4R ] R

UL S T S

30 %22



~
~
~
Gw?
Y
91

, : B,
) B R E g o0 I B PR R E R BAT (L
o A 2 E TR (2 st dor (45
> U

% 5

T

5o B 20 GFE e iBESZSE s 10
2S£
ViR~ {9 % Py

PP Ty p o= (U= (%) ) o )

(BRIE < BNHEo ty3)

BERANP 2y -
/):/)g""‘gfg; - - (2)
L ra BEom srE Lo, % BT wES3v
/g‘ =;@UC~1~ , - )

A2 TP 5y T 77?2

T= &% -poha £
A = Ush )
B ire R P i I
t "TA:/}()?‘}:'T‘%DE)“/, (¥
tha L FEERL R 29 £ b ' 75 k'S,
R=T, 26=t, 5=, «)
“5@&3@{12{#’/59 = oty - (7 )
)25 fo =202 (1rtr) , - - ()

NO. C—148

KIBFE (60 s 1100 BIRKT IR EREIT 012N BTELSSD) Wip BB

Y TRy A v ELok IVETET,

’\\\t 24 A3 AH T3y (?_)/(9}/(/0)% A S A %Q l’(‘) 2 é’/ﬁf% e 7T %qzo

)27[)1)% g - C,DonUz 5‘54: _éoc) L.ﬁ:%(‘g 1011/3

AN (% 35<¢)



No. 2,

11 LTI 720 Bis st — 1 2fe U w0 5,35

DE 2()
(= ﬁ?dA { r}, ;) j oo (D)
(#9012 8> T YUe & 7 l@f>1%40% &
+o 2T/ o o
Z %(/—»-‘C) ’ e

ey Al waﬁ/) (f/“:‘% R S V—J-f‘f;f.-%o

s B3PI B F

Ef 2o¥y (¢ Ly T'=2 18

UCT e j‘j[;i U :'A':-. KWU B ~ -~ - Cty Y,
T ~
L%3DT Lot oV Mo £502 22 9 VEK 5 S LTk 13 “%‘”FT:LSO‘
MiERbY)

) £ fro f/)/z/k/&{ LE £4 26y 27 ~ &’3/>—gdf>2}’\-3
PV FID) 2 YT T T CRE T e ) 5 B FS,

' %Y ?’,D/é’— /ﬁlnu 39_’2}\/6—)
Gen—E0) ey, Lot
29 PE % LT3 LT3,

27yl 0 BRI 8 s

7 _ 2.U/Us = 2UUs =)
ZE
7y 2 T () 1 W — FLT 2.
T 6 N
_§ U(T = f:Z - U3 )

’ oA‘Z’Z - ﬁ“)
E o mEIRE 9 %2 % @/sziv% 70 ¢ 7 F%J“%
F

)‘})@74\« » g\'}s
T Ry A5 BRere B A £ Bonrfyy

?Lf { ‘ 2
w0 T = fcg—A@Ug( ) - s (/S)

(KR8 4 avinoe LE3o L 26 2 (Ve/U) = ?zgﬂ Py T
S IEEE LIS (17) 1248 Thy 7’“3} A %?@m
5Ty ESTE s




M 3

oo v FLD 27 RS0 bia #55s 55
£ 076 G = G Ae Vs

e A AP

7Y Ve
UG p
[/2) 12 4% A0 7 ¢
_ /M 2 Fe 5 oy,
Z - Pals 7 ( /”L A b y ’ ‘
Sk ephat Ag 3 L2, Cp g Tt o s v

’?;
& 0

~ 2h TF . o
Go) 7 TAE Y BTy v 0 X R pm I
AN -~ l

/a? ?ﬁ DR A,
? 7%? D L EE RS o FE w3 e T £ 5k
£ ?@{I 2ot ;/Z’g/’?” DL 5 e Ti’j; S Ko Sl
75
A h ) eTeT
T IA

- 12 4 . 32 7
S 7%2A% 59T %) % D@ D 7LF L)) Uy B
1 FY T RB gz v £,
< 7B

ﬁ“)i?}f M D ?12 - ’i 7 ik “M‘Q}u;( %ﬁe. P
2, ALKk R= pA0°
2 H paur © iy ()& ', A=d. YE N B F o
‘i A S PTAA /n ey BT A UK X () B,
%ﬁg © Py )I)QJ?W& g{”’u YOI D)E) ) 12 2D

NO.C-1481 Uooe - B 30 x22



%

—ZoZIRN B3 e hie o T R E LR35 o 45
75

T /¢ C . \ﬁfV

) ik e — 20 2 vy,

’i D o 2 Py 1 M’SBLJS@ deaje 20 g L K.

XCT— 222 (&% =0 255 |

YN ?é‘%g)z“ (7.2 O ‘/? /\/E.)}‘“";”Lxh,'i"f“u/(av ‘)’(_@_;74—%%(
%//?;)73‘, GE oo=0 U(I VD /\/@‘I@P&T (z T > ¢ ;?//(1;3
7;\“\77,%/77_,@/2"17\@1 o~ IF )%ﬁ@_ L LT /ﬁjéil’{&w
ITE 0 42 =0 SJLFHER 3,

2. f»%*y@?

bA S % Flr Mendon T IE oz
B0AT e % IDTSE 0 Dy 0 iR G LB s
Yo PR L ﬁ% 2 EELT R Z2r B VE) 2 b
2 BB 0TS T T 0 k2 ) FYE o 5,

