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Wirbeltheorie

Drehungsfrei Drehungsbehaftet Zirkulation (4 : O)
rot (v;) =0 I div(py,) #0 | v, = V(9) rot (vg) # 0 | div (pry) =0 | pua = pprot(y)) [ %v cds = qu) cos(wx)ds (3.20.
¢ = Skalares Geschwindigkeitspotential 2 = Vektorielles Wirbelpotential s s .
= 1'0t(g)-QdA=#Q-QdA
Volumenstrom Wirbelstvoi S?S 5 '& ¢
@ 0 i - ‘ (7.20b) : Reclie-Ela
@ w-4 Laplace-Operator
\2 Wirbelstirke 87 By | O
@ FEtart o
1 Ag) = %+%’?+% (7.1¢
w = zrot (v) Py, | v | 8u,
2 2z T T
Rotation
Allgemein Dichtebestandig Kartesisch Zylindrisch
(3.44) Allgemein Ebene Platte gu_ g 1gv. _ Ou
% z T _J z
0 = 2w = rot (v) Q:(%_E,_g;:) 0= %’jf%—’f
Q = V(div(¥)) - A () 0, = —A (%) g5 L(& (v - %)) 18
(7.12) (7.14)
Wirbelsatze

1. Helmholtzscher Wirbelsatz

div(w) =div(2)=0 (7.22)

2. Helmholtzscher Wirbelsatz

Satz von Thomson/Kelvin

Reibungsfrei & Barotrop

Wirbeltransportgleichung

Allgemein 2D /Rotationssymmetrisch

L
Dt

(%)

2D /Rotationssym. & Inkompr.

w
= .V(v) (7.29
p (») ( )

Dr

dp
Dt

p
S(t)

Reibungsfrei

Barotrop/Inkompressibel

D D Ow U Existiert
= (W) = wV @)+rA )| 55 = 5 1V (@) = vAW)
b an| Pt o (7.32a) . B s =i
' ' Dt ot~
Homogenes Fluid | Reibungsbehaftet | U Existiert aus (7.30)
Biot-Savart Gesetz (4 : Q) RHUR | ,_T,
Vektorform Einseitig Unendlich Beidseitig Unendlich
I' axds r r
=_=-"_= 1= —(1 . -
dv - = (14 cos (ay)) ST
B
g =T a; =0
Betragsform Gerade Wirbellinie
I sin{a)ds | B
dv = T dv = e sin{a)da
Arctan2
( y Gl
st (f) ﬁ"lr E#0 LIV arctan2(x,-y) = —arctan2(z, y)
arctan (4) +7 firz <0,y >0 II
- *7 firz<0,y=0 —arctan2(z, y) + sign(y)m  fiir y £ 0
’ arctan (%) -7 firz<0,y<0 III arctan2(—z,y) =<0 firy=0A2<0
+5 firz =0,y >0 +7 firy=0Az>0
=5 firz =0,y <0
(Bermoulli)
£
Strowlinie: Y = kowsh, Tscost: P+ Z V24P Q& =pg=Pe ; P= kot
Tsotocke: [¥]| = lanmst. Tsoldine :  Steigues tan(a) = -E = koust, =& V= tow(0)

= kg W



Potentialstromungen

Geschwindigkeitspotential Grundgleichung Zirkulation
Definiton Inkompressibel 96 1 . z
, _ 5 (V) + 2 U= P Lo = [vods=n-01  (7:39
u="V(¢) (7.36) A(¢) =0 (7.400) (7.44) 1
b Kartesisch Zylinderkoordinaten Randbedingungen
Feste Wand Bewegte Wand Im Unendlichen
%6 8¢ 8% ¢ 18% 8%
52 T2 T g2 O rar( )Waﬁw—“ % _ B om V(g) = v
(7.51) on 7 .46) o 747 aus (7.50)
Ebene Geschwindigkeiten (7.37) Geschwindigkeitsbeziehungen (7 54p)
Kartesisch Polarkoordinaten Eben (Cauchy-Riemann) Rotationssymmetrisch
_ o6 _ 3 s K 100 - 0 . By o8 _ 109
dr  dy " ar raqb Cdr By " or T raz
By oz T roe  or 8y 8z F 0z ror
Resultierende Geschw. Massendurchsatzg:"ﬁ‘" Potentiallinie Stromlinie

. 7 ¢ = konst. d_y e ©) = konst. (_ig =2
m.l_,g = ptfd?j; = pt (P2 — o1) dz v de u

Gg; ’\P'L(* r) Woor,0) 15h €0 V(¢) - V(¢) = 0 = Potentiallinie | Stromlinie (7.58)

