"#3%&"

%0& %($



%



I* + - +*
* _+/
*0 1
0 2 3 4 5
* 6
0 1
3 1 7
1 6
* * 68 9 -
. *1 *8 1 / 1" 1 61
;< '
= 1 0 73 66
1> *] 15 172
! 1 1 1 1>.1
. 1
0
1 66
7 1 @
0 1A B / 1
>-. 1 A. A21 B/+ *1 * %
6 47 6 1
> 2 * 0 * 21



v+
> -
, 6
>
'6
) Cl45314C
)) 'E 43C5

) % >4' C @
)& >4 C | C @ 453'4C
)$  P4E43! C

% >!BC44@

% ) 4 14>

%% B1!1I'C> 35>

% & '‘@4C @ ' "4C C 4? 4E
% $ c 'C

& IB454 4 @
&) >4' 5> 3'4C C >

&)) 4 14>
&))) 4 45> 14C
&))% B'!'C> 45 5> 14C
&))& > 3C!4C>5> 14C
&))$ "1 Cc@>>

&) % >4' 5 '@43!

&) & C5 C>4CC'C5B'l 4>>H >>3

'314C
& % 4? 4E>3'"4C CIB 4 |
& & 4CC 14C 17 C B 4 I'C5 >

)
)%
)$
)D
)D
)#
)F
%&
%G
%G
%F
&)
&%
&G
&G
&G
&D
&t
$$
G$
GF

D)
D"
(



$ B
$)
$ %
$&
$$
$G
$D
g
$#
$F
$X(

45@C' C@>>4 @ 4C 3'4C>

> cC'1'J @
C'J 4 >>4C @

C'1J543 1'C>4C @

C'"1J) 4 >>4C543
c'1J Cl 15 @
Cl! 15543 |1'C>4C

Cl! "5 4 >>4C
C! 15543 ['C>4C

3'J3 '4C> 'C5 C!
4C 3> 4C>

G 4 5> C>I35@

G)
G %

>4' 5
I3 C

G%) I3 C5>C
G % % 3 C45>C

G&
G$
GG

G % % %

G%%) ' K4l 4>> 45
4 5> C 45 4 314C' 4

4 >>4
B'1IBC >
4?7 4E> 14C

D 'CC3 >31>5>3>>4C

D) 4'C C51>

D% > @ J>C! 45@

D& Cl 45@ >'"BB !
" 4C 3>4C>

C >

I'C>4C @

4 >>4
5

"&
"$
#%
#D
#F
F%
F&
F$
FD
F#

)(
)0
)($

) ($
)¢
)¢
)
))D
)%(
) %&
)%D
)%D
)%t
)&G
)$(
)$$






)) . . x 1

4 * * , - - |_)|\/| )"
Y% + + 4 . L%M )
)& * 6 * *
L"M %(
)$ 6-5> ! . LGM %)
)G - 6 + * LFM%%
%) ..+ * > % -L)%M %D
% % L$(M %"
%& 6 % L$)M Yot
% $ o L * <L$GM &&
&) 6 * L%S$M &D
& % . * 66 6 6- . L%&M &"
& & -6 * . 0. *
* L%&M &#
&$ * $&
&G *:1 N %G(O 1 NGG(O < G$
&D . 6 + 6 * >+ *
+/ * + 6-' 66 L%FM GG
&" * - F B! 6 /
: 5C N#G( ?H “ e N(I"#/H< GD
&# 6 - F 1
5C . ! ND((O < GD
&F * - B! 6/
+ G"
&)( > 6 + * 6
N(( * 4 G#
&) + * - GF
& )% - I Bl .- 6- * * * * 1
6 * o+ *H - *>1
6 / * % * D(
&)& * IP D%
&)$ 6 * 6 + +

* * * % D&



&)G * 6 + +
* * % * D$
&)D
&)" , I , + * 1 *+ *
+ 6 /
& )# + %
$) - *
$% - - Q. .o <
$& -l *
$$ - -
1 NGG( ,N)((6 <

$G IR ; N&(6 6.1 N'(6 6 +<

$D !, -

;  N)@O® S N$6 S!' NGGO<

$" 6 , Co- ! * #04
$# 6 - -

6 , L N)((6 <

$F , - - 6+ 6

$)( IR ; N&(6 x 1 N"(6
* <
$)) 6 oo
$)% 6 -
; " N)G(6 S! NGG(<
$)& . ( . $)%
6 , - - 1
- N)G(6 S! ,NGG(<
$)$ !';6.< B!'6 +<!R ; N'(6S N)B6 S
N)$(6 S! NGG(<
$)G . -]
$)D . - F)
$)" IR : -k %1
* <
S, - - 6 + - F%
$)F 6 , - ;! NGG(S
N)&G6 <

DG

QLSO
hid F

#(

#)

#&
#$
#G
#D

#D

##t

#F

F(

F)

F&



$ % . S

F&
$%) - - . F$
$ %% 6 , - + % 4 *
! FG
$%& - - .3+ ,N
)$(6 S! ,NGG(O< FG
$ %$ - - 3; N)(6 S
I NGG(OS N&(6 < F
$ %G - - 3: N)(6 S
I NGG(OS N&(6 < F
$ %D - 6 + -
3 Fi
$ %" 6+ I NG((O CN)((6
+ * - FF
G) T * L$&M )(%
G% 6 * L)%M )&
G& 6 - 6
.1 NGG(O 1NF$1$"6 1 N$(6 1 +ND#(1% / H < )G
G$ , N3 6 )(D
GG 6 )(D
GD . 6 L&&M )"
G" + ¥ )
G# -, +:1 NGG(O1N
)(6 1 ND((/ H < )&
GF . 6 1 NGG(O< ))$
G)( . GF I* +
* . )G
G) P2* 1
+ ; I &(((( <
L&GM ))D
G)%
> < L&DM ))#
G)& . C
> - L&FM )F
G)$ . - 1 N$"O1
N$(6 < )%(



G)G
D)

. 5C
D% 6

D#

DF
5C

D)(

;6.<

X

D) -

6

, * o )%$

- SC *
- - 6 5C
- 6 5C
- - )&%
6 + -
+ + ;6.<
- !
- - | , +
+< * -
- - L )&#

)

)%F

)&(

)&(

)&)

)&%
)&&
)&D

)&’



16
16
16
16
16
16
16
16
16

%)

% %

&)

& % 6
&& *

&$

&G T*/ | U
&D . *
&" 6

%DG B

16

G)

N(( L%$M

6 +

! NGG(O 1NF$1F&6 1 N$(6 1

16
16
16

N)(((C <

G %
D)
D %

-6

+ND#(1% / H 1

B

L%&M

+

U

6

G%

)%0)
)&&
)&

&$
&$
&D
&F
(

G(

DG

)$

)



*7

)%

%

66



1
*1
1 0 =
6
C 1
1 )
<
7
6 1
6 2 1
6
6 1 2
7 + 6 /
&)W1
1
7B!
*
7 :
1 . )$ %)W )% G%W 7
2
*
* o, 10
7

<1
% YW

)&



>  + ;><
+6 1
* _ I* * * *
* *
!* +/ *
* * 4
> I* -
+
6 * 1 +
I* *
* I* _ 6 * *
* *6
o+ % 6
+ -
16 * 1
>< x4 6 *+
1
- + 1* + I»
1+ +
6 + * . +
5- 5 ,* 656<1 +
+ 16- 1
* 6+ * + 1+** *
I* - +
6 -

: * 1 6
* 6 * % - *  _
* '1

*1+* *6

* 1' *

6 * +

)$



+** *6 - -

*6 6 -
I* + + * * o+ 1
+ * o ;61 1
< |* + * + 1 *
6*. *
+ 1 + *
* 6 16 * - >
* l* * + -
|* * + +** + *
: - - <
- r + 6/ .- %H )W  &)W1
* * +** * + +*
* - 1 6 * *x %
*B] *
! *+ .- * *
-+ * Co-1
* )$WW . )% GWW  * I *
, * - + - 1 *
+* * *
* * * . 1 * | + *
*

)G



)$) #1_*+
1* . - - +
0 *
+ -
* 1 *
1 4 o +* * * *
6 + * * *
* _ 6 * 1
* P - * _ *
6+ * 4 % *
* *7 1 * 6
/ + + * *
* * Kk 4k % *
6- * 6- * * 6/
> * * -1 * * 3
6 * B * * + *
1* 1+ *6*, |/ 6 /6 -1
* - * + O - 1 +
* * 6- 6
* 0 6 6/
* 6 6 6- * * * 1
- 1 * -6/
1% * * 6/+~k * *
*
I* : o < 6*
L)M _ + 1
6 * 6 6 * - * 1 *
1% * % 6
*)6(- 1w L +
* 6 6 * 2 ) * % * [

)D



%

. $))0 !

(@)

CO; (ppm)

* 1 0 * -
* L)M

QObserved globally averaged combined land and ocean
(a) surface temperature anomaly 1850-2012

= T T T Za
Annual average kA

1= ‘ f ]
Decadal average

Temperature anomaly (“C) relative to 1961-1990

1850 1900 1950 2000

Atmospheric CO;
400 T T T T T T

380 1 1

360 | 1

340 f 1

20r 1

2300 L L L L L L
1950 1960 1970 1980 1990 2000 2010

Year

'o- :'< L%M 6
* 4 % 1



* _ * / +
- * 6 -
6 1 + * - * *
6.16 * 6 6 - -
1 +* * * 6
* 6 - '* 6 _
Waste and
wastewater 3%

Forestry

17% Energy supply
= 26%

‘-‘““.\“\\
= | |
Agriculture o :

4% - N Transport

~ 13%
o - 3

Industry
19%

esldentlal&
Commercial buildings
8%
. $)"0 . ! 2"3
)$ll & * *_4
' * % +6 1 _ *
, 1 *1+xx A
+ !* - . *
. * * - * * * (GW
7 + 6 * * _ *
+ LGM 6 %)% *-6 +)& ((  LGM !
i * + * * 6 )
I?H "L$M16 * . - 6- * *
1 6 * * *
|* 4+ * % *
* * * *

)#



6 + * +
-, 16
!* * %
6-
J<
3 *
.1
*
*

1 *
0 *
1+* -

>1 *
*

* * *
*
*

*
+~k
- 6
1*

*

* - -
+1
+***
*
6
- *
*
+*
6
*
* ] * +
+6
*
+

* *
+ -
6 P
*
|*
|*
1
> *
*

)F



- + 1 >, 1> I*
* - JFF 21
DG((* - LDM
I* 6 - * - P
- * + 6 *
* 16 6 - - 6+ > *
+6 * 4 * 6 6
* - * 6_ + 6 *
* 1 , 1 J + 6 6
16 * 6 - - 6
* 6 6 +
1+ * 6 - - 6 - -1
+ 6/ * +*
* 1> 6 * 6 x o +6
+ 6 ! + *
> * - 6 1 -
WORLD MAP OF DIRECT NORMAL IRRADIATION GeoModel

R . _
/ ..ﬁ;,_) a\ ,»s ¥ 4
i 3

sollargis

http:/fsolargis.info

SolarGIS ® 2013 GeoModel Solar

Annualsum <400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 >
Long-term B S K

average of: i 2 : v
Dailysum <1.0 1.5 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 10.0 105>

. $)/50 (
263

%(



C.