=</ T\Og/z/f”/tixi%&;)/@)ﬂ%

JOT2ePIl
= @ A > %7 é T3 .
'7'0[2/ = — _L [ M(’D’/)dx/ / o (/)
P TTE ) e

W22 v

w/%):—,z#%/' ) - - (2D
s /f[x) =RTI0) (rie¥R) REBTDIE <5y,
[/51 /7 %\ €/ .2
W:M)iz(%“{)izuc (5 )

b

U= ' v U
12 73« ?X’%‘HQ&EL (

NO.C-1481 oo - 30 x22




s S

frmo) = e =& froceat (o

@477;ﬁ;/>‘»/e/v”&?v\&s;5fiz"%zo . .
50 s B E T ey DL TR PIF TR e S
Y 2:*?--*;4?“'“5’65/L
¢ = A s
0lx<L 2)8D iy =] 0CF3T
- L0 , 4= Lo, - S,
[x~£]> £ = sx pdE Fo it <oz |

e AU IS

2% £C175) g ’0/%’““5:%/?17? ..... L (7))
Z”.“;C[/ f) /0/1<O}Qc<‘g—_., R o ~
S DA% FOIFE o e 2RO Thoed if (<
;ﬁ = (/;Da a Cf& ) - - (f /)
t}}‘[lyzﬁww,
S B ’"Z?: }’gz.»mm%mﬁa ) wlou), - (F)
\/fy-—/ /'3'3'2’ 5 W €>z5”
SR TR Sl B AR B
%(x)z/(gg_;;ﬂ/m/i(/“)/ E>a>o - ()
Y b n3eT s o
/fﬂ = f'gz/:r/)f)f/ /sw,,P(/u?@b(g) - (7o)
- /ﬂ/ﬁ+;2 =
; / o
N //>fu~\[%¢k>¢/‘*(_'“ ;%T
I% § —= | v ; /
& 5D \a/;;i— T N L . o)
T ‘@[/@Z ME2 9 JIR
2 V) - - - - Cl2 )

)Zo(:r')_l: DN /
tE3. g H e o Bye, Y3 R E T Y 1eE 3 o T

NO. G148 1 yoae - (54 D“C’L) 30 %22




M. L

< 7 (5) 07 EIRE A Wi L L4y d L M%D 250
ESe b TTE 44K ATLdn e L5,

¥ T ﬁéﬁ\ﬁ'%’b
= % il 2
Koy, x') = _'%,,2; V/é;)/fs/‘)/&) o
cud 3 e & Awbmza )X e 2T FLD LT
%[%):ﬁ/aljf&’f}) K(,\;}/‘X’)o’x/ S (7 )
123,
Fo T (9> 9 B [F g
P = y—0~)& %5/’"’/ o <> <A _ (/)
o &pc = 77—“ - Lﬁt

i L v 14 Z g3 Z4 v,
Sh 4yl A T

4
)= ’*/[rng'r fx/){kcfx,/ 7"/; /%C /< "JD(//) o C/é)
2 L o (/)42
et faloy)=- /{?éfvf“a )
T e (T P 25N Fhy (T a T o0 b E)HK v R So
Sac rie 2= (YrE ) B ;ZO“/?(/*’,)
TRy 5

é
(a2 K= Ly b o Loliy
jo,[rnx)f(’é Q.05 7 2y(50) Ve

g EEAH FV= 00 el TE B 71 E S L3 0Th
Soue (D)4 FB B »w Lz ?52 ‘“é/?i %‘z@?_

4
/ . e (X% 74 /(42'—/
’:’/%kd/x = ";/“:M (X)M rwm—(xﬁ){)k}
vae =X Hp)  xr2 L)~ 7) oy g

(P& Iy 2 N o) (O™ 4 ) (8D
W‘*’T)"I 4 hé 2 MLTDF G Pl (

TN

NO.C-1481 o - His 30 x22



M;.;7

4
o [Ckax o L 5T e Q)R
> [ Virx)=p~ 2 93 L) e
L5 ) 0=z 4 oo 6
” } % + ?L“I/X gZ )24t/ Px,(/() é',bl) 'M()C/)O/(//)@(//
» 2’ Py Qk(ﬁ) - (/y)
Y rg, .
b5 1 m= C 20200 Ch b5
Y=
. A
~ole = L T 4@5» / MDG’()%@ X,
o, == e 3 /%/xwa)@« &>
S D, F @) T - .
\\,
— o/ = (ZHH) N/ 2
Vo = ) 7@0» /ﬂ/mﬁ(x)éj,v[g)d)(,y for Y,
LR (x=0) 2708 (o) = M.(o) v HELhig A LT
& g -
Wlol(o) = yd Z(")KC\/;_ R (2/)
v« fa b €3,
2 P i/’) (% z=A4 27 1) '3 B (=17,
/’M(x)féx 4"4/ Pf&*/’“ L = — wozx)@(
:“sz @)
d&7z - 4/ i ) i .a/
e (227)

(910),,(2/)/ (22) w £>¢ T%ﬁ/p?ﬁ {/;t'j_;fy/{/&()"@/%?f\%;
PESS R A e B oY ot FRTUKET s A,
ched FAR o VR 2 L=xlep o 1o v Ao 23

2 =723 UHIL, R FrhEon G2 7 Tl ik e ¥ L

{%mmm@ A0 (565 1m FTLNT v 5305

30 x22



N T

. 3 s,
L “‘EEZ/“/ AN X < _ .7//»%()«)2?//4#%)}%

n—ifz[o{ 7‘9!/ - = s (23D

/

@JB/LZS"?%;{ — 29 0/2?9‘53775 ShtE ba 1/7@//?7/*-7“‘,?74_'\)50

220 I
Ta 5 11
/\;z&r/(p_/c) Falidz =2 e pod smecddX ()

VITR ARSI p o g pefel TEiz

=
/% = o2n’/0(j [ 6 \_;ﬂ/)[) WoCX)dX (2)
[ S
R PR T T o
km?wwﬁqa‘s ( G " B 103 phEoon ) 25
a,.
R o= 2rpu™ ) [ 5 - , Precwdx, . (20
CUT g
wh x L ema= A s
<L 040 - (v )
AN N e by

b arh e ) Ak
/ag[%) - - /2 G (D (ALS) /j .
}ix (x) = 932_}6% (5" @LS)

T=/= pfféh
T AN 5

NO.C-1481 Voo - EE 30 x22




S G ar [/
“=zuF =TT /of/p @, oW
= M= ;F izf)wo/,,//égi;)wam)dxj - 7/5)

AT
T oFh o FEA T - eafimin e AR
)//@&,mfﬁj v 2w T 7’5 {/47‘;?1}”/; 57&: o,

23 13 %
{4F B F2y n3 REF JE a8 25 @'WM
g ot < 755 9 o DT @2?77"&‘%359 /
¥ R Esmrb AN Fr EIFELT.
R e Alt)= (1~
ek —Aak el =l E

(s
1S or . )= — (LR R p j =
24%
Ko = Fre2a?® 7

¢ = L) QO - - - D

2

I G e N A I M
ds T
) :g@/(j)ﬁ,?,(/[y% “‘/),‘Cmm}. (3 )
v%yn'h = P2 TR g T g H BT
oty Y AL 2D BT e Tt
Bl HoEh s aw v oy Yot W 7Y = i1 Bk
V3 T TH) . cokF

C=2B s wlhy D, (8

CE) 594 Peva dfz shzuiab ko e Loyp
1% % 5235 Nviiz.