Komplexe étromung

=vVu2+2 = \/02+U2
E?n

Komplexes Geschwindigkeitspotential

Ebene Translationsstrémung

Ebene Winkel- & Eckenstromung

(7.68)  F(z2) = F(z +iy) = ¢(z,y) + iY(z, y) F(z)=a 2= (a; —iay) - 2 F(z)= %z” = —7r"(cos(ng) + isin(ng))
0 ; 4 . = a
Geschwindigkeiten | Druckverteilung ¢ =012+ ey = 1" cos(ng)
: — : @:aly—agw ‘ (771)
(7.66) L P2 2nmy) % = 217 sin(ng)
' By | PTG n
(7.69) w, = u—iv= =3 (7.74) |w| = Iaz”_l’ = |a|r™ ! (7.72)
Feste Wiinde % <n< 1 )
» k=1,01, = ':':'
» f
> |
¢’k,n = k% - [
C=0 A C£0
€= i ' Stromlinien
" Konkave Ecke
n—1
d=m—e=m 1 e
|£L’| ,rn—l I?,U[ s
r =0 = Eckenumstrémung mit |w| = r=0= Staupunkt =0,¢0, =0
n= % ne=:1 rp=2
¢ () — _ 2.3
F(z) —2a\/_k2a\/_( (2)4-35111(5)) F(z)=a 2 F(z)—zz
a = reell a = imaginir a = reell
YA YA YA
——i—-:—b T ik ——> T !

Ebene Randumstrémung

Ebene Translationsstrémung

Ebene Staupunktstrémung

(7



Skrombht. i8¢ fmogindited(
der lomplexer %{«tmlﬂ.%

Potentialstromungen

Komplexe Stromung

Singularititentabelle

¥or Wonburlne e Vet~ kA4
Komplexe Skalare l rae Ll
Geschwindigkeitskomponenten 2
Potentialfunktion | Potentialfunktion Stromfunktion v v -1 e 4 i
* s n : *-' -rﬂ a !
Bezeichnung Stromlinienbild B
F(z) #(z,y) U(z,y) v (2, y) vy(z,y) vr(z,y) vp (T, v)
F(r,¢) é(r,¢) P(r, ¢) vz (7, 6) vy (7, @) vp(r, @) v (1, &)
Translations- UeoZ LT Uoo Y Uoo Q Uoo ﬁ —Uoo e
stromung -
in z-Richtung UgoTEF UoeT cOS(0) Uoo T sin(e) U 0 Uno cO5{¢) —Uoo sin(¢)
Translations- — Voo 2 Vool —Voo T 0 Voo Voo \/x3+y2 Voo \/:1:;+y2
stromung ]
T —iveret? Voo T SIN() — Vo7 cOS() 0 Yoo Voo Sin(¢) Voo, €08(h)
Staupunkt-, -‘2%22 2 (a2 - yz) ary az —ay a—x% 76“%:\/7-"’—1,2
Eckenstromung g
a R+ 2r2ei2e 212 cos(2¢) 272 sin(2¢) ar cos(¢) —arsin(¢) ar cos(2¢) —arsin(2¢)
v Q>0 1
Quelle, Senke % = 2%; In(z) 50; In (1 /12 + y2) Eo;; arctan (£) %;i—yg 29; s 5% e 0
Ergiebigkeit P - -
Q#0 S| #Eme+ie) | ) = gatE | pEre = 0
- ¥ r>o . T 4 r Ly r r 1
Potentialwirbel | —i5=In(z) 5= arctan (%) —5=In (‘ /2 + yQ) gl 7= Fj—_ﬁ 0 b
Zirkulation ( % r r sin(e) r cos(g r1
; n(e ()
C#0 e —37 In(r) o= P 0 b
2 2
i —oabk B 3 i . Eooy L __2zy A z £ y
thoi 27 22442 2% 724y o7 (224y2)° | 27 (22442)° |27 \/(a.-2+y?)3 27 \/(1‘2+y2)3
Dipolachse: ) ) ) i) :
¢y COS s1n! COS8| sin -] COS! s1n
x-Achse 7‘2}? 7“" {; ri’ {‘; T - -2% T = _ZE; T 3 ?Zu; r'w
; _u = w_ 2oy |_p _=Poy? | p u =
Dipol 27 224y 27w 22457 27 (22 4y2)° 2r (22142)° | 27 \/(m2+y2)3 27 (22 +2)°
Dipolachse:
o sin(p) __p cos(p) o sin(2¢ _ o cos(2¢) _u sin(yp) _ o cos(y
y-Achse r- 27 7 27 r 2r 2r r 27
- VR Fatent igtadrbers i Ufpzes gealing
W) = d o Proli(gpitre o Aufteied
dx e 0bes Druckuntelichied zv
. E=Q [—} vlieren |
W (e): O s o
Kreiszylinder
Kutta-Joukowskischer Auftriebssatz Druckverteilung
pu:(¢) — P pw ? v 2P SiIl(é} r 2
EF, = Fa=bpu T (7.98) o) =—p5—=1-|—] =1-|4sin () + +
ERiZ, Uso TOUse 2MaU o
= Nur Wirbel tragt zum Auftrieb bei Cp,maz = 1 [ Cpmin = —3
Inkompressibel

Stromungsbild Bestimmen

iz, y)

v

u(z,

y), v(z,y)

!

