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• 317X7=62=5 18 *5=67=71A@8?. 81<A 317X7=62=

  !"#$"%!!&"' - % --  1D74 \ (7A2=1:



  !"#$"%!!&"' !"#%&'(()*%+), !" #$%&'$()*')+,)'%-%)($&$'/() *+,* -./+)01* 234+*,4 5,6 7*8*,9605*: 45*::*+<*,= *).>*<1*, ?+: 6+* @*/:+*89A+9B-9+/C/ 059 6*)451C99+D*, @*:*+< 05945?C<1*,& +* -./+)01* E+9B-9+/C/ FEoptG = -./&@*/:+*89A+9B-9+/C/98*:*+< F!# . . . H# ))2%9G 8*4+*</9+< 05> 6+* I*).*:0/5: 6*9 @*<C1/*:9 F-J*,*:K<01/B:*+9G& !0 1&$23*')+,)'%-%)($&$'/ +* >-1D*,6*, L*:/* 9+,6 DM1/+D >M: N:*,48*6+,D5,D*,OAmin = !" ))2%9>M: B5:4* P*+/089<,+//* 8*+ )0Q+)01*:7*B0D*RS1/*).*:0/5: A-, 90◦C&Amax = !""" ))2%9>M: B5:4* P*+/089<,+//* 8*+ *+,*) T01/9/0:/& ! 4$56$&7%8&($&$'/F9+*<* 05< 609 U59?0<16+0D:0))G
tmin = −25◦C
tmax = 90◦C

 !9 :25$&+82;$2 38& :8)<7/= >$)?@>&78='+A8'>$)() 609 :+</+D* V15+6 45 ?C<1*, +9/ *9 ,-/?*,6+D 6+*@*/:+*89/*).*:0/5: +) I0,B F-J*,*: K<01/B:*+9G +)E*:<C1/,+9 45: ()D*85,D9/*).*:0/5: 45 ?+99*,& 09 <W6:051+9<* V15+6 9-11/* 9- D*?C<1/ ?*:6*,= 6099+,,*:<018 6*: @*/:+*89/*).*:0/5: 6+* @*/:+*89A+9B-9+/C/+) X./+)018*:*+< 1+*D/ FvoptG F9+*<* 6+* 9<0//+*:/*,V1C<*, 6*9 U59?0<16+0D:0))9G& L+: *).>*<1*, 6*,Y*?*+19 <Z<*:*, E+9B-9+/C/9D:06 05945?C<1*,&2+, @*+9.+*1O @*+ *+,*: ()D*85,D9/*).*:0/5: A-, Q◦[9*+ 6+* I*).*:0/5: +) @*<C1/*: #"◦[& \,,*:<018 6*9@*/:+*89A+9B-9+/C/8*:*+<*9 Fvopt] 9<0//+*:/* V1C<*G

*,/9.:+</ 6+*9 6*) E+9B-9+/C/9D:06 EN ^# -6*: EN #'&EN #' 9-11/* D*?C<1/ ?*:6*,&U</5,DO  +* 7*BZ1/*).*:0/5: ?+:6 65:< 6*,  :5B5,6 6+* N*9<?+,6+DB*+/ 8**+,_599/ 5,6 +9/ +))*: <Z<*:019 6+* @*<C1/*:/*).*:0/5:& U11*:6+,D9 60:> 6+*I*).*:0/5: +) KW9/*) ,+*)019 `"◦[ M8*:9<:*+/*,& !B C'=%&7%',2 >$) C=8'>)() *+, B-::*B/*9 V5,B/+-,+*:*, 6*: 2+,<*+/ 45D*?C<:1*+9/*,= +9/ *+, )+,+)01*: N:06 A-, a*+,<*+/*,/9.:*<*,6 bUK !#H'= T1099* `= KU2 T1099* # -6*:\KX% \b ^^"#= T1099* !'%!c *+,45<01/*,& +*9 B0,, )+/ d+1>* B-::*B/*: V+1/*:*1*)*,/* *::*+</?*:6*,&
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  !"#$"%!!&"' !"$%&'$" ()*"% !" #$%&'$()*&+-($&$'. /'01201()*+,-./0  0-2 34 (5*6,-7 89absmin : ";')30; 9absmax : <")30 !3 #$%&'$()*&+-($&$'. 4+)1201 0-2 34 (5*6,-** =>?/55@0-2 pn = 280barAB6*.@0-2 pmax = 350barC 0-235D3)/5 536  E? $F<!$G(5H/5@-5D/5 4I. I5./04I..I/0/5@/4 =/.0I/)*@0-2 )I*<!J )30 )/I !"K LI5*63,.@3-/0 *I5@ M-,N**ID& !5 6$-78))'1-$'%)*&+-O3P&  0-2 @/* Q/23D/R-I@* C34 (5*6,-** L -5@ L1G>O3PI43, ";J )30 6B6/0 3,* @/0 LI5D35D*@0-2 34(5*6,-** 8; 3)/0 5I6. 6B6/0 3,* $ )30 3)*+,-.&