1

}ﬁkﬂg&u; §2\2 (z) &Y

NO.C—-1481
30 %22



M SO

R=0° - - - (£~ )
€z 3,
dhlR FL o 0 EY Fh k3o 5RER i/L/ﬁa“;/?g/
20 5T G 0w 252 0rm LRTh 1t BER gy L B S
FB1976 o 2% 4 & (L @i #5705 K o€ 27
Lowetle ArFr g =z Iy 53, [57{%&//&«%{/@\)

>rle f a0 vt A e T
%~

A MG)= ~((7“2,4)0(/?//)//‘) @[/t)% /
%D A =
S al ats Aoy = Ar (97 / ‘

Ag = hE= 7T (Lrd"

T Hben3 @I a9 35 EDIF BB S5.
£ 3% 9 7‘\5/?92’/@*

S /74(7)/ g =4E > (D

TR L .
Ly £3 (772 R

po= Emos (QBE G- Qo Bt
e e SiAl ) =7, 2 é:;&)z r Bz d <,

2T £ S>> 9 B © sz
o
B = fox Flx o= = T )

t?;m@(al%

o = L0 1QGT) Ryt~ DBy}
Lo = =2f QUL — (FME 2D @isly

/}m[zk—*—/(/? ffﬁ"j”/;{/“@/z: SHE M /wi“)
ek, gl

(40 )

NO.C—1481 Vop - 30 %22




Moo /[

LaoriE”, 250 2 EIFLRIBHE LT 3.
-7 Cg)/?fal./“*”—ai“‘)‘é, :

D = 2dl) § Qsor— @ulse) (£/- 2)f
- fQe)- e bt 2]
i -
= 2oy [ {Q)+ S22 0o YR — (T R (1)

r BB Fi 0L X v e T,

o/ Q[)/a . >
fr = JC?}ZK% (Zwt) ) L)

ZI‘(’HI\‘(?)Ii [\(\g)}f—z_bl\/ ~<’)ﬁ?
)= s [@/@)4— Callr) ) - GL ) @&) ac]

(Lr2a)*
- \57_;7 24 ((5) Zi%,;):.?/ A/j,,;ég,mz
-- (/F)
LG,
;::fﬁ{rg‘ﬁ{/)ﬁ? I b A (5) 282 5h30 Loz (e diad
e - 2F  © murEd o p
_ Q/, , 26§ Quet)— BGNT) o xes
ﬁ(/z) = /( fz@) Q( *) (/Q‘)
p
) =2 (82) B0 1) - Q)]
SV !
<53, v Qis)m F A 1 @i #OTE -

T4 (L @7,/[5)"(4)3/25>: —Z‘é\(/P—Bf?é);S:Z/:/ - ';L/J—\,g y

VEL D S22 ) KA TeeE" fFL 60 BT S 4 R,
2o th Tt pAL WH T Ere FEB T BEs 3.
WA

P)w

NO.C-1481 oot - R 30 %22



No. SR

- ;[ > © ‘FQ/B@Q

557 DRI oo o =0 2 TRifo D30% TR L3
rE LR RE LY £y RO 2t ela pAw SER
L = 5.2

2R 2T & T s e

I (x) :Cf)_g l —L/éfa‘ézb fa@«)T

(A
NEAVES Qli‘%’?fiz'ﬁpz/ﬁt CIL¢>14’;\‘L%‘?\
R’—"—’;L/)C%Uz > - s (2)
L hr g,
2 O\é")f\w% e 125 0 W) i
Cocrd = G0 (1re) L (3)

Sl Cp(o) (£ o~ =0 @D%@MI 3L v 2 .
72 )%ff: P 2 ﬁ'a ¥ 523 87 wur BREZ B
?F”’n Bl 51D 18 <8 s

NO.C—1 481 Yoo - i
30 %22




VA4S

TRV e LA 2R AT

LB osy o $2 20 s Bro E 2 SN SR
sy WA Ry )R B Ey. WG ITY v
LT BRI 2af50-F2 Ty T (4 ) 3bwibhbiesas.,

—

I/ \EA Tz A B 5 3,18

.9 .
0 D / A 15 9 £3 (s /9/’3/‘2@&‘? (21, 6)
— @z a rEM LT B LATH &
/-

quz@w%r %d‘i@/—%fzg
J)a“’)x%,z{ SLOF 2P /i/WM%L@;ﬁWt
5

@L%i?ﬁﬁo %t deat et v 2k o Foie T thE L L3
P =%er)* O sty R U

~
~

NI EI P‘CX&) /Q;(X;L/&)

x PeD v mf{a)e D @) F L a?ﬂH—oa;>rm
BT Fhgy py— 0B EP ey

B w48 ‘M V(R4 ﬂf Mtaw

! dal
:‘) E?’JADCI: ax/R %d“? @;:g ) (=)
t B3 s 5

/SCPxQ):?’?/"rJJ( %?@f(%&)>€/%{d&; RERN

2P )= ¥ () ds(x) T
ds = ax=+ dygr 5 |
Lh < e P(p) = jﬂxlﬁ ) s, - - )

g+l
LG 3. oz omiE PAIP YR g —taL—232 ¥ L £} ﬁﬁ/@u@
2 et S(Pw) ik A E a3 PR 50 PE st Ty
LB A TRIT SR oDy B Wb TG er atir Sxan” T3,