!

f

Yo,i =

Y ('ID,?.) Yo,i )

[ Usi(m,y

!
) = o

)
}
:8} = Staupunkte T, vo: J
J
]




Tropfentheorie

Geschwindigkeiten
A : Allgemein (7.109) Diinnes Profil (Kérperoberfliche)
dv
- P(x, 1;) dy ! !
a’ d / dys ¢o0
» _ 1 i & — J o l dx (‘r""‘ ) ’
. Ef_ . é‘r K L U(m,y)—Ux-ﬁ-zWD q(z {$?$’)2+J2d1 U(z) =Uyx (l+7r0?( e dz’' | (71
" w7 @ l
_ : 1 y / q(x)
Uz, y) = Uso + u(z, ) . J— o S /o = Tt % 7 [ 7
y Viz,y) o D/q(:.; T dx Viz) 5 ( )
Kinematische Vertrig. Druckverteilung Quell- & Senkenverteilung
Allgemein (7.110) Diinnes Profil (7.114
dy  Vie) U2 + V2 — e e
£ (7.112) p=1— :
% U i Uk (@) = 20 (Use + ) ) a() = 2o 22)
(7.113) G -
Uabs = /U4t Riegels-Korrektur
Druckverteilung Definition  (7.119) Geschwindigkeit (7.120)
Cpymox =7 1
o Uk 2 dyt - Uoo lf %}}g_ (‘I’) 1
cp—l—(Um) K(z) _cos =4/1 + tan®( \r‘l+ $) e (]+71- [ .'Eﬁ.’l’,"dm
(7.121) ¢
Fourier-Ansatz
Definition Geschwindigkeit (7.129) Riegels-Faktor (7.130)
(7.124) (7.125)

- ;;bu sinfrg) | X = é(l + cos(d)) | Ur(g) =

Sm( ve)

SlIl

(oS

T

) K(9) = -\L (%)2 ~

dY; &
+(d¢ 'dX)



Skeletttheorie

Geschwindigkeiten
Allgemein (7.143) Wirbel Auf x-Achse (7.147)
1 Gesamt Induziert In y-Richtung
@) =5 [+ v )
e (& —a'P + (y —Ys (w')Q) de’ | U(X)=Usx + 7(2)()s1g11 Y - Y;) e
o _i i i '
! v 1 (X e 2W9£X—X’dX
v(e,y) = —3 f’r (') 2 > V(X) = Ut — #}Cﬂ—,dx’ 0
T @)+ (v we (@)) de ) X—X
0
Anuftrieb Moment Druck
l Oberseite Unterseite Druckbeiwert
A = pUy b’ M = —b Uqu' z)xdr x
! ) =) Po(2) = Poc — 'gUoc-’Y(:U) Pu(2) = poo + gUﬂ(-’ﬂ) AC, = 2%
(7.150) (7.153a) (7.149a) (7.149Db) (7.152)
Auftriebsbeiwert (7.151) Skelettlinie
9 1)
Ca= = [2(x)a [ AC,(X)dX . ;
Poers YS(X):ax—if”f(X)m X-X1ix (7.155)
2 R X'
0
Momentenbeiwert (7.153b) .
! _ v
i i/“f(X)m . ‘a‘X’ (7.156)
2 2m U Xt
C = ~~U—/'y(X)XdX = —//_\CP(X)XdX 0
Ansatz Von Birnbaum-Ackermann & Glauert
Zirkulationsverteilung Induzierte Geschwindigkeit (7.161) Auftriebsbeiwert
(7.157) .
¥(o) = 2U (AO tan( ) Z A, sin(ng ) %(_il =— (AD + HZ:] A, cos(nqb)) Co=m(240 + A1)
B (7.164 / 7.165)
(7.163)  Ao=a— 1 d};?ﬁ(X ) do Kinematische Strémungsbedingung Momentenbeiwert
71— I
2 a—dYS(X)—A +i.4 cos(ng) &) ——-I(QA +24; + Ay)
(7.163) A, ;f cosnc;b)r;b ax =~ T4t ‘ R Tl e Bl
0 (7.166)
Druckpunktslage Uberlagerung
T A Cm U U Us Us a f d
7.167 —_ = M= % e =g =, B
( ¥ = C. s 1+(Uoc 1)+(UOc 1) (U')o 1) Bed.: —, 3.7 <1
Skelettlinie Transformation
X N 1
Y,(X) = aX — AgX — fZAn cos(ng)dX (7.162b) X =3 (1+cos(s)  (7.1582)
0 n=1
Ya .
U L
—_— ™ 3 e
X,
e
X=0 X=1