L"M

* 16* *

)(

+*

P 1

%H( ?

|*

~ CSP collector areas

*

for electricity

[ e

W cvis o0

W MENA 2005

I s o i e 2050

&G(((( 4 %

Concentrating b
Solar Power |~ I
ki

BDESERTEC

* ! 283

%)



+ / * * 1
1 + * * 6+
' / L 3 I*
* , + 6
4% * _ 6 1 * 6 *
- * o+ [; )$<
!* 6 * > % + * C + - 1 *
4 ; 4 < x - 6- >
*k kK x4k * * +6
) G * 4 6 + * - *
J1 J > 6 g oSk k% %
41+ % % + o * - 16
)$ XH/?* LFM
Wersian: Mow. 2041 Z. Fraunhofer
0322 o - 0.22 ist
= 0204 020
g 018 . -0.18
2 0184 -0.16
e i
@ 014 - L 0.14
E 042 012
§ a0 l-u.w
© j
‘5 008 L 0.08
§ 0.061 - 0.06
E 0.04 | 00a
%’ 002+ L 0.02
e g PV PV VT PV W o o o T oy oW
small  utiity small ufility small  utiity storage storage 2000 2500
1450 1450 1800 1800 2000 2000 2000 2500
GHE in KWhiim?a) DN kNN a)
. $)80 ( 293
J * *1 > , -
1 6 6 * *
> * 1 - 1 *
* 6 - 6_ * + * - ’+* * 4
* < * 6 / *
Lo * g - 6
6+ G )% XH?*L)(ML 6 - 6+ *

4

* + *

%%



* 6P . * +/
> * * * ) .
* *+ > -1
* * _ 4 w - i .
+ - _ 6 .
- -7 > 16 * +
*
!* = 4 %+/ 6* *+6/
1 - *
+ * 4+ 1 * I
+
* + > | *
* % 6 *
S
+ 6/ !* ’1
+ 6 * 6 + o
- S
+ 6 / + 3
* 6 * ) .
1 )
+ - * * % 6 5 "
/| 6 + * * 5. 5
* * % J 1+
6 6 6 ’* .
* !* * _ % 6
+ 6
6 * N
- - 1 . ]
* * 4 g

%&



*
*
1
| * L&Y%M
1 - |
i * * -
PR - y "
1
6
+ +
* 6
*
* 16
I * B

%$



& ;-4

||$) *&

I* * 6 > * *

. 1 +* * * BI + !* * _ % .
+ * 6 . - * + 6 /1 6_

* - -
1 * > 6 6 *
* - - 6 +
- : + 1 * < *
S

- + * % ;<
* 6 + * * *
4* Kk %
— % )<
B * N , * Bl1
* 1+ * * 6
*  x % - * &(
" . 6 ** )@
* 6 * * * L)%M
. * _
- 6 4% 6
* < 6 * 6 .7 6 ST
* 4 ok % * / 6
* * g * * % % ,
+

%G



Absorber

Curved mirror
Pipe with
thermai fluid

Parabolic trough

Receiver / Engine

L

Reflector

Dish/Engine
.$"No !
6 * + - * *
. +
1 13>1
+ &G$ ? I* +
* * '* 6 , *
- 6 * +
- 6 1 * *
* * |*
6 * * % * 1
* *
+/ +-16
*
Ix *
: 6
6- 1
1* * + *
- 1 _
+ * % * 1 +
0 * 1/

%D

14

Absorber tube and
reconcentrator

Linear fresnel

L

Solar
receiver

Curved
mirror

Heliostats

Central receiver

+



1 * - + *
_ 1* * %
-1
4 * * * * *] *
- * 6
6
* 1 - 6
1 -
;% o<

Secondary mirror

et el P

Primary mirror /

. $""0
% : %<1
o
%O - *
+ o+ 1>
* * *
1 +* * / * * 6_
I* *
* * 1
, *.6 6
* %
* - * * _1

+
* 4 6 +
* 6- *
*1 6 *
I* +
*
6. *
* 4
Secondary mirror
Absorber tube

/

b /PR

27<3
6 o+
6-C. > 1
- & ?1
6 L)$M
* * +1
I ; * - <
+ * +
* 6-
- 1
_**1+*
6' *’ -

%ll



1 * - * >
!* + *
)& G((*
I* - - 6
*
- > 1
* ' * *
+ * + +
* * 6 .
%((#1 > - >-
&) %GW I* *
6 1 = >
6/ %()%1
+ * - )G?1* 6

%#

Digh Controller
dnside pedest

-1

&F%

& G((

?1

L)GM



" &L+ &

|* > - 4 * K *
- * . * * *
+ !* * * B| * 6 * 6 _
< * - S
%< . * % S
&< * BIS
$< + * -
R 6 + * - - * Bl
o+ *+ 1 S
¥ * * + 6 I+ 1
I* 6 - > * 6 - *
I1* - B! - *  k* *
* - * ’* 1
* * 6 - > 1 * 6 -
N 6 + /+ *1 -
* Bl > -1* 0O *=*1
* + * * - *
o + * 1 x o 6 -
.-+ *
+* $((O L)DM I* *x0 - *
- . +** ,
6 *
— ;% %<
* 1 * > 6'
[ * 1 -
- * B| * ’
* * 1
6 ot ; + %)(0<
6 * D((O 6 L)'M  * 1 *-

%F



1% * ok
Bl * 6 - * 0
6 + * 2%k
6/ * _ * % * ok
* _ *
* * -
* - * _ 16
* k- 6% * Bl16
* *

+ / * - :
> 11131 * 6
* *  L)#M
5 - - * 6 * *
6 / I* * ,*
1 1 =
* 6 6- * *
* _ . *
- + / * 4+
+/ +* +
* 6 *
I 5 > ;5> <1

- G71 - 6
+ )%
* + * S
* 1 +* "
&&(0 L)FM
’? / + * + * + *
* * * _ * % *
Hx x * *
+ *

&(



+ o+ *
6 + * 6/ * Bl + . 1
* * 0 x .
I* 5> + x 6 L
R * o 6 +
+*+* 0 B'
BET. 6 " > 16 *
+ * - * ’* |+ 6
L 6 . Bl N
7 * 6 R
* . 4 -
||$5 #*4 4 *# ’
' ) . x - / ) R
+ * 6 6- ) ) g *
- ) 4oy +/ 1.
6 . 6 - *  T¥YD(L% (%6%M 1*
* * % . .
’ * + 4 %;&%O<1** P
6 . oy
ror + * 6 1 + P
-+ - * S 6 N
+/ 1 * * *
6* 0 + - N ./
* ok 1 % ‘4
* - S
* o+ 4 3 N
6 1 * .
P * ’* 1 * + * 6 ]
6- *

&)



I* + * * *
6+ * *
* + * * +
+ -1
*, 6
*1 *
- *.6
* 4 [ L%)ML + * *
* >1* 4
1*
o 6- | -
, $G(D((O <1 +*
-+ %6 S
* * ’_1 * %
0 + 1 *
* * *
6 -1 -
- 1 -
* *
6- * 5C * *
* 1*
- +~k 6
* +/ - 6 *
+
* 1
II$7 *.*
I* - * *
* 16 = x o
* +*
* *

&%

|*



1 *oox 1
* % 1+/ +*
I* * 4
* o+ ' 1 > !
6- * * &F)O
* 6 &0 !
* 1 + *
- 6_ * % * B| 1 4* *
- 6 *
L +* * 6
+* Q0 - * 1 <
!* * *
+* % 6 1
*
* -
a)
: .
e L Bt SR mlls
o ;
N
un = | ] i
B -,-.;-f%— ﬁ‘ - 2
. $"70 =
%$ *+ * * 1 +* %
!*
Z * -1 07

6 6 6+**5CS

Z* * *

-* I J )<
*
*
* + 1
*
16 *6- *
6 6. $((O
+ 6 /
+ * + H <
+* * + [+
+* *
- , +
e B B
/_‘_\. :
@ e
@1 o
> 2783
)
* +



&$

* * *
x Bl ¥ S
*
( "no
C 4 L?M
Z LWM ") %$
Z. LWM FG %%
Z LWM FF)’
Z LWM &D "%
Z LWM FG %&
Z.  LWM %& G&
1, *
1 ! 6 %% I*
* *
+
("o
Z LWM G% |G
Z. LWM F% '&
Z LWM F# D$
Z LWM &$ $G
Z LWM FD G"
Z.  LWM )D (G




|*

*

B!l < '
4%

l+**

+

*

6**

|*

&G



5%$)%)%) &

1-._-_-

Faundation

&)

16 &)

. $5/)0 2"73
. P A [(G
) . L%$M
(( L%S$M *
( 5/)0 )<< 2"73
C6 6 * #
* - LM )% %"
6 + * G IID
C6 6 P 6+ $
C G$# &G

&D



61 *B>B>)% 1

6-'* >
1+ * * *
* L%GM 61
6 6 -
+ * . 1% 6 6- 1
+ . * o+
* *+ &% !* 6 6 6 *
( [ G114k 6 o
)%G s & I . *
* 6 6 1
+ * , + * 1 *
-:? @ @ ®
! \‘ Illi |I Il.'ll"
e ol 1 o T L = &
_____________ _.H._____ e T
f
1. Bellow 4. Getter
2. Glass Tube (Envelope) 5. Getter Bridze
3. Absorber Tube (Pipe)
8570 1 s ((( ( I 253
6 1 6 *
* 6 $ P *
* * * |* + [+ *
5> 1 o+ )(G
* * + / + + * 4 O/;I. *
, f o1+
, - 6 1
* 6 * % , * 6
+ *
*+ 1 6 4+ * * _ I*
- * * % 6_ * * 4 /



59)$)$"; * & * &*

x> * ) >
-6 6+ * A T
* L1 "
6 + * * o '
& &
\\
b e Tk
95501'.513:* gs-kam:: q:;.:lmd’ B /ﬂ' ,.-"':T
[E'f G45cnd © Ds5com
o |
‘_?-::'.‘md
i
absorber pipe

selective coating
heat transfer flmd.