NO.C-1481 oo -

30 x22



N S F

4 5%‘[l¢ﬂ>~"¢ﬂrj&C,= o 8

53915 ).
22 TR B Y s2he g & [ £5.
a2 P LY
7, 20 T By §
- - - - )
2 ?ji‘ -/ '
v 2y %%‘;ﬁ
F3 o P=x 7;?7"%[/?1&&077‘/&\
= 3:&2 / o t7 )
AT 2 .
\z I'f‘C/b 2
-~ - (7
T -
LA ¢ :%}?r %‘)"T[?Z»\’D Lot 3 EY) @
2 P - g -
z)z\? ) 53/§ b B ad o Q/o)
Yoo Y=o
LA LR T
(F)K 1 e YT ) o
V)= vE) [(px)dx) - - (V)
B ‘
Aﬁd@— (/2)

mx’)z“ét]‘&%/g 47* 25»)

vy, (31 2 %@3))
e ST g,ag\g Fia 2o T —BE ey 0 LGSR TUE

- Hs s 2 FTh 2 e PLRE R Tl X528 AE
RINC o 25 s e a éw%p:e mu St <4
" DL</@ UHKRI EY L aperce-punte BT L Bh ) B<
Lo D UHBIYL A e §ihig ?’Téﬁo /Q’%zg;a.

cn b % d

NO. C~1481 Yoo - B
) 30 ~22



e

?/(P):A [ &) (/3
re 1T ~

R*= (z~x’)"+;l )
JR A Soe [Ty iig

(X)) = e A0 (/¢
g J,
St 2T iy T3 Tk BB 12
¢(p>=~;’—/mzx9;%‘”-/}e/xc NS
B+c

Fo I his (s (e B L st g ]

SRS & S AR |
oo s L RSO O s Hanio 0 J2E2 (v 2y E 5/05Y)

(- 'F 25, iz ze EHE 9 OCW I£
)%

fotsx = d ) 4T Soe - 7
B — Z L ﬁgf v+ M)_P , .
p= Ii;Ql(z—z’*):ﬁu"{*%w%CV@% -r )
ZL: CH‘%)J“&- (f)),l . \Y4 5(%/%> “ %
FQ’:—/;sz“ , o (3
tm3, . . ‘
e PRS- £V e
PUT g
2ran )’LB\@%?\’[Fﬁ'Z"E;, .
/5‘50‘" FRS5he v Vi 7~»§z~g;;y5
&L [cd r
TR /jf?é&%/*%g)ds , - (&)
T i
% SL A %;C—'b-r%;é:o/ o dy

CED T H Y.

NG.C-1481

oy - 2 ’ / * / 30 x22
¥ ¢ Qe Row v Beehl ¥ Y =t BRI 04RG0 Hieg Y
Ciz FHBro FE S, kB B,



s /¢

(2% Tid L oAt S Bbhd & SV AUy

223 ¢
:ﬁ(@,p)yydg / - - ()
£ = f ) Comat (&
eg 2T R B o0 @2 075 4 43
Por@rel o 710511 gyn b
L = f02(7~0\\/) .. (7 )
= [yeds = [legrde e

(S A fU T @ Bo0a% 55 o Y2 %B) £ 2o — [ S

T35

)C))";fj g/)) =-As . ¢ 74L cr/
’ )
%}——96/\’)/7_767)/’“}(— ' d/f—zrg—d; 3
“ﬁ,} ~ 2 R /
e T oo @yysds =ar[¢2 fﬁ)db-ﬂﬁﬁdﬁ, (180
2T L ‘
o | P8 s - TV (S
R £ T
re 7) %« (D) DoT B AT
\;‘é,__ _ 2 / ) - - - \7’,.
ST ﬁjj Z(Zk_))»o\j&w s (79
- Sy = 82(9:)@} ~—~€ZC 257; - - - (=)
CH e SV ds = — 2n8/p) fodx - g3z

X325 L K e

£L = — iz‘-1- o~ | Z(xD;l[z)a.‘x - -y
E s
TP U j& [ j (4)

NO. C~1481 30 x22




M ST

S S poodz=0 L 2
A A SN NNV AP -
L _
S =0T = - e [(I oo, e

NSl @taﬁoﬂ&w o Minisaen. added aiacs /Ma%/@a

1'% 3 -

Lo BAERID v R HM ke ZSaV A IO SN IR -

T 80 H 3T TR 5y lm RAT IR JEETH I ¥ B IE LS,
7% Lﬂﬁi‘it 20 WNGh o 7)) B = i3 LPRL 833 63 5.
LU AT WY TR CoFs IIRE LT s RS,

20 NGt Z o BT — 29 A3 P30 (re) ”??’a/?/)fi'“&

Y OIT% REC 1o B .
b STCI ﬁa) ) S Uy )

175 =29 3/ (S)r &7 %ﬁmié 23 K08, wE )

T—*— j¢fas~i' LB’#)} ) U}/)

B+C
é“o%{ ~TIENE ) ¥ E D3 FE s 3,
0 FTs 3 il o Fo R RIT BB (Bagas A 550
o1 — N WFie) 57 TEH S e R TR oamx) LT
dfyj\ ,f\m Afj_’zji ®7L%§_7“\‘R@,IL1[A5<’>4’53/{Y > B 3,
Mz (3" Mﬁ )m’ﬁ rtB A A m o LT P ) 1T A 2%
m»[x)—*z;}r‘//(l) \ ,
AR IR o (r) = o mMecx) , A HFHE /7))
ChER, Mo 53 B rTraxie DA A @nES e R

P, v Th¢
[?5‘}454-*\ CPaé—QﬁO‘S - (20 )

> 7

Ty

NO. C—14 81 Yo - 30 x22



s

T j‘ﬁ?‘?:“ f‘“/ﬂ'%o{sro

35 X = f?so?gsdﬁ L (
\f AR ATE ’ N 200
Y WA [k stz 53,
wolhELTE cedde it PE B ff [ =frxs| ¥ Cro
%Tﬁrt’c o,

i)
N

iz C oz )E‘W’ZQ?—/’%‘EI%EWMB’C /ﬁ)d‘“/ﬁ(\ﬁav £ e
}Zﬁi’e ANIET B g T %30 AR ?‘7 s S BT
3(@,(’(\’5%1?@57)90\«@? P %fz (F>7T ©1 72\,

T PN 0RIF 23y RIRD R R 1T (49288
TR e 7E K% 3.