Energiesatz

Thermische Zustandsgleichung Enthalpie Innere Energie Entropie
' . d
N ch gl =T ds = =75= +dsir (8.1C
(1.5) (8.9) (8.23d) (8.23c)
1. Hauptsatz Maxwell-Beziehung Spezifische Wirmekapazitiit
8.1) &.1) Konstantes Volumen Konstanter Druck Zusammenhang
de = dq+ dw = Tds — pdv de dp
B v, "ar|, L AP | o, (B2
dg = dh — vdp € =55 o Rl % =3 ey R=c¢y—¢c, (822
(8.14) (8.21a) (8.23b) | (8.21b) (8.23a)
Isentropenexponent Entropieidnderung Isentropenbeziehungen
Einatoming: & =32 = P T FeT g TH \ *=T
k=2 3 |As=Rm|& (E) % = konst. g (i) B (@-) = (—2)
Cv Zweiatoming: k = 1 P2 \Ty p 191 T D1 1 T
(8.23e) 5 (9.18) (8.28a) (8.28b)
Energiegleichung
Nicht-Konservativ ~ (8.39)
D v2 ) ar d ¢ ar 8 ¢ 8T A(up)  B(vp)  O(wp)
o ( *?) =ri+ 5 (k50)+ £ (“a—y) s e B e
HNurey) HNuryz) Nurzy) Aurgy) Avryy) (vrzy) Nwryg,) Nwryz) Awry,)
T & T o T Be T By N ope B ¥ ay 7= T4k
Konservativ  (8.51)
V32 5 vz ) - a kGT) a kaT a kaT (up)  B(vp) Blwp)
a(”(”‘;))* '(”(”T)—)“"”E( 7)oy (Pay) + 5 () - T - o 2w
Autyey) urys) uryy) ANvrzy) Glvryy) F(vrzy) Hwrzz) ANwry ;) Hwrsz)
® da it y * dz = Az N dy G dz g O i Ay 8z tel-¥
Energiegleichung Der Laminaren Grenzschicht
Allgemein (8.77)
8 u? a u? a [ aT a du
pua (c,,T+ E_) + pua (CPT+ -2—) = a (ka) + a (r,lua—y)
Pr=1
Definition  (8.78) 4 Beliebig (8.79) =0 (8.84)
o 2 9 AN u? i u u ()
B Pl ) o B 62 M o W T+ —=T_ =r=1|T =T — (To, —Tw)— =% | —
puam (Lp[ + =z ) +pvay (cpl + > ) 3y (nay (r.pl + 5 )) + QCP 0o T (U) w + . ( 0, W } QCp (Ua)
=0 fir Ma<1
Recovery-Faktor Recovery-Temperatur Prandtl-Zahl
(8.76a)
. 2 : (Taw B 1) - \S/Pr ﬁn laminare Grenzschic%lt T =T, 4+r u? (8.81) pr — M
(k—1)Ma_ \ T. v Pr fiir turbulente Grenzschicht 2 k
Reynolds-Analogie
(8.89) Definition Stanton-Zahl
(8.91) (8.92, 8.93) (8.90) (8.94) (8.94)
; T, — Tw qw oy fiir Pr=1 2y 0,664 Pl
V= Cp——————TW St=———— {2 e = = — Re, = ——
" AT PeticCy (T — Tw) %Pr'g fiir Pr=1 4 peu?  /Re, n
korr: fir Pr> 0.5
Te Energiegieichung Der Turbulenten Grenzschicht (Ma < 1)
& v {AZ) Allgemein (8.104) ey ; Lésung
Doe T = S r=Jow—Te T
o rro P— z
' 5T _dT  k&°T 9(vT) ey o — 7
Taw T —— — — — —— — T=Tw To, — T N 1
Pow ™Moy T o o o N R e B Wl =B, AR