 ! 9+&.7+))&'.%+018 536 = !: /&;'%%<+01 *$) /'01201)*&+-)L04I..,-5D @/* LI5D35D*@0-2* pabs 35 @/0 83-DBS5-5D8 )MH& T/@-MI/0-5D @/* U/0@0N5D-5D*V+,-4/5* )/I 0/6M36,/06B6-5D>

 != >$&%$%2($<<$C.6/+0/.I*6/ W/0./; +65/ =/0X2*I6.ID-5D V+5 ηmh -5@ ηv > W/0./ D/0-5@/.G?/55D0B7/ !' $' FJ Y! !"" !F"U/0@0N5D-5D*V+,-4/5 43 !' $' FJ Y! !"" !F"=/.0I/)*@0-2 =30 $'" $'" $'" $'" $'" $'"43P&  0/6M36, 1) 4I5−1 <""" <""" $#"" $$"" $""" !'""43P& U+,-4/5*.0+4 Q%4I5 JZ;F '! !!< !J$ !ZF $J$43P& Q/I*.-5D 2W $Y;Y <Z JJ Y< Z< !!'43P&  0/64+4/5. ?4 J';< !$J $"" <!# FFJ #$<[0ND6/I.*4+4/5. -4 (5.0I/)*36*/ 2D42 ";"""Z< ";""!Y ";""<< ";""'< ";"!#Y ";"$F$\X,,4/5D/ Q ";F ";Y ! !;# $;$ <;"O3**/ +65/ \X,,4/5D/ 2D $#;J !J $! << FJ #"]-,& =/,3*.-5D @/0 (5.0I/)*H/,,/>O3P& M-,& (PI3,203^. ? Y"" !""" !J"" $F"" F""" F'""O3P& M-,& _-/0203^.2) ? <J" !$"" !J"" !Z"" $<"" $'""
1)  I/ W/0./ D/,./5 )/I 3)*+,-./4  0-2 ! )30 35 @/0 83-`DBS5-5D 8& =/I T/@-MI/0-5D/5 @/* U/0@0N5D-5D*V+,-4/5*+@/0 L06B6-5D @/* LI5D35D*@0-2/* 2355 @I/  0/6M36, D/`4N7  I3D0344 /06B6. H/0@/5&
2)=/I 6B6/0/5 _-/020N^./5 )I../ TX2*9036/ !? /&;'%%<+01 *$& @$001&A))$ !"#$%&'()!$

qv =
Vg ∗ n ∗ ηv

1000
[L/min]*)%+,)-.(

T =
1, 59 ∗ Vg ∗∆p

100 ∗ ηmh

=
Vg ∗∆p

20 ∗ π ∗ ηmh

[Nm]/%0'(#&1
P =

T ∗ n

9549
=

2π ∗ T ∗ n

60000
=

qv ∗∆p

600 ∗ ηt

[kW ]