7Ty /7&);(»/%;4 =0 §

2F L2
/¢ (Zl-—/)jzx)}(z)dz=o ) Gz )
20 ey b B B e 53 2o rese WHE v Bew
12(F ry BT FT o s a5
7y =0 =7"=0 , R erur. -. 3
(e Pl gl fre F5% 23537 )
Ll BIAS DS 5 Lo 20Fss —22530,
7%2%2/[2) it g vy, diE ;‘Fz,};?% 25 3.
Rt S Kin (S o%T9e PR v @D EIBHETS ) o Pt

/ L=1)- 5‘}7/19}02942 =0 (R4

7 H9—>
7@3?73&%;&;&:{%@% %z M’?/wz?u)ﬂ_
Ay 2 2B v gy,

A3Tdy Tz
a0 R

30 x22



A

P 1 %:--Z?z‘ /

v Y3 BRI Sk (20 IXAS YL DA iz (22)% & ny

21" Bz
/ 1200 ) 4

ro (285D

RN N O Y
~ L e - A = - \ v
LES i YED g0 1k BRI R AT 50 B 3,

Yol o Yy Al xR 23 2 l7d R B &/ %

BUE T FR B3, 0BT P GepkS e OF
(2§) o £510 LIRS ADh T £ ru7 £/ T3 RS v 3o
%0\1T41%£tf 57%733 o3y (2O oo
2D 9 ;’7; (v £3 Dk @ MBS AL R 7 s /62,& Lo @28

%) 13 %LF[;’) ﬁ_/é)f, Z-;{)‘cwl?}ii”%lo
Pz 2o Wl Y I g 13 - Jg c”?ﬂf"; L TAR [
AU FE (e v FLE L o fl i CcoTHT — % 9 4 a e
R T2 517 BT AR 3515 Oy,
Yl A §T!;f’:ei<75 5,,_,; 2o d VG 2t ~ 2 92Dryuh g,

\/“5 4 — Yoo+ €7 0x)
L AT T by o, P e Ffe 133 B3 2T ART
255 4 Lézz' (9
oy ()= Mo )T EMy(2) r EM(X) - - (20
ﬂ/f(x):% + 0 e F )
X=X'_ N dx’ (2D
_~—/ f( —))dx f LT

B
TR Y ¢ L;rfj,,

: , . = £y .
Ve s R 2 ik ~dlpeepts - Eenh - 27T oy

1= 78T Ry o0, (@)
‘”’“777[, ‘R“'W/,«

30 x22



M X O

A (I B o ot3rdon CE30 v v PR AL x & 5AT,

L7 Fe ko3 #Fg E/Tﬁﬁffiﬁ LR ok B DS

DB sy, Tw RmE vty Alzae (52D

20 % - s K FLL (0 T 23T his
T= /fzr)n[x) /4(2)/)( ax T G??)
B+ C

3L N kLo T4 Y30 MR EY Ty 3.
(260 % KA L1 %Yﬁﬁ&.

T:T,/ﬂ“iT + €7 *(Vo+f*v/+i\/)2
Tb/ Z_ZW‘)MD[XB X dx (30 )
T/:—ln/om(x) X ax
‘r?—/ = =27 ;MLCX)XW )

Vo = T J[lazdﬁ(_

(1)
:11’({"&,20(/)(
VL = Trj}z:—dx i
- % o~V o= eV eV v EVL ()
/5<53’L.9L‘~‘o AL
b= L 33)
- %iTL/— (I*O*JVA}
z“@%%wo.

S0 fh i far éza:fw,ﬁwu t9- /8 ] 92 h e Frm it
~% ﬂ“é TR FE e 2o Mk 3 A5 by

5 & me&b‘”ca)J:z“ W%,L LComet X352 V3 4% g £9
X176 Mz B purt P DG

it

9 Thie » 113 55

NO.C~-1481

Yo -

30 x22



M,.é!//

fr#el i3 Py (v fsae A e FBA 5 2R P
PR eFE 3 vB3 e

/‘%gil?, ?ﬁjzi&’ ?T}g o ﬁi;%zug)—? 7’774%—7‘5 = f2 P
Blav 4K Y

ot om [ e - GO

- {5t ?r‘}r Tt & vis i 3112 722100 xkE 23,

(c\\‘/

4 %L (=7

Y

)
2, ho ~ *
FERINAIP'S @f\-

|)E e, RREBIR ok di2re MERIL vere /76
B)RT Knapp d b " Coritadiom ” Mebrwar Ml , /970

— N\
s

3D H. Lok ”/4% drodgnamics

70D Gilbong Ut s Codily Homdbuck on Pyl B
Sprumgen. , [/ T60

)P Tl ) DT MB. Rpod P34, /743

)M D, van D , VIS TR, R-477

7) B0 Tu , JF M

/9L3 L

P) M, Bessho 9, DA b so, 1970

NO.C-1481

30 x22



Py

¢ 21z
R A N T - ST AT I
) FERo 2 IEE HEE ED T o T S e (§8])
V) FEIDIF o 455 % Lo 5 T TR Ik £ »-
Jexo s (P2 HER3 )
l'if) L2 IEPI% L £ THe A Lot T i

TOIS SENTIRTE SUN S5 ATNEIVEIC NN b 1o
tz 2% T Jj_}l /\‘/@ %6}53_]?{3 v iﬁ-/ﬁ/\/\ﬁféti
GRS P IEICN B 4 N

WL

30 %22




Mo, 22

F{:F L)L\// (@‘?Z\ ’FE)IZ')f? "7/@ /)Q/%(fjkq_niﬁ_b\

T w0 2= Ll u ? N
U-1 dgm < ¢ == (mpe

o= (SN0, - - o (2
§ o= Q) p,, T (3 )
Q//(go) ‘ g v )
P = x+ P = Cﬁ(ﬁ[/?(&)—%%jjr— A R//*)f
: ()
A ‘
X U-) RU(S)
~ - B iﬁ)z = o042 e =mD
Fo Q=) 7 A (¢
r IQ//* 3 f ’ J

/A
z*m’f{l A M [ s pap

R(w = F,4¢ [(: %) (1— /*1)+/°3\1f I t7)

o RM) y
5600 = Bagiom v
trve (Ap(io s rEcars #0b L) 4y o
C}) [ . ): — {bl#/ YDL‘ ) )
e = L= ")
DR S h, Xz {,"~ 2l >0 xme ablz M5 | vy
CD(/W 7= l*‘/* 74(20 ) - - ( lo )