Te 2



Gasdynamik e = 7R =0 %

Massenerhaltung Impulssatz Energicerhaltung Entropieinderung
A(pA)  I(pAV) DV dp Dhy 1p Ds
ol il — — . et ——— == 9.8 = 9.10
TR "Di = s Dt~y Y 0. B
(94 L) (85)
Schallgeschwindigkeit Stationidre Stromrdéhre
ST \/T, Massenerhaltung Impulssatz Energiegleichung
c= Knid = K=
4 V2
m = pAV = konst. / —dp = konst. ho =h+ e konst.
Kritisch (9.12b) (9.14a) (9.15b)
(2.2%0) 5 " " o Grollere Uh(,mkv
Fax. Te ; Adiabate Strémungsvorginge &' g 2
emP blaidt i ehayes Ho
o = RTO ’ o Zreneharhor gleich .. N @toﬂqrtl’
(324b) k+1 V Ruhezustand Kritischer Zustand o very v .
2 i ) N . Mit Ha =4
Lp(z)_hﬂ(l_;)_ 2n+1 Ty _ 2 (043) T e i i B
c* K—1 f() W-'-H’—] hd a 2 Tg k+1
(290 GS‘“—: Brecokameer Jleel, ‘ _
Yo _ E Tt N T s =1 Pt 9 \w1
p_(T) f(1+—Ma) —(ﬁ:+1) — cus (9.20a
S (B~ Ee() e
p 7 k+1
(2.00p) *+ 2 ° .
ho—h+V—@To—T+V— A:i[ ( ! ag)] BT
(8.60) 2¢p A*  Ma 2 (3.26)
AN i - L i _( 2 ) [-E_poar
(14 5iMe) 7D RT, = \k+1 r,70 (8.20)
Machzahl (3.23a) Lavalzahl (8.23 1)
14 v ¢+ 1 K+ 1
Ma = — La=—= |— T M L. =
¢ T S+ (k- )M - K—1
0 0,5 @ 1,5 2 2,5 M 3 Luﬂ:: Lam‘u . 2’ 449
Stationidre Senkrechte Verdichtungsstifle
Erhaltungssitze StoBbeziehungen Rankine-Hugoniot-Beziehun
g g g
P1V1=p2V% P2 _ 2kMa? — Kk + 1 (9.38.0) o =P1;’P2 (i —i) (ESE
V2 +p=pViE + PQ 2l Ftl €998 (P, P, k1)
2 ez
mef=n n__romd, (s | B, O
FQ(’J 9: E%T:_g_ P msl 2+ (k — 1) Ma $ 9396 (LR, e s Mo ' '
v [ 0 ! . y
Y = T, hy VZ  (26Ma?—k+1)(2+ (x— 1)Ma?) BayleighsGerside
_— = — = v——i e 2 3
—» — n h W (k+1)2Maj p-p_ (2)2
- - Ma \/(x—1><Ma%—1)+n+1 Bt A
t = &
‘ 0 2K (Maf —1)+k+ 1{115'(_Hq1,nqu‘?g.” .
Entrol)lezunahme (N+1)K+1 M 25 T P ! Rankine-Hugoniot-Kurve
Poz 3 V1
e = \ A
Ty Po1 [ 1+ 52 Ma3) (kMaj 2 "'7 ] (8.39b) ; A\
s2=s1 = Rin ( (Tl) ) ( 42599‘ g? ( ) F‘i‘f‘lb@’e—-. °um[.kom)\,\‘h(2)
Rayleigh-Pitot-Formel A\
= Rln (pﬂ) Rayleigh-Gerade
Po2 i " e e
Ppitot ’(hgi) = Ma2l ( —
(2.40) mo | (eMad = 552y 2.44) Isentrope S\
AP, Breot, e i) )
" et L




Autrics LijedeTt and
Gasdynamik | Reipiet : H2o  suigase 2.¢)

Schrige Verdichtungsstofe

StoBbeziehungen ‘Stotischer Drvel”
-9 22319 Vv ;(gqaa)_* PP e, Mao)
U V2 = U P2
i TR e (Ma7 sin*(o ¢)—1)
I,G' U ’ 2 Bl
(oms QL) P2 _ w1 (k+1)Maisin’(0)
Ma,, = Ma sin(c) p1 uz 2+ (k—1)Ma?sin®(o)
Mag, = Maysin(e — 0) t (9.44)

(9.74b mit 9.47a und 9.44)— faua (S, kihe,)

Machsche Welle

(9.63)

[ = arcsin (

£947(k,Ma,9,¢) Umlenkwinkel

(S L9
XLV 2sin?(a) —
tan(d) = cot(o) M, b (6) 1

+ (58 —sin?(0)) Ma}

1

T, Vi _papr _ (26Maf sin?(0) —k+1) (24 (k — 1)Ma? sin®(a))
T W opm L s (k+1)2Ma Sinz(g)mt’:ﬁr“rn"*'l?’) Entropiezunahme (Ideales Gas)
AsT~ TP e i 44
57 (Mar, M o',ov :
XLVl Mas o m (1 N M_g}_%_)) sin(o)
Sl ke Schrige Stoflexpansion
P Py Ar Pu . . o 9 # L)
— rmeder Druddeverlust v =90 (937
Po-t .Pi'l 'PQ‘* ’ [Mad ey R+‘]D""U Q’ N '{%T m;‘o (‘Fl,)7;.'k[ Hﬂ"j”‘ Fmb('?—v, 1l k HO'h m‘z,)
(358) 22 (5H2)"" (Ma, sin(o)) T, 1+ 21Ma} pr [ 1+ 52 Ma?
Slvi Po1 (1 + 551 (Ma; sin(o })2) ( (Ma, sin(o))? — '”T_l) T 2= L Ma3 m 1+ "_1 Ma2
£ 968 (Po,Te 2 L |
Offnungskegel > Prandtl-Meyer- Funktion (9 ;qquwk Ma) (;’ s
o Um Lenlivnlded Jann

/O!-r'tmccfa(t%') JH? ol (935)

0= o — py + Aty v(Mas) = v (May) H11s) v(

F arctan (W ) — arctan (vVMa? 1) ® ]