™~ glass envelope

conduction

r’\f\/\f\r (HCE support bracket)

|
| radiation

(D AN @ AAAN () %} I RGNS

convection conduction conduction
convection

radiation

convection

(1) heat transfer flud (5) glass envelope outer surface
(2) absorber mner surface (6) surrounding air

(3) absorber outer surface (7) sky

(4) glass envelope inner surface

. $5/50 !
2'53

&#



>6

16 &%<1+* *

*

* 1

16 &&

-6 6 6-

( 5M"0

(

%

OO R

&F



$(

Heat Flux Heat Transfer Heat Transfer Path
(W/m)* Mode From To
G1>eom convection inner absorber pipe surface heat transfer fluid
(j;mmd conduction outer absorber pipe surface inner absorber pipe surface
ot solar irradiation I s .
s . incident solar irradiation outer absorber pipe surface
U3501d6s absorption PP
Qoo convection outer absorber pipe surface | inner glass envelope surface
tjr;mm, radiation outer absorber pipe surface | inner glass envelope surface
ot . inner glass envelope
q conduction outer glass envelope surface
Lascand surface 9 P
q. solar irradiation incident solar irradiation outer glass envelope surface
5501465 absorption 9 P
ot . outer glass envelope )
=
] 56comv convection surface ambient
o . outer glass envelope
qs-
q 5710 radiation surface sky
- . . .
36 com convection outer absorber pipe surface ambient
G rad radiation outer absorber pipe surface sky
= ) .
G cond bracket conduction outer absorber pipe surface HCE support bracket
- convection and . .
§ HoatLoss radiation heat collecting element ambient and sky

* Per unit aperture length.

( 550
+ * 6 6
* 5C
*6 6
?
* 1 *
* ,1+ 6
+**
+ * - -6
6 *Bll; < *
-<* *
,* *
* 6 * _ %

( 2'53
;0 &> '6
*
*
* *
- *1 1
-1 o*
;<* *
* 6 6
* l -<*
*

0 g6 <



I'#$ % I"#&

% "()* wree T wr#s T o -a T rHe)-1I0 &)<
%14 T %,-& 12148
RO LI W) 1Bras T 14-8
Ip 1 * 61 * 6
+* * * !* 1 *
B! ;I <1 $0 $. 6 ; % G< 6
6 1 * * - 6 -
* 4% * ok B!
1 * + *
) 0 * * 6
* 1+* | ) ) -+
* 6*
* * * 1 * % 6_
* * *
% |/ 0 * *
* * * 6 *
* |
* Bl * 6 *
I* *
6 +* -6
1% * % 6 _ *
1 +* * % * * B'
L%&M  * + /1 * + *
* 1 + * * *
* 6 * * 16
* -6 *1
* 6 * 4 |* 6
-6 * B! *

$)



* ’6 / - * % *
1 -, * B! * o+ *
6 6 I* -6 *
se7g $1 5 (PPgt —AgE 3?6+ -AgEC & o<
0 _x % % * Bl 0 * %
-, - < !* * ,
* * * 6 + *
+ * 6 6 * Bl
6478 4% & &<
' * * 1 *-
* I* 6 - . 6 > 6
* 6 4 % S Y -1 o*r <
3 _ * 6
- & $<
A $
> + 0 * * % -
* * 1 * 0 _
6 * *
|'"@( |_6# IH ,& G<
K $ ‘& D<
IH  Jy ¢FEChg SIE
* *5 - 1 6 /
LY 1 & "<
e Ty Vg Zip N PN
[ * * * 1 51 *  _ 6 *
1

$%



& #H<

IL &

DN LN
N

D*

E#H<1 *

&)<

|*

>

*

/[ +1

B!

*

* Bl

loop outlet

It

) —

'

I
T

1
T—7t

I
T

1 Y = e E— o

1

§ ——  S— —

It

J A — hot header outlet

$5/70

*

+*

*

& $< ¥

/

6

6/

$&



* , * 1 6_*
* *
1% 6 + -
> * *
* *
* !
16 &% 6
5%)$)$5 & .+ & &*
Pl ( . ((
! . 6+ * o+ * 6
4%1C+ 7 +* 6
g 7 — Fal
? bCL L—i
?*
N Lk L?H *EM
54N 6 6 LM
C5%NC 6 5 %
/yN * - B!
! * C 61 /-
€C7/. ~g- C
be, ———FIEkT
V4h 4ief—O
‘?*
%N * * 6 6 6

$$

& F<

& )(<

&))<



yNB! 6 . )

I (Gl ) 1%((C %&([0 4G (D1
6 + ? +
* * | * +
* * . * * 6
+ % 6 6- *
A9 -6 ' 1> L%DM
I 6 /| LO ;&"<M
! ( (
1% 6 * / -
* , * 1 +* * |*
, 16 + +
* * 6 * * %
7 +0 * +* 6 -
_ * x G
) m oEn cC
% I"#& _OPF & )%<
+*
R - 66 ag, -LLL27H
EM
5.N6 6 LM
54N 6 6 LM
!* * * *
: <l * +
+ L%&M
Qoo TS Sag+ t B=—CllEagwy & )&<

( (

$G



* 6 6 1* + * +
zmLi { n ||}
R & )$<
+*
AN > L?H =y
5:¢N 6 6 LM
5¢N . LM
[N .- 6 6
[sN -
r L- 6 0 (#D1
+* * . - * . *
6 6 + + L%GM
€ Fe ¢rMag+ RtOr "ag +rr, & )G<
b ( ( !
|* * * 6 + *
* 6 6 1 *
; + < I* 6 *
* * +
%4 _ ol Fay acd & )D<
+ *
2 f
“%, Cl Ll
ool ht>rth € &)<
+ E n CE%n1C

E%h C & JH<

$D



9¢N

|*

*

N

& VD sespa wie €
0,

g a
6 6 6 LM
L M
*
*6 + LM
*
L BM
L M
6_ *
1 *
+ *
aL M %% #
6LM ) G#%
LM )FD &
/ L?H EM | ()'DF
( 5170
* + * 0

& )F<

ahy L?H %

L?H EM

+ /1 *

X



1 1 * 6 *
*
mzEsn | C
1 I"H& —(I)#

!* * *
) ($?H E L%&M

I I
I1* * *
+* x4 -+ 1
+* x4 , ,

6* 1C+ 7 +
13res 1713 agC
713 beuE
+*
*spo N . * 6 +
L?H *EM
sh .

/GDN * a3 z
5A\
|* 6 + * 4 *
* C 6
C + <

* 1 * 6- * *

$#

& %(<

& %)<

& %%<



TN
d
V2%'4Z [

Be 1 r2er + 4l—f—“ T 8 %<

, 77" d_°.

h w%\ B
% >eeE n (LY
L1 . 2. 27. ‘& %$<
Y -
2 & %G<
k=

*z :& %D<

N . ‘F#)LH M<
beoN * - as 2t L HM
QN. o, , < L)HEM
ciN ! GD
CopN / .- ! ool "HM
1% * -1 -

(T sd)(

+ <
+ 6 + 1 . + / 6 + *
. * I* C 6 *
T 17 1+ *o-1 ¢
+ 6 *
d
\ - g-.
bery o Jladks® EEl & %'<

$F



|*

5G
* 8
) $( ("G ($
$O((( O T
)((C9((((( (%D D
Yo (((CC)CCCCc (('D ("
(580@ % % A
!* , * 6 * *
1 +
N(&'1  d)(
N(&D1  e)( & i<
: " ("] 46 ) sd)( ®
! D
* | I I
I* * * * 1
* 6 6 6- *
+ 6 , I* 6 + *
" “ - 616 -
0 0 6 #0
14-& TGk ac & YF<
+*
N> ‘G D" (#L?H %S\ <
SN LM
[cN

G(



* 1*
*
* * , 6+
* * - % *
* 6 <1+ >
* *
. 6 - % 5C :5C«<1
5C + *
* * |*

6-

4 * 5C [ +1+*
1 * C
* 6 1 *
6- * 6 +
& % * I* 6 6 6
* 6
* * | +
1 = * * 6 61
NE ‘1
* 4 * Kx % 1+
-~ (u6&0£u
. bt o
* *
0&> '6 0 G>'6 6
* > -
L) e<i <Ne
. (§) NG
+*

* -+
+*** +
1+ 1+
1
* * *
6- * .
* . 5C
* 6
* * *
6 *
* .6
L%&M 4
|o* 1 +
*  x_ * *
C - )% %F
6
*
& &(<
*] *
*
& &)<
& &Y%<

G)



"N
bscN 6
&N
b%&N 6
|* * * - 6_
* - .- * .1 6
* ; -1 1
<1 / 1 + * *
O L%'M I* * +
* L%#M
6 1
4 16 &D
f (F$&
bgc ((%
Osc (F$G
Do, (F$
X (F'G
( 5/B0! &
’ * 6. * 6 *
_ * C _ * /
- * * 6 _ * 1*
- 6
@a| « =
"FO #" e .8 8&<
0 :&&%< & &&<+ * ok -
6-
0w | CNeos 1 (By & &<
1+ ** 1 0 #) 1"%W

G%



16* * * 6 61
) 1 ;
+ * * * +
; # %
* 6 6 6-* .1
6/ * * 6 * *
I* 6 * * 6/ 6
|* +* *6/
6 )(O * ok *
6 6 ,| &< 1* * *
0
. E
148 )- 10 F2 )0 -
+*
2N . . 6 / L?H
6N 6 / LM
/s N 6 / L?H EM
" 16N 6 / L
ls N *6  *6 |/
5 N *L M
!* *
* * * ’* 6+ *
Ix *6 |
* * +
16 hlcH& * * 6-
* +**

/
- < 6
6- *
*
*
*6 6 6
*
n .C
Ker
YEM
M
. *
6 % *
6 0
6 *

& &G<

G&



59)$)$7 * * 4&&

! * > - %
* * 1 +
1 * B! 1 5C1 +
*  x % 6 R 2
1 6 * .
+* + * * +
+ * * ; * + <
* o 7 + 6- ' 66
* % LO%FM I* 6 *+ &D
6 + Gl +* * . + * *
* + &D I* 6 +
* * 6_ * * _
6 * ok _ 4 o >
4<1 *
* * 6 ; , *
< I* * *  _
D((
G((
——1)
$(( 1%
™ &
& & = e
—=1$
% =G
( T T T T T 1
( (1% 1s$ (1D (1# ) )1%
E 2/3
. $5/80 = (C"8<D1 (C88<D>

G$



(1$GW

(1$(W
(1&GW

(1&(W

(92)

L (1%GW
(19%(W-

T (GW-

*

LW
1(GwW

(W .