NG.C~1481 Yoo - W 30 x22




M RS

?ﬂ@i < 7[’32 '@%ﬂ)%‘af@n—’)wi )
2 el
, ) ldo - _ 2 ) | Yy
S0y xy) = jjf &y ‘“EYMR e, 0D
R = (x—xF+ $T= 47— 299 em e
¥
—T xou ) = 2 jwo(g (2
4T T 00y, X0 q) 92%0 R )
= \_J ‘bo\f(l/*x/) . L L1 )_39/606
R jé& G @At Sv=§na - |
krk),x/
T"£16‘5 . ) ﬁ1>z/)
\3( // ._Pt“(x —x/ f
f J,‘?LJ%?@@ B ;Zﬁ‘&’) 0T W}p{f;)y - Ldu”?éé
&> 7 ‘6—/ 00‘2-_[1'\)’/) 3
S = z—f SIPACINGO S ()
5 ~ k- X)
e "Lj/& i) I ) "
210
oM T Jitp I fxy') = 5 /UJW)%W s
: _;t[x~>(’) 007(90&5“ a
T=- ;r?f/s cooly G’JC j;&/j\;‘)df Tam / ’ <£/)A
T3,
G e O e DN N R GRS S P
LA <y R*=17" AJDLB" 1—)/2’219" )
g = e
%\Cﬁgﬁ\“j- CMZijllfff/\(_“L 25 2 .
R*= K"()- 2&) , -
LR, (5o fjﬁé XL AR A = 7

NO. C~1481

30x22




A 0?5/4

T LEw)- Dw),

ey )
50 L R e L L
/ 7/ = A/l = A BT Lavden %&% EX = ical
Y it/
Ve [ — R
T o= a5 [Ll(/\)** ]<(/\)j / 7

A—>o (;”Lsn)@/a)ge/:ﬂ
/<[A)\—>§<l*¢*“) (5
E)—=> = (U-g") T
)0 Bh m . s )
s — A -
A=) (fi=o) 0Bk A%j-xt= ah s yp (=4 )
v <
IQ(/\)&—}’ L@Lﬁ)f O(fgf) Zf 28
(») —= 1 + 05l T)
ClEs M%Wa 452 5 v i3 0 Hfhopk 1+ 1Lh $EZLR S
h’?‘“t}”\)’?\"‘o

P [ 8 g jRF Y Fof e G Fo e 397
A9 j’ﬁf%\?ﬁ (e > 7 (2 §3‘\(>7) (= &)
| —_— LD 7
SR T, H c-gsT. U
TADIRTBI NS FEPTh S ¢ B k3 97T 25 ) 2k B
ot \: PRIV TS R ey BAbTES T 00
'z ,{}«%%3

NO.C-1481 Voo - HEE 30 %22



Il — PRESSURE DRAG

16 ] + 3 fl
. G
1 o — -
/’ \ -
1e- ~ .
MSK ~———
o | T
3 v d .
|
6 __l R, svTUaan 1F aun ot
A —_— -
3
i W—
[ 02 (23 0.6 0.8 10

Fig. 31. Drag coefficient of sheet-metal “caps” (40,a) as a
function of their height ratio.

Caps and Cups. As large as the drag coefficients of
plates may be, there are other shapes exhibiting still
higher values. Figure 31 shows the drag coefficient
of " ~n cup- or cap-like bodies (similar to para-
chuw. canopies) . The maximum drag coefficient (on
projected area) is obtained for h/d in the order of
0.5, a shape which is =~ hemispherical. Upon fur-
ther increasing the height ratio, the rear side more
and more changes into a wake “fairing”. The drag
cocflicient is, therefore, expected to approach the
theoretical minimum which corresponds to full stag-
nation pressure across the opening.

Figure 32 (near). Drag coefficients of various 3-
dimensional bodies (40) at R’'numbers between
10% and 10%. Note: {s) tested on wind-tunnel floor.

¥ el
1(87) Information on rearside pressure of plates:
a) On disks and small-aspect-ratio plates see: NACA (36,
a); & Ergebnisse 1V; reference (40,f).
b) Ou plates between walls see: (12), (85,a) and (40,5).
(40) Experimental results on three-dimensional bodies:
a) Doetsch, Parachute Models, Lufo 1938 p-577.
b} NACA, Cup Anemometer, Tech Rpt 513 (1935).
¢) AVA, Hemispherical Bodies, Ergebnisse IV (1982).
d) Eiffel, Recherches a Tour Eiffel," Paris 1907.
&) Hemispherical Cupat Ry =2 105, ARCRM 712 (1819).
[} Irminger and Nokkentved, Elementary Bodies and
Buildings, Kopenhagen 1930 and 1936; Transi'n by Jarvis:
T(41) Sections (tested between plates or walls):

1) Lindsey, Simple Shapes, NACA T. Rpt 619 (1940) .

’) Junkers Wind-Tunnel, Report Stréte V.9609 (1940).
3 Interference Between Struts, NACA T. Rpt 468 (1938).
1) Delany-Sorensen, Various Shapes, NACA T.Note $038.
2} AVA Géttingen, Ergebnisse 11 (1923) and III (1926).
) Junkers Wind-Tunnel Result on Angle Profile.

i) Reported by Barth, Zt.Flugwissen 1954 p.309,

[(42) Freestreamline (cavitation) theory:

) Kirchhoff, Free Jet Theory, Crelle 1869 (see Lamb).

7 Bobyleff, Russian Phys.-Chem. Society 1881 (see Lamb).
) Riabouchinsky—PIesset-Schafer, Journal Appl.Physics 1948
+934, and Review Modern Physics 1948 p.228.

) Reichardt, Laws of Cavities, German ZWB UM 6628,
(43) Neef, Dive Brakes, Fieseler Tunnel Rpt 22 (1941).

7. DRAG OF WEDGES AND CONES

Figures 32 and 383 present shape and drag coeficient
of a number of three- and two-dimensional bodies,
All of these shapes have a more or less separated flow
pattern; most of them have negative pressure on
their rear side; and their drag coefficients are com-
paratively high.

Angle of Flow. To establish some order in the drag
coefficients of various shapes, the geometrical angle
is very useful, at which the flow is guided by the
body’s surface upon separating from its rear side.
The flat plate, for example, has such an angle "¢
= 90°. A “fold” with a vertex angle of two times
45°, has a separation angle of 90° plus or minus
45°, depending upon the direction of the oncoming
flow. Figure 84 demonstrates how the drag coeffi-
cient increases as a function of the shape angle. Two
branches are found, of course: one for two-dimen-
sional bodies (between walls) and another one for
three-dimensional conditions. At "e* = 0, parallel-
sided round-nosed shapes have been used in the
graph; a hallow, scoop-like body is plotted at 180°.