“
i habisdicuintn’s Ue‘m D >170,45¢" > ONMie Lict => G ot belracten,,
Instationire Eindimensionale Strémung &> MA<=¢° Diisenstrémung
Kolbengeschwindigkeit Machzahl b Na=P e, g ' : pers
a) Unterschall-
b stromun,
ﬁ;’ 2 Ma?-1 Md — Ma? -1 1 (2) (3) M B
cy k+1 Ma, 2 1+ 221 Ma?) (kMa? — 5=1 ,m%m
(14 55+ May) (kMa; ) ) iy, P
Plenumkammer Diisenstrahl b)%w
. K 1 0 7
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P A
05238 | 1.33984
95055 1.32117
94860 | 1.30339
94681 1.28645
.94489 1.27032
94295 1.25495
94008 1.24029
03808 | 1.22633
93696 | 1.21301
193491 1.20031
103284 1.18820
93073 | 1.17665
92861 | 1.16365
92646 1.15515
| 92428 | 114515

02208 | 1.13562

91986 1.12654
91762 1.11789
91535 | 1.10965
91306 | 1.10182
191075 1.09437
.90841 1.08729
90606 | 1.08057
00369 | 1.07419
90129 1.06814
20888 | 1.06242
80644 | 1.05700
.893489 1.05188
80152 1.04705
88903 | 1.04251
88652 | 1.03823
88400 | 1.03422
88146 1.03046
87800 | 1.02696
87633 | 1.02370
87374 | 1.02067
87114 1.01787
86852 1.01530
86589 1.01294
86324 1.01080
86059 | 1.00886
£5701 | 1.00713
85523 | 1.00560
85253 1.00426
84982 | 1.00311
84710 1.00215
84437 | 1.00136
84162 1.00076
83887 | 1.00034
83611 1.00008




Anhang B.1

Isentrope Strémung (Ideales Gas; k = 1,4)