( % s

.$5B0 ! ( (
% (

S (( *.

1% *

(6
1 0. -
&"*+ *+1 *

a
€ sen
@a

CE
+*

wres T 9%,-&

("**

E

“((

(1D
2/3

+

"#& )-1./0

(1#

o1+

2"

*

)

93

)1%

%G( O

& &D<

& &"<

GG



)S((

- )%((

(1FG
(1F
o (1#G

-

2/

- #((

2E3

- D((

(1#
(1"G \
I (1"

- $(( -

(1DG ———?—0/

- %((

(1D
%(( &(( $(( G(( D((
S (% 2D 3
. $5/60 " (%
= CG8<:E "1 . C<16G%E>
1= * * * * * *

=>e=5C ND((

?H %

G —m—5C N"((
GG 2H %
%(( %G( &(( &G( $((
2D 3
. $5/G0 ( 1
Io= CB<<D >

GD



+ 14**
* * 1 1 * % *
+ * o+ 1
6 &F
)
(1FG
(1F
I #G
- ? N(LHM
T (¥ Ser T NSLHM
(1'G | =m=2—— NFEHM—— L1
( —
(1DG
&(( &G( $(( $G( G(( GG( D((
(% 2D 3
. $5/90 (%
+ * * 1 *
* _ *  * 6
I* * N(( * 6 +
* 1 * 1 *
* -1 + 6
1 * * * + * + * *
+ **x 41 * 6 + -
* * - O * >
, 1 + + *
+ * - *
* % + + * % *1 * *  _
6 + * + + * +
1* + -**x Bl 1 0 -
+ 6 6- * I = T
*  * *x ! -4+ % * 4 - |)((



. $5/)<0

G#

%(

*

*

+ &)( >
* 6 + +
6 .
- > &G(
—h > $((O<
—— 6 +; &G(O<
- 6 + ;! $(O<

*

(
(
* 6*
* 1+**
6 )G6 1
* 6
+ N1
-+

)<<

%
2/3




5$)$" & *. 4+

5 * 1 *
* Bl - * + 10 +* 6-

* 9 N L&(M 1*
* _ * * , )%"? x > *
* x4 1 + * 0 + *

x 1 x * + 6 +1 6
* + 6 * 0 * -
+ * - % - 6 * +
6 /1 * * * % 6 * Bl
* +.6 /] * I* * 4
5 o1
'k o+ 6 6+ + 6 * -+
Ix 6 + * 4+ *+ &))
- * 4 % * %
* * * * 4 6 |/
6 * 4 * % *  *
* 4 * * *  + *
* 6 + 1 + * 6
6 * *

Three pipes layout Two pipes layout

. $5/))0




D(

* 6 1 * + * B!
* * 1 * '
x 41 * BI _ 6- * * * 1
* 4
[ 1]
Hot header
BOP Third pipe
Cold header
N
. $5)"0 $ o
( G &1 ( %
* 6 * * * %
+ A ] 1=
* * * !* * * .
6 x4 1 * *
* * % 1 * *
- * 6 *
* * 1 * _ 6 * *
+ -
* 6 6- ' 66 L %FM1 6 *.
+ * 6 6
* 4 - * + +
1 ) * * * *

*

+1

*

1+ *



*
& - ; &&E *&&+* *
* 1
* 6
*
6 / 10;&"<
0 ;&D<'’ *ox
* *
6 $(O1 * %
* * %
’* *
+ 1
[+ * +
+
N | y ®23
6# F6F/ ™y Sn 7 Y
-k *
<1l * B!
* * 6
* *
* * l
+ -

|*



D%

&)&

n+1

*

*

. $5/)50




) )1( h((
\ - F1( 0
)X i atl #1( 0
\\( -1 0

[ep] o
< - GL 0 &
)(D $1( ()
/ SEEE \ g1 0
)G T+ ~J %1( 0
/ 1] )10 0
)G r ' . r (2(h((
( X %( &( $( G(
2/3
. $5/)70 ( (
1* * * + *
* 1 +* * 6 * + * ’ *
x4 Ix 6 + + x|
P 6 6 F(/ + + * * ok
+ + * +1 * *
+ * * % *
|* * 6 + * * * *
6 + * I1*
+ 6 6 . 0 & &#<l *
~ ®23 #
£"0E/ &1-X*/> [#0 V. \ & &F<

vI’TDN SN fof

D&



+ , * . * | P |* *
*+  &)G
)("1% ac

)L T - @O

)(D1# o [ e
—r - AS

 )(DID \ TN e

o1 \ ™~ - ao

(D% \ \ - (10

- (10
)(G1# | | | | (1(%
( I %( &( $( G(
2/3
. $5/)80 (
* I P 6 + * + * k  *
+ 6 1 * / +
6
, _ * * * 16 *
* / * * * . 6 1
_ / * * + *
* * *
* * * * + & )D

D$



. $5)BO
1% * % [ *
* * * 6
6 + 6
PR *
* 6 L$"M

|
metal tube
Il insulant coating

F %Z—n 3\ nF & $(<
1% )G * * + 6 _
+* *
!* * *
%DG B , + 6 1

16 & " L$#M
(56 0" (
"B8-;

'LOM C DG [%(C %G | & | &G( | $((  [$6(

AL M |%%D | %)& | F% | )Y

)GS | )$) )&S$ | )n#

1* * 6 *

& ®R ¢r " ¢ar +FRrRr ¢r "tca”
+ R ¢r™ ¢a+ RR¢r

csr Cr "Yea
& $)<

DG



DD

1 * % % 1 +* * GG(O 1
F) + 1 %A + 0 )&S  L$HM
4 * /| + 1= 6
* * 1 * *
$( O 1% * *
S 0. * i
* 6 * * *
* + 1 ) * * *
6+ * * :
S'V\ ‘@1 064\ S,V\ "@CF6F/\
” L "@FoF 64 F6F/ & $%<
0 e o6k e R_Qr o6 R O
N 6 )(?H "E 6 *
. . * ) * + * ’ *
* L o- 1 *- 6 - $G
?HE ()?H E
I* * * ’
R * *x + * 1+**
+ * . 6/ *+ * 6
0 ;& $&<
1 (" {a$/ QC® a ) } ' & $&<
0"0
1 * * + + * *
1 ("**
B 0 a, +— & $B<
@Cr" 06# ) _$ vacrosny ?ac ¢



>, * - 6- 0 ;& $%< ;& $&<
16**
+ 6
5%" :*# ,& + RN
|* , + +*
+ * , -- 1
6_!* + * *  _
6 1
* - *
* _ * *
- + |/ *
* * _
s * 6 1
+ / 1, -
+ / *

- * 4+ &)

1% 4% * 6

* 1
* * + 6/ ' 6

*+*_+ *

& $$<1



w
v AWrecooler

B / 24f
. $5/)60 ' T
( %
> * . +* * * *
* 4 / 6 , |* ,
;o - <
4 o +* 4 6 1
6 I* ,
I 6 ok
* * § * 6 1% 6 *
+ - H,
»E »E
64/40-"F61 I" -/ 2 SKXX VR X 868611 55
. F .
Vi oo ﬁxxxxx&@xggxx%
B ,* Bl< . 6 *
£ 1 x P . * BI1
1 6 *
+* 0 * 1
* 1 3 1

D#



* s+ 6/
* * 1
.6 + 1*
* * * 6 + *
* . * * BI<1 * * *
*
€, AL
& Yrer A 4 & $G<
+* R * 6
b 6#QeH6C(10 £
AR > ve F2.g0 {6k £0t a0 !"(&}'Z!n(& B eo P .8 $D<
ass e thao £"0}'Z£--0}3 '
* . *6 0 F(W
* * 1
* 1+ 6- * 6 *
: * 4 % ;
| <1 * 1% * ' * +
* ll * * + + * %
1 + 6
!* * % * *
* 3' . |* + 6 * *
> H> / * * *
,or v 6/ 6 + *
* > * l +*
* B! * / * > 1 ,
* * +

DF






* 1 +*
+

!* *

6+ *
6_ *
* 6

+ *

' + 6 1

CE

DESIGN SIMULATION

Initial solution
of BOP
(Thermoflex)

Solution of SF
(EES)

3

Solution of BOP
(Thermoflex)

3

Convergence
Check

Yes

End of
computation

. $5/)GO

No

* 4+ 6 [+
+**



|*

"%

* 6
6 + J'
/ +
* *
1 +
*
A +
6 ,* 6+
6
+ * !*
*
*1*
. * oy 0% +
6 *
*
*
.1**
*
* L=
+ 1 +
1

CE

* -
)
6
, - -
*
* *
*
b
* 6
4% * %



- +
6 * * _
* 1* -
_ % * 6
l *
* 16 -
6 0 - <
* _1+**
+
_ * * + *
1 * * > 4
1 ,*
RAX/E Gex
* 5C. + 6 0
6
1 * 6
r2-t
+ - *>1
* % *
* *
! DI
* * . 1 * *
* 1 $'0
> % 5C +
L&M I* ** |
* .1 4*x * *’
* %1 *ox
1 6 > * -
* % *

"

F-

r2:-rXYs XO@-)