Figure 33 (right). Drag coefficients (41) of -
dimensional shapes (between walls) at R between
10% and 10°. Note: (+) in subcritical flow.
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FIGURE 12. Comparison of &; and Cpmin for 4412 section, tested
in water- and wind tunnel, respectively.

because of air-bubble content, before the onset of
cavitation becomes visible. Whatever the explanation
may be, there is a delay in the onsct of cavitation (as
plotted in figure 13) in the order of
2

prin

Ay = 0.08C (8)
—

Similar (and even larger) differentials are found when
comparing the cavitation tests in (14,c) with the pres-
sure distribution for the 64-006 scction used, as re-
ported in (15,b). Tt can be argued, however, that in
the latter investigation the Reynolds number is almost
10 times that in the towing tank. In conclusion, crit-
ical cavitation numbers are not always == equal to
the Cpmin values; they may be higher (in separated
flow patterns) or somewhat lower (in small body sizes
Or narrow minimum-pressure pcaks).

(11) Characteristics of three-dimensional head shapes:
a) Rouse & McNown, Cavitation and Pressure
Distribution, Towa State Univ. Engg Bull.32 (1948) .
b) Knapp, Ogives and Spherogives, CALTECH
Hydrodynamics Laboratory Rpt 1945,

(12) Pressure distribution of symmetrical sections:

a) Forces and Pressures on Airfoil Sections, Ger-

man Doct ZWB (DVL) FB 1621 (1943).

b) 15% Foil Section, Ybk. . Lufo 1941 p.1,101.

) Series of Joukovsky Sections, ARC RM 1241.

d) Schubauer, Elliptic Cylinder, NACA TR 652 (1939).

(13) Cavitating struc sections, see in Chapter X X.
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FIGURE 13. Statistical analysis of the ‘'delay’ of cavitation in
peaked pressure distributions (14).

3. Drag Coefficients In Cavitating Flow

Sharp-Edged Bodies. In fully cavitating condition,
the drag of an obstacle evidently corresponds to an
average positive pressure component on its face and
to the uniform negative pressurc within the .cavity
(at the rear side). For & == 0 (that is, for cavity
pressure equal to ambient pressure, distribution and
value of the face pressure have been calculated for
wedges (17,a) and they have experimentally been
determined for cones (17,b), as a function of the
half apex angle “€". These functions are plotted
in figure 14. Since the flow pattern is essentially de-
termined by the shape of the face in these bodies, the
drag is (within reason) independent of the form of
the afterbody. Upon increasing & from zero to finite
valucs, the flow pattern past the forebody changes as
explained in (17,b). The drag coefficient of the type

Figure 14. Drag coefficients of wedges
and cones at zero caviration number, ac-
cording to theory and as evaluated from

| . Prazs "’°“”"1 experiments (17).
- 1 - | 1
C . T W T /,Z i
0.0 -
J ~——— SCOOP
—— ——
0.6 —d cup®
TYEDGES :
two-dimensional theory -- (17,8)
—ne— linearized Cp, = dgh -- (17,4)
04 v  Britieh Armament RD Batab (17,1)
o A CALTECE - water tunnel -— {17,h)
¥ St.Anthony - Minneapolis (17,2)
CORES:
0.2 —+— British theory - see Chapter X X
@ Reichardt - GBtiingen -- (17,%)
' O  Iowa {evaluated from) —- (11,a)
HALF VERTEX ANGLE £° X CALTECH - reported in - (17,0)
0 ¢ { 4  CALTECH, water tunnel -~ {17,0)
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N 1000__ Figure 26. Drag coeflicient of circular and square_plates
£ 8\ (in normal {low) as a function of Reynolds number.
i~ N
) }.\ 4+ glycerine drop tests {15,b)
IOO \°~ N ® oirfoil, aspect ratic 6 (33)
\ *4. a1 Simmons ond Dewey, ref, {35b)
CD T N x Flachsborth, in tunnel {16,b)
e \. *‘c A Hoerner, wind tunrel {DVL)
i NTey o Eiffel, coast’g in air  (34,a)
0 '."\ & NACA, in wind tunnel  (34.b)
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the disk is sometimes employed in the calibration
of air streams. Drag coefficients reported from nu-
merous wind tunnels do not really show one and
the same drag cocflicient, however. One explanation
for the discrepancies is the blocking effect in closed-
type tunnel installations. Figure 27 shows another
influence affecting the magnitude of the drag. The
cocflicient slowly increases with the degree of tur-
bulence in the wind stream (36,b). The total in-
crease as tested is in the order of 5%,

(31) Schmitt, Wind-Tunnel Investigation of Air Loads on

Human Beings, TI\;IB Rpt 892 (1954).

f1(32) Other investigations of the human body: .

4) Tani and Mituisi, Aerodynamics of Ski Jumping, Japa-
se “Kagaku” Vol 21 (1951) p.117.

“...) Straumann, Aerodynamic Tests on Ski Jumpers, Hel-
vetica Physica Acta Vol 14 (1941) p.311. :

¢) Terminal velocities of parachutists near sea level, quoted

in Journal Aeron’l Sciences 1942 P-293.

d) “How Fast a Man Falls”, Aeroplane 57 (1939) p.445.

¢) Webster, Free Falls and Parachute Descents in the Stand-

ard Atmosphere, NAGCA Tech Note 1315 (1947) .

f(33) Tom and Swart, Airfoil at Extremely Low Speeds,

Proceedings Royal Society A, Volume 141 p.761 (1934).

T(34) Resistance of Plates and Disks:

2) “Recherches Expérimentales Tour Eiffel”, Paris 1907.

b) Drag of Disks, NACA T.Notes 252 and 253.

¢) AVA Gottingen, Ergebnisse Volume IV (1932).

d) Ring Plates, AVA Gottingen, Ergebnisse Volume II.

¢) Wick, Inclined Plate, NACA T.Note 3221 (1954) .

f) Smith and Whipple (MIT), Bodies Moving Through
Still Air, Journal Aeron'l Sci. 1936 p-2l.