Ma La - A X A I v Ma La £ £ i A m v
7 o o 1o A* s po PO Ty A*

1.00 | 1.0000 | 52828 | .63394 | 83333 | 1.00000 | 90.000 | 000 1.50 | 1.3646 | .27240 | .39498 | .68966 | 1.17617 | 41.810 | 11.905
1.01 | 1.0083 | .52213 | .62866 | .83055 | 1.00008 | 81.931 | .045 1.51 | 1.3708 | .26848 | .39001 | .68680 | 1.18299 | 41.472 | 12.200
1.02 | 1.0166 | .51602 | 62339 | .82776 | 1.00033 | 78.635 | .126 1.52 | 1.3770 | .26461 | .38688 | .68396 | 1.18994 | 41.140 | 12.495
1.03 | 1.0248 | .50994 | 61813 | .82496 | 1.00074 | 76.138 | 220 1.53 | 1.3832 | .26078 | .38287 | .68112 | 1.19702 | 40.813 | 12.790
1.04 | 1.0330 | .50389 | .61289 | .82215 | 1.00131 | 74.058 | 351 1.54 | 1.3804 | 25700 | 37890 | 67828 | 1.20423 | 40.493 | 13.086
1.05 | 1.0411 | .49787 | .60765 | .81934 | 1.00203 | 72.247 | 487 1.55 | 1.3955 | 25326 | 37496 | 67545 | 1.21157 | 40.178 | 13.381
1.06 | 1.0492 | 49189 | .60243 | .81651 | 1.00291 | 70.630 | 637 1.56 | 1.4015 | .24957 | .37105 | 67262 | 1.21904 | 39.868 | 13.677
1.07 | 1.0573 | 48595 | 59723 | .81368 | 1.00394 | 69.160 | 797 1.57 | 1.4075 | 24593 | 36717 | .66080 | 1.22664 | 39.564 | 13.973
1.08 | 1.0653 | .48005 | 59203 | .81085 | 1.00512 | 67.208 | .068 1.58 | 1.4135 | .24233 | 36332 | .66699 | 1.23438 | 39.265 | 14.269
1.09 | 1.0733 | .47418 | .58686 | .80800 | 1.00645 | 66.553 | 1.148 1.59 | 1.4195 | .23878 | .35951 | .66418 | 1.24224 | 38.971 | 14.564
1.10 | 1.0812 | .46835 | .58170 | .80515 | 1.00793 | 65.380 | 1.336 1.60 | 1.4254 | .23527 | 35573 | .66138 | 1.25023 | 38.682 | 14.860
1.11 | 1.0891 | .46257 | 57655 | .80230 | 1.00955 | 64.277 | 1.532 1.61 | 1.4313 | 23181 | 35198 | 65858 | 1.25836 | 38.398 | 15.156
1.12 | 1.0970 | 45682 | 57143 | 79044 | 1.01131 | 63.235 | 1.735 1.62 | 1.4371 | .22839 | .34827 | .65579 | 1.26663 | 38.118 | 15.452
1.13 [ 1.1048 | 45111 | 56632 | .79657 | 1.01322 | 62.246 | 1.944 1.63 | 1.4429 | 22501 | .34458 | .65301 [ 1.27502 | 37.843 | 15.747
1.14 | 1.1126 | .44545 | 56123 | .79370 | 1.01527 | 61.306 | 2.160 1.64 | 1.4487 | 22168 | .34093 | .65023 | 1.28355 | 37.572 | 16.043
1.15 | 1.1203 | .43983 | 55616 | .79083 | 1.01745 | 60.408 | 2.381 1.65 | 1.4544 | 21840 | 33731 | .64746 | 1.20222 | 37.305 | 16.338
1.16 | 1.1280 | .43425 | 55112 | 78795 | 1.01978 | 59.550 | 2.607 1.66 | 1.4601 | 21515 | .33372 | .64470 | 1.30102 | 37.043 | 16.633
117 | 1.1356 | .42872 | 54600 | 78506 | 1.02224 | 58.727 | 2.839 1.67 | 1.4657 | 21195 | 33017 | .64194 | 1.30996 | 36.784 | 16.928
118 | 1.1432 | 42322 | .54108 | .78218 | 1.02484 | 57.936 | 3.074 1.68 | 1.4713 | 20879 | 32664 | 63919 | 1.31904 | 36.530 | 17.222
1.19 | 1.1508 | 41778 | 53610 | 77920 | 1.02757 | 57.176 | 3.314 1.60 | 1.4769 | 20567 | .32315 | .63645 | 1.32825 | 36.279 | 17.516
1.20 | 1.1583 | 41238 | 53114 | .77640 | 1.03044 | 56.443 | 3.558 1.70 | 1.4825 | 20259 | .31969 | .63371 | 1.33761 | 36.032 | 17.810
1.21 | 1.1658 | .40702 | .52620 | .77350 | 1.03344 | 55.735 | 3.806 1.71 | 1.4880 | .19956 | .31626 | .63009 | 1.34710 | 35.789 | 18.103
1.22 | 1.1732 | 40171 | 52129 | .77061 | 1.03657 | 55.052 | 4.057 1.72 | 1.4935 | .19656 | .31287 | .62827 | 1.35673 | 35.549 | 18.396
1.23 | 1.1806 | .39645 | .51640 | .76771 | 1.03983 | 54.301 | 4.312 1.73 | 1.4989 | .19361 | .30950 | .62556 | 1.36651 | 35.312 | 18.689
1.24 | 1.1879 | .39123 | 51154 | 76481 | 1.04323 | 53.751 | 4.560 1.74 | 1.5043 | .19070 | .30617 | .62285 | 1.37643 | 35.080 | 18.981
1.25 | 1.1952 | .38606 | .50670 | 76100 | 1.04675 | 53.130 | 4.830 1.75 | 1.5097 | .18782 | 30287 | 62016 | 1.38649 | 34.850 | 19.273
1.26 | 1.2025 | .38003 | .50180 | .75900 | 1.05041 | 52.528 | 5.093 1.76 | 1.5150 | .18499 | 29959 | 61747 | 1.39670 | 34.624 | 19.565
1.27 | 1.2097 | .37586 | 49710 | .75610 | 1.05419 | 51.943 | 5.350 1.77 | 1.5203 | .18219 | .29635 | .61479 | 1.40705 | 34.400 | 19.855
1.28 | 1.2169 | .37083 | 49234 | 75319 | 1.05810 | 51.375 | 5.627 1.78 | 1.5256 | .17944 | 20315 | .61212 | 1.41755 | 34.180 | 20.146
1.29 | 1.2240 | .36585 | 48761 | 75020 | 1.06214 | 50.823 | 5.898 1.79 | 1.5308 | .17672 | 28997 | .60945 | 1.42819 | 33.963 | 20.436
1.30 | 1.2311 | .36091 | 48290 | .74738 | 1.06630 | 50.285 | 6.170 1.80 | 1.5360 | .17404 | 28682 | .60680 | 1.43808 | 33.749 | 20.725
1.31 | 1.2382 | 35603 | 47822 | 74448 | 1.07060 | 49.761 | 6.445 1.81 | 1.5411 | .17140 | 28370 | .60415 | 1.44992 | 33.538 | 21.014
1.32 | 1.2452 | 35119 | 47358 | .74158 | 1.07502 | 49.251 | 6.721 1.82 | 1.5463 | .16879 | .28061 | .60151 | 1.46101 | 33.329 | 21.302
1.33 | 1.2522 | 34640 | 46895 | 73867 | 1.07957 | 48.753 | 7.000 1.83 | 1.5514 | .16622 | .27756 | .50888 | 1.47225 | 33.124 | 21.590
1.34 | 1.2591 | 34166 | .46436 | .73577 | 1.08424 | 48.268 | 7.270 1.84 | 1.5564 | .16369 | 27453 | .59626 | 1.48365 | 32.921 | 21.877
1.35 | 1.2660 | .33697 | 45980 | .73287 | 1.08004 | 47.705 | 7.561 1.85 | 1.5614 | .16120 | 27153 | .59365 | 1.49519 | 32.720 | 22.163
1.36 | 1.2720 | 33233 | 45526 | .72007 | 1.09396 | 47.332 | 7.843 1.86 | 1.5664 | .15873 | .26857 | .50104 | 1.50689 | 32.523 | 22.449
1.37 | 1.2797 | .32773 | 45076 | .72707 | 1.09902 | 46.880 | 8.128 1.87 | 1.5714 | .15631 | 26563 | .58845 | 1.51875 | 32.328 | 22.734
1.38 | 1.2864 | .32319 | 44628 | .72418 | 1.10419 | 46.439 | 8.413 1.88 | 1.5763 | .15392 | .26272 | .58586 | 1.53076 | 32.135 | 23.019
1.39 | 1.2932 | 31869 | .44184 | .72128 | 1.10950 | 46.007 | 8.699 1.89 | 1.5812 | .15156 | 25984 | 58329 | 1.54293 | 31.945 | 23.303
1.40 | 1.2999 | .31424 | 43742 | 71830 | 1.11493 | 45.585 | 8.987 1.90 | 1.5861 | .14924 | 25699 | 58072 | 1.55526 | 31.757 | 23.586
1.41 | 1.3065 | .30084 | 43304 | .71550 | 1.12048 | 45.171 | 9.276 1.91 | 1.5909 | .14695 | 25417 | .57816 | 1.56774 | 31.571 | 23.869
1.42 | 1.3131 | .30549 | 42860 | .71262 | 1.12616 | 44.767 | 9.565 1.92 | 1.5957 | .14470 | 25138 | .57561 | 1.58039 | 31.388 | 24.151
1.43 | 1.3197 | .30119 | .42436 | .70973 | 1.13197 | 44.371 | 9.855 1.93 | 1.6005 | .14247 | 24861 | 57307 | 1.5932 | 31.207 | 24.432
1.44 | 1.3262 | 29693 | 42007 | 70685 | 1.13790 | 43.983 | 10.146 1.94 | 1.6052 | .14028 | 24588 | 57054 | 1.60617 | 31.028 | 24.712
1.45 | 1.3327 | 29272 | 41581 | 70398 | 1.14396 | 43.603 | 10.438 1.95 | 1.6099 | .13813 | 24317 | .56802 | 1.61931 | 30.852 | 24.992
1.46 | 1.3392 | 28856 | .41158 | 70111 | 1.15015 | 43.230 | 10.730 1.96 | 1.6146 | .13600 | 24049 | 56551 | 1.63261 | 30.677 | 25.271
147 | 1.3456 | 28445 | 40730 | .69824 | 1.15646 | 42.865 | 11.023 1.97 | 1.6192 | .13390 | 23784 | 56301 | 1.64608 | 30.505 | 25.549
1.48 | 1.3520 | 28039 | .40322 | .69537 | 1.16290 | 42.507 | 11.317 1.98 | 1.6239 | .13184 | 23521 | .56051 | 1.65972 | 30.335 | 25.827
1.49 | 1.3583 | 27637 | .39900 | .69251 | 1.16947 | 42.155 | 11.611 1.99 | 1.6284 | .12081 | 23262 | .55803 | 1.67352 | 30.166 | 26.104