* * * P

1
+ L " % 6 + ‘6
6 &%0O x4
- * 6 , ,
1, 1 )
. + > * * 6
1 , T
% * 6 * *
6- * L%GM * -
6- 6 * > * 4+ L&M1 * +
6 GG(O * )( 6 T
6- * S *><B* +
! + + 1 *
* * * ' , - - +
- * 1 -
+* o * 6 4
6 * a7
7$) & *- * K 4
!* . 6 +* *
+ * % * * ’ * 6 1*
* Bl * * * 1 6 * * -
. I * 4 $)
. D(( G
B | : 5/\/ i
® | £ // il
§ T IRy i
/ S I %1G &
4 oA 2%LE% /,3
.$7)0 / =

&1G



1 Ob<l * *
1 o. - *
6 :
1 £ x
*+ $%
(1% |
(1%D % -
(1%% N N
g (% n |
L# NFENGE N\
1)D
E1;$ —#- N)(6 ! /NGG
(1)% + N)E GG
1)
X %( &( $(
2( 3
(1%
(1%D
(1%$
(1%% /
@ (1% )ﬂ
o W) [/ == N)@E ! ,NGG
(1)D il )(6 ! NGG
1% NF6+,NGG
(1)%
1)
) % &
M 2/3
.$7/"0
6 * + 1
* < - * _



+
*
-1
!
* *
6 .-
6 *+1
6 .
444 + ,
14 o
-1
0
*
*
*
*  x
+ *
* 1
*

*
7 o+ -
+
16 *
/
1+
* %
*
+ 1+
*
-+, 6%
+6 1+*
.
P



|*

< I*1* +
Bl'1B *1

D

7/

% o
7 4

DA |/
#
[ |

%1G &

2%LE% /,Z

%

&1G

$)<



+ 1 * 6 - + * %
* , *
cC -1* : * 4 o - -
%(&W L$"M B+. 1 6 $$1 * *
Ix + 1 6- * 1
* * -1 4* % + - *
LA - 1
K * _ I* * *
+ * +* * * * P
* * * + * + 1 6 * 4 *
F(W LI * - * * 1
’ * -
(1&G
(1&
0 (1%G
N
(1%/
== N (6
== N&(6
(DG —=m=—NB(6
—= NG(6 N
) == ND(6
( (1(G (1) (1)G (1% (1%G
2/3
. $7/70
= 'C88< 'C)<<( >
!* +*_ . * - -
;o -+ 6 * + < i



* % IR S | - 6 I*
* +* * 1 +*
* *  _ * *q] * % + * %
o - * *16
* , 0 * % 1=
! -0 6 1 6 $GL +* *
* IR * | 4 * . +*
6 F++* 0 "(6 . *
* _ * * !* * * %
* _ * 6 +

* oy o+ * + +
* .o* 0 - ¥ 16 T

6 - 1 *+ $D1 + * |



#(

Temperature [€7]

General HX[2] - LTR - TQ Diagram

000D 45000
Heat Transfer kW)

General HX[2] - LTR - TQ Diagram

140

Temperature [{]

1o

40000 0000 120000 160000 200000
Heat Transfer (kW]

C5<( (11 C6< (

1+ -



F$1G(W

F$1((W e
 F&1G(W, / \
& Fa1(w \
T
F%1G(W \
Fo%1((W
S
F)1G(W
( (LG 1) (1)G (1% (A%G
2/3
.$7BO *'
=. C)<(O C7<( 0O . C88<D>
* + * - *
+ 1 * * , _
* 61 * Bl * * * 6 *
| : * 1 * *
*ox + /<
* 1 * * *
1 * * P *
!* * * * * + *
1 +* * * + E3 *
+ -1 * B! o
+ * B * * |* *
+ * _ 1 * *x
P 1 * P * + * * 1
* * * + * * B'
L 1* 4+ 0 _
1 * * * % > -1
+ *B | 6 :
6 < * .- * * 1 *
- 6 * *
I* 6 * + , * _ 1



795 % * K 44 ] & 4

* 1* ’ + 6
6 * >1 * | o 6
* * _ ’ 1 : 6_*
* . * !** P
6 * 5 . 1
o ok 6
* * . ) 6
" T i
G
&,?Z)D
%8
%1G & &1G
296LE% /,3
$7/60 ( | / )
B+. 1 * / .
+/ 6- * 6*, 1 N i} | 1
) 6-* +111
6 * o
* * 1 * i + ’1 |
* 1 * ’ * 3 ) !
* 6 - *
1 * * . .
T | I
6 6 . | ] < *
" -1+ * -
* e
-4+ e e s o

#%



* - + /
* 6 4 * * * 1 +* *
* * 1 * * , - * *
(1%F
(1%" =
4;. \+\ — N)&(6
(%G g T N\
= = == . ,N)$(6
227 N T
S (1%& X, S ,N)G(6
b

(1%) /N( —! ,NG((O
// N - =1 ,NGG( ¢
v

(1F — 1 ND((O
@"
1)G . | | | . . .
%( &( $( G( D( “( #( F(
2(3
.$71G0 ( (
. .= C)<<( >
I* * + 1 0
* * 1 * , - -
* 6 * * -
* , - _ * - 1+ * *
- $F * LI
* _ * ,
* 6 * + * _*
H 6 + * ’ 1
* 4 , * * , - '1 6



pmin 30 bar

pmin 50 bar pmin70 bar

mnex
mCompressor

& Regenerator
WFirst turbine:
L

m Second turbine:
u Precooler:

. $7/90" C (
-, 1 * 6 - *
1 * *
* * Bl '+ *
’1 * , * * 1
* * 0Q - * * * 1 6 6- *
. - * / * o*
- + * * * 6 - *
* _ * % _ - 6- * * 1
4% * * 6 1 *
* * 1 * 6*
* BI * % 1 *
N * / | 1 *
6 -6 1, * -
+ * + IR * % &(6 "(6
* 4 $)(1 6 6 . * +
6+ * + + * * *

*x 6 %(&(O

#$



. $7)<0

General HX[2] - LTR - TQ Diagram

‘Temperature [¢7]

30000

0000 S0000 120000
Heat Trausfer (kW]

General HX[2] - LTR - TQ Diagram

150000

Temperature [C]

/N

190000

200000
Heat Transfer [kW]

C5<( 1
>

400000

C6<(

#G



787 *- * K* *&& +# J & 4

6 +- * . 6 -6 Lo *
6 - . 6 - <1
+ * * * +_1 * 6 . *
4 o 6*. +* 6 6- *
66
D(( %
G(( 7/ i
$(( /D
2 & //
%( B F
)(( -
(
)1G % %1G &
2%LE% /,3
. $7H))0 (" ! / #
I* 6- * $)% I

(1&)

<1%9EJ_aﬁ\ir
(1% —— ~<4
(1%G \
Q
o (1%&\

- == N&(6
()F | NG TN
=== ND(6
(1) |- >

=0—  N'G6

(1)G

( (1(G (1) (1)G (1% (1%G
213

. $7/)"0 ( 1
= . C)8<( O . C88<>

#D



' 1
1
6
6
* -
*+*
!*
:
- ,*B
* *
+ *

’ . *
* P *
I* 0
*

*
6 *
- +
+~k*’
-+ * P
6
$)&
*

6



(18%

(1& L_|

s M
N /

(1%D
(1%$ /

/3

(1%%
(1%
9%( &( $( S( D( "( #(
2( 3
. $7)50 ! < I . $7/)"0 (
' 1
= 'C)8<( O 'C88<>
I* +*_ * + * ’* *
* o 6 . +
6 . * * IR * Bl; $)$< 6
*+1 . * + 6 * * * ’* *
* 4 1 * * _ * B 6_ *
* % 1 6 . * . * % P _ *
* ’* * % / * B| - *
1 +* * * -k %
1 6* / 1
* * * * * -k *
* |<1 * * 4 * *
BIL* *6 + * 4% Bl
1= * 6
16 6 - 6

##



L $TNT0 *=(1>

7$8 *- * K

?**

+ %1
* 4

*%k Kk _ %

;*=( >IN

'C)7<( O 'C88<>

Cé<( O

C))<( O

#F



6 * 1 * * 6 * 6' *
1 - +7 * - I
$)G I* * - + * ok * 6
0O -.6+ *+
D(( bk
{ DING%1"&6
G(( /“D N&?(b
o 3(( .
N &((
%((
)(
( .
)1G % %1G & &1G
2%LE% /,3
. $7/80 ! /
I* - 1, 6
| 1 $)D * 4 % _ *
- * 4 % * -1 *
*o- 6- * ; N)((1
I NGG(O< I* ) ) + 1
0. -** Q1 * 6 + /
* o+, 1+ 6
1 = + / - - +1 *
* + - 6 _

F(



. $7N60

(1%F

(1%I|

(1%G

X

(1%&

y /4
//
y/4

(1%)

(DF

-

1)G
X

/N

6

$( G(
2( 3

D(



GO *
y - :9%0&W
6 *

* . 6-
T$B ko
!*

* o+

+ /

6- *

* *1*

F%

. $7)GO



(1%#

(1%D
(1%$ ——7‘74:—:\:!\____
o (1%%
N (1% \\
Q)# <> 6
(1)D , Ne
(1)$ | —= 6
(1)%
X &( G( "( F(
2( 3
.$7)90 (" = 'C88<0
'C)58( >
|* 6 6 * *
6 Il + > R
* 6 6 ,
7%6 *k ok _k ok Kk QO
* O * 6
* +* * 1 * + ,
* _ 6 I1* + 1 *
* 6 * %

s (0/kg-K]

. $7/'<0 ! /



k% x4 xp 16 * 6
x4 % 6
6+ ( )WL6 * box 145 *
0 + * 1
P . ] -
(1&G
(1&
(1%
I 1% — ;6(\’\ N
(e W ($(6 \:
@ —a- (6
e D(6
(
( 1) (1% (1& (1$ 1G 1D
213
. $7/0 |
S x

7$G *xr-*x ¢ J & * *&&

1* ’ 6 *
I* * % -1+ * G 6 *
6 + 6 + * 6

F$



' 6

6

. +
6 *
2 *

( #
$ %& * *
1 , 6
1% * , * *
- +*
* % - +

(1&G
(1&
e
0 (1%G —T"
(qV]
==
(1%
1)G
=
(1)
( 1) (1% (1& (1% (G
2/3
. $7/'50 ! 'C

)7<( O 'C88<D>

(1D

FG



4 &
* 6 6 . * - . 6+ 6
+ * * *
(1 6 * * - I*
* * - * * * 1 *
* 1
* + * * ,* , 1 *
* 6 3. 6
> * * 3'* P *
* - 1 -+
* 6 + * * 1 *
1 * 6 _ * _
+ * * 6 * + *
- 1 k]