1(35) Flow pattern past plates and disks:

a) Fage and Johansen, Behind Plates, ARC RM 1104
(1927) ; and Proc. Royal Society London Vol 116 (1927).
b) Simmons and Dewey, Disks, ARC RM 1334 (1931) .
1(36) Influence of turbulence on drag of plates:

a) Schubauer and Dryden, NACA Tech Rpt 546 (1935).
b) This effect has been discussed by Prandtl (ZFM 1919
p-73) and by Joukowsky (/\érodynamique, Paris 1916) .
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Figure 27. Influence of turbulence on disk drag (56).

“Aspect Ratio”. Figure 28 shows how the drag of
rectangular plates (and that of cylinders with limited
length) varies with their height-to-span ratio h/b.
It is surprising how far the effect of the side edges
(ends or tips) extends toward the center portion of
these bodies. Up to b/h = 10, the drag coefficient
does not increase appreciably, and at b/h = 30, the
coeflicient is still considerably lower than that of the
two-dimensional plate (between end plates). Con-
sidering the ends of a rectangular plate as three-
dimensional, their dead-space pressure is evidently
less negative than that of the ‘‘two-dimensional”
center. Consequently, a flow of air is induced from
the ends along the rcar side of the plate and the aver-
age pressurc is considerably increased. Another way
of looking at this phenomenon is to assume that the
motion of the vortex street is affected by the ‘‘ven-
tilation” from the ends of the plate. The total varia-
tion of the drag coefficient is between 1.17 and =
2.0. Most of the change evidently takes place be-
tween h/b = 0 and = 0.1. Interpolation is suggested
by
C,. =Cy.. [_1 —k (h/b)] (29)
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almder o wIach ite fowe amaches o the mesr
side) decreases as the angle of yaw ™ A7 Is Increased;
for example from Ry = 3.6 10" for normal flow to
2.0 10° (still based on total speed “V”) at A = 60 .
In conclusion, the cross-flow principle cannot be
applied to elements with attached flow pattern (as

% far as incompressible drag is concerned). :
R : v
S : 9 o -
, . @;}, Cpo.= —.05“01 0.2 0.2 0.4 0.8 1.0
. K SPHERE * . o /\ o

s 'og 0005 ! l ' /" ’ b

- Ry = 7 10" M,,,-?’c - Figure 20, Codhcxems mdnuung the [orebody-

'y SUBCRmCA{(}gﬂyfT B preslsuxc Llh“dg of a series ol.cyl.xgdr_xcal kiodles,

5 | i PRESSURE DRAG (SEPARATION] evaluated from pressure distribution (25,¢).

-

sl

R 4 SUPERCRITICAL 004 _ 2" coefficient close to zero. As flow separation starts and
j: ) Z‘ grows in the less streamlined and bluffer shapes, the
.o drag coefficient grows rapidly, however.
@ .. o
& “‘7& ‘ % disk figure 26
A : ¢ Figure 19. Drag coefficients of ellipsoidal bodles (22); (@) 2 / o Eitfel — ‘Q‘:;‘O,d)
s ﬁ{ at a subcnt_xc.dl Reynolds number Ry = 7 10%; 2 and (b) G R 4 cylinder — (25,0)
L b above transition, at’ R'numbers approachmg 107). Lo L 9} hemisphere (40,c)
Mg B © NACA —— (25,d)
} " \,L / % Dornier — (25,¢)
’ ¥ Simple Ellipsoidal Bodies are represented in figure  °8 S ——-@ ® body (25.0)
- 19. The pressure drag caused by laminar separation 0k M‘*;,‘:‘,’ﬁ nose
r . (at subcritical Reynolds number) can be approxi- ‘
! . mated by a component proportional to the thickness R C }—:Jd
; ‘ ratio (d/1). Applying the functions as given in the a2 ‘\i‘.___‘__.___.——-——"l'iﬁs"ﬁn'f_
? “streamline” chapter, the total drag coefficient in o L e o Temerionii T 1/d
i y this condition can be approximated by 0 4 8 2 I3
* .
. ; I Figure 21. Drag coefficients of cylindrical bodies in axial
y : C,, =044 (d/l)—*—‘}c{;(f/d)—{—‘ic_?(d/l) (25)  flow, with blunt shape (in the upper part) and with
; i : rounc!ed or streamlined head forms (lower part)—as a
s t function of the fineness ratio 1/d.
! Figure 19 also presents the minimum drag coefli-  Parallel-Sided Shapes. Plotted in figure 21 ‘are
©  cients obtained shortly above the critical transition  the drag coeflicients of a number<of cylindrical bod-
o § (sce for illustration figures 10 and 11). It appears ies in axial flow. Figure 22 shows corresponding re-
T that equation 3] of the “streamline” chapter can be  sults in two-dimensional flow. The drag of these
. s applied to give an approximate interpolation, using  shapes essentially consists of that of the forebody and
-1~ %  a friction-drag coefficient Cp = 0.004. the base drag originating at the blunt rear end. At
4y zero length ratio, the coefficients of disk and plate
o Half Bodies. A theoretical “half body” extends are plotted, respectively. Two branches are seen in
A to infinity in one direction. Theory (28) predicts €ach graph, one for blunt head form or leading edge,
v iy that such bodies, with a properly streamlined shape  respectively; and the other one representing the ex-
, e ’: facing the fluid flow, do not have any drag. Positive perimental results of rounded or streamine shapes.
P ,.': as well as negative pressure differentials press upon
Lo the frontal area so that the resultant force is zero. 3 STANDARD PLATE VALUE
z 3  To understand this result, the reader is invited to 5 Heotn T
w“omt investigate the pressure distribution of the sphere $ RO (e
" ¥ — which gives a related result. Integrating the theo-
> 3 retical pressure distribution in figure 9 across the
g frontal area, it is found that the suction forces pre-
f,‘ ; dominate so that the forebody drag coefficient is -
“ s inegative (Cp, = — 0.125). The phenomenon of 7 =
is.  zeroor negauve forebody drag is also found to some ___.MSE T o
: extent in real and viscous fluid flow. Figure 20 - 5 L ¢ 8§ wmo o

gives pressure drag coefficients evaluated from tests
(25) on a series of rotationally symmetric body
". The first three shapes have a forebody drag

“noses’

Figure 22. Drag coefficient of “rectangular” sections (tested
between walls) with blunt leading edge (upper part) and
with rounded shape (lower part), against length ratio.