Vg : D/+4.0& U/0@0N5D-5D*V+,-4/5 C43G 90+a4@0/6-5D
∆p =  IS/0/5M@0-2 C)30G
n =  0/6M36, C4I5 `!G
ηv = V+,-4/.0I*6/0 WI02-5D*D03@
ηmh = 4/635I*6 b 6c@03-,I*6/0 WI02-5D*D03@
ηt = d/*34.HI02-5D*D03@ Cηt = ηv − ηmhG
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 !"!/ #$%&'$($) -(01&2-34 '15 ,-$.5FM9 ()*+,- 2-340*/056-10 )* 5M9)DM*8,.09 I,/0 A@..0*&Y+098,*>,-A+,- /036W <).: $&C90*D+0:)*/-*/0*QZ)*)3,.09 2-340*0)*/,*/1:9-> Pabsmin = 0, 8bar-*809 18,8)1509 -*: :[*,3)1509 <0.,18-*/&\)*;0)1Q Y+098,*>,-A+,- 3J/.)518 L0930):0*E ;0***)0:9)/09 C096-1540/0. /0AM9:098& )0 D-.611)/0 H,-/5J50 5 09/)+8 1)5 ,-1 :03C01,38:9->L09.-18E :,9A ]0:M5 *)58 /9JW0953,^ _ '""33 10)* G ()*8,-58)0A0
htmin = 200 mm K&<).: $Q
C01,38:9->L09.-18
∆ p = ∆ p1 + ∆ p2 + ∆ p3 ≤ 1− pabs min = 0, 2 bar

∆p1Q  9->L09.-18 )3 NM59 :-95 <015.0-*)/0* :09O.@11)/>0)8116-.0
∆p1 =

ρ ∗ I ∗ dv

dt
∗ 10−5(bar)

∆p2 Q  9->L09.-18 :-95 /0M:68& \J50*-*80915)0:
∆p2 = h ∗ p ∗ g ∗ 10(bar)

∆p3 Q I0)18-*/1:9->L09.-18 G`9@3309 08&K
ρ _  )580 G>/%33K. _ NM59.6*/0G3K:L%:8 _ H,-//015;)*:)/>0)816*:09-*/ G3%12K5 _ \J50*-*80915)0:/ _ O,..+15.& _ aE'! 3%13
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C C C C n = 1500min−1DDC n = 3000min−1

 !+ #$%%&'())$ +*
C C C C n = 1500min−1DDC n = 3000min−1

 !, #$%%&'())$ -.
C C C C n = 1500min−1DDC n = 3800min−1
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( ( ( ( n = 1500min−1))( n = 2000min−1

  !"#$"%!!&"' !" % **  +,-. / 0-123+4



  !"#$"%!!&"' !" #$%%&'())$ *+,

( ( ( ( n = 1500min−1))( n = 1800min−1

  !"#$"%!!&"' !! % **  +,-. / 0-123+4



  !"#$"%!!&"' !"#$%"&'("))*+,"+ -"++,#.))" / ()*+,-./012-34 567  63+89:/;<;2 8,!$=  -21726;?.9-./012-34 @""= A13; B;20C.61764-34 <;2 D;2.7;EE-34 !""! #

$%&')*  $%&')* +

  !"#$"%!!&"' !$ % FF  6<;C G H;7926.



  !"#$"%!!&"'()*+),-./01,23 456 ()*+78029:;;: <=#$>  ,10615:@-8,-./01,23 A"" BC02:  ,10615:@D> C02: E:1/F-50653,23 G:1H:1-6:;;,23

 !"#%& '  !"#%& (
')**)!)!+) , ')**)!)!+) -
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()*+-. /1) ()*+-. 0 ()*+-. 0()*-12**314..5 !$ ()*-12**314..5 !61) 75-7+-.2)8 75-.*  75-7+-.2)8 1+)9*2)

1): ()*-12**314..5 ;<7 = 2)> ? @5+ ()*-12**314..5 !6 815+- A+5 ()*-12**314..5 !$
2): ()*-12**314..5 !6 )27 +)  75-7+-.2)8 1+)9* 1+5;57@47(@B5**2)85) >57 (7@5+.*4)*-1<**5 2B !'"◦ C57>75-.&
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 !""! $
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