* * 6- x4
> - . * -
* *1 * 3' + * *

+ 6- + - %
6 * *
3' +* 6 * * ,
* *
$ %$ - - 3 N)6 S
I NGG(OS N&(®6 < $ %G -
3 ; N)(6 S! NGGOS N&®6 < x4 * -
- * - - ]_
* . 3. * 16 *
* - - F(Ww1 *
- * - + * *
(a +

FD



(1%#
1%"
S (%D
A%G
(1%$

(1%8&

I 1 (
b= < F(W

¥

&(((

T

GI(C (€ FC NC &I e )«
* + 2%:E3

+ = 'C)<<( O
'C88<D O Cb<( >

!* * _*+*+1 6* 1 6 . *

(1&&
= (18&%
%)

s (1&)

(1&
(1%F

cycle effic

~~
s
>
$

(1%"

=i 1

(
\
N = (Y

o

&(((

.$7/"80

€ (G (G ((Quw) [ (G T ((Qup e ((QRPA(
* + 2%:ED 3

+ = 'C)<<( O
'C88<D O Cb<( >



1* + * * +
, * * + -
* * _ *  _ * 3
- * 6+ * +S+* 6 .-
* *1 * * - 1 +*
* - !*
* o+ 6 1 *+  $%D
(1($D
(1($$
0 (1($%
N
1
(1(&#
(1(&D ¢
( G((( )(((( )G((( %((((
+ 2%:ED 3
. $7/"BO (
+
7)< +& &
1% - * -1 *
* + * *
. &((W1 -k
+ * 6 * -
- 6- * $$
1, = * I* 6-
* * 6 6 6_ *
- * + + * +
- - 16
1 - 6 S L7

F#



&GW

e
™
(L{-l Y%GW,
%(W -
JGW -
YW -
GW-
(W -
dée, T b T
@ ’
) @Q é’? I
& & ’
eco@Q ‘O\Q’e : I
k boo \Q/?/ < T
o Q}& I
@Q\b & ¥ 4 |
9 ) J\
&g S @Q .
- *Q;}b \:\Q,OO ‘<>\Q‘"
& ° o
( . \6@}‘\ @ka
' o
&
&
&
| . C8<<D
B - O)=<(
*



)(

4 * - * 6
* _ _ 1 * *
- IF 5C
* 6 - 6 *
* 1+ * + *
+ - * 1> + + /
6 * - - -- *1
* 1 +*
!* *
I* * 4
, 1 * * * 6_
, 6 *
,6 * <1 _ * *
’ _ *
’~k < * 6 *
* + / *
_ * + * *
*  _ -1 * *
1* * *
4 wb 1 +**
+1 *
I* * +
6 + + 6/ >
,* *
+1 +
* * + 6 /
* 6 *l+
* * *
) 1 B < Ix
*
! *+* *
* + *

6



|* * * -6
+/+* - I 6
- / * 6 + x> %
i * /| 6 *  6*
* * * + -
* 0 X
* Bl o+ - x 1 =
+ P -1 5C 6
+ * % - _
* * N
1 -6- -1 * 1 * C >
5 6 6-C + - L$%M 1 *
6 . * - 5C1 +* * 6
* * [-16- /
* * * * * *
1+ * * * .
' * * , 6 + * % *
* * *1 % .
* > * * % T * = 6 + *
* * % * % >
I* > * x> 4 ok
* o> . 5C ;5C <1 +* *
6
ibE  bE <o EECS g grogs G)<
+*  E; E< Z 4 + * *
> 1* 6 * *
5C I* + 6 +6 - 6

)0



)(%

2753



_ _ % * * 1 0 _
- * -L0O ;& &$<M
. $8/"0 ( 2)"3
!* * * * *
.5C * D((
«EECG v ETEEC tiRt ¢rmME Fet'e ¢r"E 'G %<
+  E * L$$SM
LI * % 6 / * % 6 + P
+ I* + - + ¥ -+ . F(O<1 *
I* * - *
* + * * 6 + +
Cio  4a f.xt i.q Fl6® PNEEC, .
£ gro — ; ‘ (——-C1 ;
£ &"6#> C AA LS T c BRIECC C G &<
+* * + *1 * . + *1 *
6+ P + * * L$GM
* * + *
* 6 * -1 . - ,

)(&



5C > * 6 *1
6 oo 5C1 6* * 5C
* * 1 0 -
8$" +*#
8%"%) +# &-
! - * * 6 * Y"(
6- * + - ''3 L&Y%M
o+ * 6- K, ,
6 L&&M1 . * 6 * 1
+ * * 4/ *
- * 6 , -
* * + * * 6 * -
* 4 * % 1 * 6 6 * - *
* 1 + 1 -
> 6 * 6 + 1+ *
*
] 1 +1 + /
* * * % _
- , 1 * * * _
6 6 + > + + 1
6 . * * % |%
6 + * + 16 G)
(8)o0 ( = C88<D1
Co7195( 1 C7<(1 CBG<1"% E1 C)<<c< >
Zsg
> > ##18)D (1G)F )1FFF
I+ ##1D&D (1$GDH(1G"# )1&))H)1D%

)&




6 -1 / * 1
6 + 6 * *
* 6’1 * + *
* * + * *1 * - * 6
* 6 * * 1 + 6
* 4 * , *|* _ * 6
*+  G&
#F

’ \
#( >
"F
( G((( I(( (¢ %o(((( %G(((
23
. $8/50 ( ( = C88<D 1
C97176 (1 C7<(1 CBG<1"% E >
+ ¥ * 1 - +
1+* - 6 -
+x o - 6 * -
- * HGW<1 ¢ 6 * 6
b, '3 *+ G$
*+ * 6 6 6~ 1 *
1 * o+l
* _ * * |
+  +-

)G



)(D

. $8/80



8%"$" +# .. &-
> N3 7 1 + + . *
* 6 ! 1>
6-1'3* 6 J’

8%"$"$) * -P J &&

K | 6. * 6 ,
, 1 6 6 * *
6 * o - 6
* + * * *
* 4 ** 6 6 6
4% ’ *  * * .
- 1 1 <S * * *
* * * + / + + *
6 * 6 1+ 1 < *
6 * * 1 * *
6 * 6 -1 * 6
* 6 6 *
. $8/B0 ' ( 2553
-1 * - 6 * 6 *
+ )
u'-. D&M BH)(&6#H> n>-"@F O ("MH/* ;G $<

0@-)6# . gl BH) (&6t h>-"@F ("

)"



|*

)#

0 . *

S
-* 6
* 6
* o+
*
* *
* +1 * 6
] _ * * .
16 *
6.
*
11+*
)< -6
0h<
&< 6 -
$< * 6 /6 *
G * 6
D<

+ /+ %



|*

1+** 6

6 *
* 6 6
*
6 * 6 * s
* 6 _ !* 6
iz N . s
6 6
0@-)6#/ 0O-"@F UU-"@F; | .G D<
* 6 . 5
) ! - * 1
* x4k x kg
* _ * .
o 1131
1 6 N
i 1T1 + *
* ’ * 1 \ s
< . + 6
A Agsorpe U Y G "<
) 1 * . x
* * 6 * L .
* !* * 6- . .
* * -1 N . 6
S CE-"0 - CF G #<
* 6
T < * + 1 + |/
6 * + - +

)(F



* * + / *6 6-* +1
** 70
Bi@(-@F : cd @ ;G F<
+* * 6 * * 6
_1 +* * * * |* + /
6 6- * * - * 616
* _ _ * )
crars —p G)(<
* * 0 :G D< -1 6 6 * % -
* +/ * +
Bia(  o@)ew ¢! 26 G ))<
| * * * +1 * 6 *
0 + 1
4* % _ * * - -
* * * 1 + +
6 +1"' - * 6 L&SM  * -
* , + * * 6
8$Il$ll$ll . & _ + _
!* * G n !*
* % 6 * * - * 13
. 1 + 6-* 1 +
* * * * 1 * + * *
* +1 +xF
+ 6 * * + +

)



. $8/60

I " * 6 +
1 6 * + - *
*6 * <K /-0 6
* 6 * * * 6 * |*
* * * * * * +
* * 1 * 6
* : 1 . *
<1 * * *
6 - - LO.G#<ML * 6 6 1
o -~ LO;G"<M + - <
Peworrer o AESe tEe@uacero Eaven Mol s 5 <
a IxNEwpsxax]C JEAESC G )%<
Ol F JEAIN;Jukd JIxNE3xax]C ASqC
s * 616 T
* + 4 * N
. * + +1 . * * , *
6

))



* +*
* *
*/
+* * *
6 +
* *
+ * *1 4+
*
* */
+
’
*
’
*+ *
I* -
* +
* +
* 4
6*
; -

)%

1* 6
+ * *
1 +
+/ P 6 +
* + .
1
* 6
+- *, .
+ + * 4+
* + * *
! (1 (<1
6 1
*
* /
* * / 1 +*
6 -1
+ *
1 *
<

*[ ]
*[1 -1
* + +
!*
*[ 1
*/
+**
* 16
* +* *
* */
* +1
G# * 6
*
* ?*
+*
* * 6
*  _ *+/



)1G

)
>
(1G < alliF
o /
~ ( '3
X %( &( $(( G(( D(( («(
(1G
X !
) == ND(((
)1G == NF(((
% J N)%(((

%1

% -

!
)1G
)
1G
I %(( &(( $(( G(( D(( "((
2% E 3
. $8/GO ' = C88<D1 C)<(1
CB<<% E >
* 6
+
. PZA <+
&6 6" ( T, G )&<
* _ + / * 6 , 1 *
6 6 1 * 1

)&



;o Fo. ;G )$<

4 -, * 6 + *
* +1 6 *+ . 6

S C [ CS L * 6 *

* 61 , 1 6 -

6 +
I* 1 * _
, 1 *J * o+
6 /

2/3

(1G 7 // -
1ty .
(1G)( ( / / ( (( |

! == N
| i == N)(
N)& 4

%1
%1&
%1)
)1F

g
)1G
)18 < a
)1)

- (1F
1"
(1G

)( &(( G(( "((
2% E 3

"
~ad
T
S

. $8/90 ! ( = C88<D>

)$



2/3

2/3

R
DY )H—F**M-

(1#

(1D

(1%

(1%

1$ (1G

1D (1" (14 1F ) 1 )1%

(1%

(1% /
o [

(1#

%l TTTTTTTT]

%1& == N
%1)
)1F
)1

== N)(

et N)&

)1G

)1&

(1F

w

(1G
(1% (1G

. $8N)<0

(1D 1" (1# (1F ) )1) )1%
E, 23

! . $ 8/9%

)G



8%5

*&&*

I* * *
6- * *+ 6 1
* 6 * 6 1
6 * " 4
' -1 -1 6
P8 * G)< * * 1 , *.6
+ 1
1
. Le % G )G<
* —
Pes
$Pe :G )D<
b* al
7
100 =7
% e
30 —
5 10
=1
g
€
E 3— VY, ial flow 4+——
o Ns = w34 I
5 ad €h-mox.
@ - & ~
L o N4
06— N=rpm —+— 1615
Vi = 1. ¥sec. Piston pump %%\
031 Hyg= f1.1b/ib ‘ i Axiol
D=, | wmpa
| | D R
0.1 1 "
0001 0.003 0.006 0.01 0.03 006 0.1 3000 6000 10000
N=1uvuu rpm N=3UUVU rpm
Ns = 107 Ns =322
.$8N) 0# 1Q 1 !
$#
= I)<<<< b<<<< > 2583

))D



* _ % <1 , + * *1
* *  _ * , -5
* 4* * * 1 * - _ * 4
6
+ 6 : *ox Gyp -~
* - [ I(((
1 6 *++ 6 - 6 #GWI1
) G1
(D"G &G& H * =
* + * * _ -1
1 + ? ¢
* 6 + 6 * * 1 *
PR L ) *
1 * * * 6
* 6 * 6
* * * * _
1 +- * =
*
4 * * * * 6 1
6 *+ I + /
* * 6 6-> C 6 -L&DM *
1 *-*.6 -
+/ + * 4 % * E3 6 *
1+** + * + /
! +* * 6 * 6
6-> 1 6 +
L&" &HM * + .+ * - 6 /
* 6*. * !*
6 * *. * 6 +~k
* 1 * *

)"



G )%
.$8)"0
4 x6  *
6 *
6 1 -
*
6 -
* _ !*
*

)#

/16- 1 6
=&
25B3
1A 5- 6- L&FM * .
* * *
6
+* * 6 1
6 = !*
+
-1
. al:
e
D& LO &g as
vE &1 At EEv.'éc'
&0 &
éf‘Ai EEVié(Z
e

+1

G )<

;G #H<

;G )F<



. $8)50

*

*

&

2593

* 4+

- * %
*6* *
* -
+*
6
- 6 + *
+ *
!*
*
+* P81 6
- 1
+*

)F



+ -1
* * -1 +
G)$ *+ . *
* -1/
* ;$(6 $“O < +
%1" (1#D
%1D————
%l - (1#S$
%1$ - (1%
%1&
S %1% “ (# T
%1) )
% 4 ——6 _\ - (1
)AF .
" [ = (1"D
NE g (1"$
&(( $(( D(( F(( N
2%E 3
. $8/)70 = C76D1 C7<
(>
8%7; J; -*&
I* 6 16*
1 = 3
* 1 + * * +
* 3' + * * +1
-nqe 8- gren Vo G %(<
!* 6* * * - * %
* . 1 * 3‘ . * *

)%(



1 *C
61 +** + * 1 *
- 6 , ’ *
+ - 6 * &1 + - *
* * 6 * LO
& ))<M I* * % _ *
- 61~ 6 * - -1 *
* + T % - -
* C 6 * +
6 *5 0 L$FML +* = - 7, (#
bc riaRs ]V jkn & :G %)<
' y 1 * C 6 *
+ - 6 B L$FM
be ] jk>lE ” G %%<
+*or * - 16 G%
( 80 ! * A
($% (1&#G
$ 3( (1$DD
$(S((C (1D)#
S (H#(G
P - *C 6 * - 1 6 1
-1 * + I* , * + 0
G F< + 6 ("1 +* * * 4
C
] * * . 6 , _
+ * * * + 6 /16 * *
E+ = * o+

)%)



* ;* * + * 6 <1 +
+ * * * 6 6_ *
* 1 [ -6 LO ;G%&<M 3
LO ;G%D<M 6 *

;G %&<
re B2ac ?eCre b £0F?% P@Cero
4 * * x 1 * * 6 I 4 %
+ -6 - 16 *
4 o/ * 1 6
* _ * 4 -
* * 4 % 6 .1 * + 6
* 3'1 * * 6
|* * 3' * * ,* 1 +*
1 * *
’* 1 * * * * - * +
6 6 * ?* * 1
* g 6 * 6- * *

. R { «, n y f In{ vy , n 4 f }
/Ea < <
od 2., %y f EO G %$<

2

>2¥¢','th

YA+
a- s 0 G La. ‘G %G<
a-go Yead-«mo ¢ :G %D<
1 * * _ 1% *
* 2 * * 1
T »Fy G 0/
- ll<
SNA + g ! 0

)%%



* * Bl
| hogy  Uebl e $Pss & Cpmo e ;G %o#<
C (&6 6 * 1 )
6 4 % " 1+
)G(/
8$8 *# ,&
1 * 6 , * +
6 / * * o * + *
1 + * * + 6-
* O 6 *
6- * H, * |
6 * - 6 * 6 *
- 6 * . * 1 * * ,* 1
* 0 *G$ - ,
] / *
1 + 6 I* - 6 6
+* * * _ % 6 * 1 *
5C ,5C <1l * * 5C - / *
* 1+ *+ ' 5C
+ * + * * > 1 *
|* + * + *
* + o+, 1 *
* 6 * ’+* * + /
< O 6 * +* * 1
) 6 * 1 *
*
I* _ 6 4* *x % * *
* * 6 1 * * *
* + 6 / * 1

)%&



+ * 6 * *
* * 3. 1 *
* * * 61
* - 6 1= * + 6 /
6
D(( 75
\
& 7
$(( //// G
9%(( h Sk
M/I . .
)1G % & &1G
. $8)80 # |/ /

I* * + 6 /6 , >

+ * / * *

> > * +1 * >, * *

. 6 6 + *

+ * > * + 6 /

0 +* 6 * o> 1
* 3'1+***

0 $A I'$

4% + I* 6- * > *

B 4 >, 1 +>
1 +* * 1+ 6
>+ * 4+ * %

1- + + > 1%

)%$



*+ * 6+
+ 6 / +
4 * % _ 4 % * *
6 4 * * * * % L *
* * P I* + 6
. > 6 * 3 -
6 * % ’* !* +
. 1 $
Q s L+ * 6 £
* 6+
% * + 5C *
+ / * 16 +ot+
* * I*
* *  _ _ * . BC +
- * 6 * +
* 5C . 6 * + %
* -5C 6 - - 1
* * . - - + *
1* * * *

)%G



B + *&+ & &+&&

1% - * * o *
* * * _ + 6 /
-1+ % _ * 6 _ *
|* - * * * B|
* S * _ * * 5C
Yy B + EE ¥ 2 NEL 3 (®23
- —= = - = <
8  ELi ¢ ELei @ w *® D)
+ 6/ - / o, -
6_ * 6 + * * * %
* - * * P
gy + nUg, nUg
. 0 <
98 Yoo+ D %
1% - + 6 / -- * 6
- ¥ 1+ * * 5C
" ¢ .
(") ( 8 ¥ gd ,D &<
Cac ibC C-g ¢ ;D $<
* 5C1 + , * o+ *
- * * 1 . *
_1 * - * - 1
Cwac b C-g ¢ vpopr & e ¢ ogo D G<
+*
= Co EECS ¢ :D D<
"FO6! ( Lo € = "FOH" (S S OAE&GH < Q@6 ;

)%D



3Ai ®23

CEl- ( v, D "<
* * _1 + 1
/ * *
* 6_ + * !* +
(F$ 1» -+ *
&L O ;& &$<M
1% o . o+ 6/ -
- * - * +
0 o6t (¢ e (¢ go ;D #<
I* - 6 *
- * * 1 * + ? -
6 +** - ?*1 6 *
* * * +* *
6 * * + 6 _ *
* +* * * . 5C * * + 6 *
*
) Cor-
Usro {Tb¢ -5 ¢ vpoer ¢ ogr (€ ga}GQXELéTéELéT . X ‘D F<
bty -8 ¢ oy Cgor- Cqa- bl C-g &g
+* 5C * * 5C * * *
- * * 5C1 Z , *
1* - -

)%"



B$" & 4 K& * 4

> -1 - 6 -
5C - D)
- 5C
1 ’ * * & *
* 1 * _ * + *
- 1 o * *
* 1 * * *
* Bl * 1 * *
4 % * * _1 *
+ 6 + * * * * * * *
*Bl+ 66 6 ** *o I
1 ,  *.6
+ * * *
* + 1 * + 6 6 *
0o 1 + + I*
x4k 5C . 10  %%(?H "M
* * * >
(1# = 6
1 — -
(1|: . ] 7{/
(1G
[42]
= 4
‘:E' (1%

)( &(( G(( "(( F(( M((
2:E "3

. $B/)O I

)%



* + * > * * B' * *
1 +* * + * 6 *
I* 16 %+ -1
-6 - * *x * 5C -
* 6 * O
1 * *
+ 6- * * 5C oo+ k%
+ * 5C * + 1 * *
+ I - 3 * % * * ’
/ 1 Q
* * * 6 * / *
* _ % 1 -
- * Q - - * % 5C1
0 * * 6 * * * 1
+ * 6 + * *
6 * D% *+ * - * 6 1 o+
* 6 * . 1 *
)% &1G
X &
™ - %1G
# I
N L% Q
D s
- )1G
$
~ —&— 6 )
% —— - -+ (1G
( - . . - (
DI( &(( G(( (( F(( N((
2:E"3
. $B/MO (

)%F



+ - * 1 *
-1 *+ D &
(A#F
=t
(At
Q (s i 6 0 —
N
T (1#D -
(1#G +— . . . .
(1#$ T T T T 1
DI &(( G(( "(( F(( M((
2.E"3
. $B/50 ( (
' * -1 % * *
6+ * 6 * P +1 / * 6 *
6 . - * 5C . D$<
I* 6 [ * - 6
* 1 +* * * - * *
-1 6 DG
(1#F
(1t
@ (1 —=— 6
N —r—
T (D —_
(1#G S e e —— ——
A
(1#$ T T T T
DI &(( G(( "(( F(( M((
2:E"3
. $B/70 (

)&(



* *  _ Ql + * * §5C *
* _ *  _ 1 * 4
*, -6+ 17 - * Bl % <
+ 'Rt DG * , +
5C * -1 * *x % ’ _
*
(1&G- _
1&& = = - —
(1&) /;
S T~
I -
(1%F ______-"
—_‘_:.:—— ————— -5
(1%" =
(1%C T T T T 1
DI &(( G(( "(( F(( DI
2:.E"3
. $B/80
I* * _ -
* _ * 4 DD 6 * 4 ox _
* - + - * - 1+ *
R ) %W
N + * 1
* 4x x % + Ix 0
* - 6 + * + - 1 +**
**5C . 1 * 5C X
D G<

)&)



)%(((
(¢

#(((

D(((
2

%((( 1

. $B/BO

)&L(W

)%1GW

)%1(W-

))1GW -

NIW -

. $B/60

* *

D# *+

1+**

*

*

* 4+

5C1+

*

5C1

1*

* 5C1

)&%



)D

—4—5C

- 5C

%(

. $BIGO (1> =( >
I* + 1 + *
. 6 * )1
16 D)
( BNO
5C 1 COL M Z 1. L. Z. Z ?.
L?H M| ~ LWM LWM| LWM LWM | L ?*M
%S 90)%GS | D(#& | "&G(| %#()| )%G% "(&OD
%S %J%G(S |D(#& 'Y & %D |)$%) |'F H%F
% G#  Y%&GHFF | G%"G| F)$D &&1%" )D|(G B'¥)

)&&



)&$

* * * * + 1
* - - * + 6 * 4
- - * *
1 0o+ x4 I*
* -1 - 0 * *
> 1 + * I*
* - *
1 * % _ _ - *
* + * % 1 + * 3
’ * *
* * 4 1+ * * - *
_I1* * ok - 6- *
* * + /1 *
6 * %
* * _ * I* 6 -
* % * S * 6- *
* * x| * .1 _* *
-, 4 * ’ * 1 *
Y A 1
* * * *
* B * > 1 * x Kk % 6- *
_ _ 1* _x % I
x - P 1 6 +*
* , 6- * *
1/ * * 4 % - -
* k x4k X 6 - /
' 0O 1 * _ * * * 1
* + * *
* + 6 * 1 *
* P 6- * *
?2- * * - * 6
' * | * - _ + _*



* *
* 1
P 6 1
*6  + -1 +
* - - * *
_ - 6 * %
*’ E
6 Loox
.1 - 6 * 6
*
* +>* - *
* *
* * _ * 1
* .1 * * Bl
*>1 * * *
+ 6 / - 6
* -
* , *1
* *
* * |

Lo 6
1 * *
: D((
* - + * - +*
* - * 4 + 6
6 . *
!*
11 * &(6
+ - + 1 *

6

.!*1*

)&G



6
*
* % 6
* *
* 4
*
(1#
(@
(1D
(1G
®
N 1s
(1&
(1%
(1)
(
. $B/90
!*
1
* 6

)&D

+*+* * G !* *
* 4 D F1 * o*
41, 1 *
* * I1* .
6- * -1 6- *
* BI * 1 * *
* * * *
5C I * +x o
1 0 - +
—— ()
>
— T NTGG([ C
= = | ND(( (¢
= . <l 'NDG(O
/——-—e_-_‘!-_. _____
~ o °
/ " .
77
%(( $(( D(( #(( )((( )%((
2:E "3
|
* 6 6 . * 6
* % 5C +ox ! *-6
* 5C * Lo
-1 * '+
* 1 x * + 6 *
+ 6 -



- + *

- ks D 6 6 . *
* - ! DG(O * + - * * *
* 1+ . -1
* * * % - +
* 6 GG(O 4 * * * 14+
* * 1 6 * % * * 6 * * 6
1 6 * -
)%6(( (1&G
)((( - (1&
" .'I\ L (1%G
o 1% S
=D
S / 16 ¢
$(( r )
%(( - (LG
(- HHRER (
( $ # )% )D %( %$
)%6(( (1&G
—8-5C
)(( — > GG(C [ (1&
"""“‘“ —h— > D((O
I - (1%G
#(( > DG( (
L | - A% g
& r’ BENCE-
$(( )
%(( - (1(G
(- FHEERE (
( $ # )% )D %( %$
. $BN<0 [/ =(!>

:(>

e



I* * * _ - 1 *+
D)) 5 + * % + *
6 * * * + 1* * % +
. + 1 * +* * % *
6 *_ L 6 *  *
* 6 GG(O1 6 16 D %
(1%G
m!,GGO
(1%
® (1)G
N
2
1) -
(1(G -
( i
.@0"
$B/)0 [/
1 * , * _
* . * *
1 + * * *
( BI"O
I 5C S Z 1 7. Z 1. Z ?.
LOM|IL?H "M L "™ LWM| LWM| LWM| LWM/| L?*M
GG( %$" | %%NGSD(#& | "$") | & WD | )$%)| "FH#%F
D(( %$" | %%D("( D(#& | DG"D| &$#D )&FG #) &#&
DG( %3$" | %$#DIGD(#& | D((& | &"#D| )&#& #&F'&

)&t



)&F



* + /1 * 44 - -
+ * 6 * + |* -
-+ 4 K gk
. * -6 *
6 + + * * 4+
' -1 - +
6 - - |* - *
1 +* * * 6
* I* 6 + * _
* * 1
6 6 * 6
|* * - -+ * % *
J * 5- 5 ,* 16 +
S AR B n
0 1 * N
+ 1 * *
6 , 1
1 - * * *
6 1 *
+
I * ;- 6
* * % 1
* ’ 6- *
* !* *
- + * * _ *
-1*/ * - Ix
* * 4+ - +
* 31 6 . *
* * Ix * 4+ * ,
0 6 *1 6 * *
1 %(O

)$(



+ * 1~
6 1 *
+
- 1%
+/+* -1
* 6
+
* * * 6_
*6 ’ 6
* !*
J , 1
: . 5C . I*
1 * 5C1
6 *
** + 6+ P +
* *
+ * -
* 1 * +*
* *  _ %
S5 1<l + 6 *
- - *.
+ + *
- * -
+ * - * -
6 *
* *
I 6+ * +
6-* _ G I
6 * * -
* I*
1 ) *
* - - +~k *

6 )% #W1 *

+ 5C

)$)



6* _ _ 6_***"

* 1 +* * * 6 _
* * + * * > * -
- + - * * -1+ *
"& GW "$ "W -1
F) GW * * 1=
+ 6 / -+ - + +
+ ok 6-* | - * 1.

* , * 6- * 4 _ _ *
)G(O * * !* * * * * | * _1
+* * * + * , *

. -1 *
-t ' 6. GG(O '+
+ + 1 * o , D((O DG(O I*
*+*+1 . * - * +
&HW * 1* *
6- o * B! *
6 * 6 *  * _
1% + * % * +1 /
4 o - - 1 * 6
* -
* * | 1+* *+ * 0
* * * + 6 l
+/
1 * * * _
* * + 6 + 1
o - * >+
+ * * l *

)$%



6 +-
P -1
+/ %
1
1+**
*
- 6-
6 1+
-1
6 .
+
*
6
*
*
- + *
6
4 %

)$&



G*.* &
L)M * < 1
6 3. - 1%0&

L%M3 > . C '+6 1
* HH+++ H

L&eM? > 1 -1 | ! 1A*? - > 1 1)FD
LSMAB * 1 # 13'"*. 1)F™

LGM_HH-+++ H

LDM_HH+++ - H

L"M__HH H H 5C

L#M
* _HH+++ 6 H+6H H  k H  kk

H k _H

LFM  * > ->- $ % H&
' % # 1C. 6 %(0)&

L)(M__HH+++ H H-)& HGD"&)

L)M__HH+++ / /H

%M E *15 + 1 (') % #% # 1
% # 1 %(("

L)&M HH+++ * -6 - H H$D(

L)$M__ HH+++ . HGD) %*

L)GM _HH. * H6

L)DM ! 1" * "
" 1C 1%((F

)$$



L'ME > 1B *
1 C>5>1)FDF

L#M 1 1 1 > %
Y 001 201 1 >
K *6 1%()&

L)FM5 E 1 %3 L4500
! 1> '>%0%1)))$ > %)%l [/ *1 I
L%(M " . 6 * 7H# # !

# 1 -1%()&
LM ' 1 '3 # 1'> 1)FDF
L%%M * 1 #l# 1 -

. #1 #G F(1)FD#

L%&M ( T !
"% % %8 "$ 1C 1%((&

L%$MM E *15 + 1% # $ 1 1 %((#

L%GM HH+++ _* - Hk _*

L%DMA 9 1 -!  # 5 1
> %())

L%"M 1 # .
' 1C 1%()%

L%#M E 1 ' ‘#
3 > -1 %((D

L%FM' 66 1'$ 9
$ 1
o1 1 %()&

L&M 1A 9 1A J1  + 3
1> ' >1%(&

)$G



L&M> 6 *1'> 1 9 '
1 1 %())
L&Y%M  *1' * 1 %  # 3 1
! $ 1> 1)F™

L&&MB 1B 1 3 1 1> 1)F(
L&$M ' -151  * 1 , % 3 .

P 1 * 1 K%F'$1 )FG)
L&GM HH+++6 6 * H
L&DM ' > . 1 * # * 7 #

# 1>'C5'1%()(

L&'M? A 1AE*1 5 1 4#
# 1A + >

L&#M5 A | 1
1)FFD

L&FM A 5- 6- 1
3 #

LS(M++

LM+ -

L$%M * HH

LS& M+

L$$SM A 1 #
8

I*

L$GM ' 1 1
& 1 n
> 6 -1%()

)$D

H H k H BH)FF

1 %((D

1> 16 , 1%0)&

) %((GH -&H

13. 1



L$DM A ¢ 14% "

$ # ! "

% 1 %((F
L$M E -15 E -1 "o
%(($

L$#M 3C C)(%)D1 %

L$FM 1 ( :
? -K> 1%(("

LG(M_HH- 6 / H -

7 #

% #

1C 1

A*

s