xxv | xxvi | xxvii



Anhang B.1

Isentrope Stromung (Ideales Gas; Kk = 1,4)

Ma| Le & Ll i 2 " v Ma La = Lk i s I v
PO 2] To A* 70 £0 1o A
2.00 | 1.6330 | .12780 123005 | 55556 | 1.68750 | 30.000 | 26.380 | 2.64 | 1.8691].47110-10 1 | .11278 41773 3.00733 | 22.250] 42.307
2.01 [1.6375 | 12583 22751 | .55309 | 1.70165 | 20.836 | 26.655 | 2.65 | 1.8721|.46389.107 1| .11154 41589 3.03588 |22.170| 42.528
2.02 | 1.6420 | .12380 22499 | .55064 | 1.71597 | 20.673 [ 26.930 | 2.66 |1.8750|.45679-10~1 | .11032 41406 3.06472 |22.082| 42.749
2.03 [ 1.6465 | .12197 122250 | .54819 | 1.73047 [ 29.512 [ 27.203 | 2.67 |1.8779|.44980-10~! | 10011 41224 3.00385 |21.995| 42.968
2.04 | 1.6509 | .12009 22004 | 54576 | 1.74514 [ 20.353 | 27.476 | 2.68 |1.8808|.44203-10 1 |.10792  [.41043  [3.12327 |21.009| 43.187
2.05 [ 1.6553 | .11823 21760 | 54333 | 1.75999 | 20.196 | 27.748 | 2.60 |1.8837] .43616-10~' | .10674 40863 3.15200 [21.823| 43.405
2.06 | 1.6597 | .11640 21519 | .54092 | 1.77502 | 29.041 | 28.020 | 2.70 |1.8865 | .42950-10~1 | .10557 40684 3.18301 |21.738] 43.621
2.07 | 1.6640 | .11460 21281 .53851 | 1.79022 | 28.888 [ 28.290 | 2.71 |1.8894 | .42295.10~1 | 10442 40505 3.21332 |21.654| 43.838
2.08 | 1.6683 | .11282 21045 | 53611 | 1.80561 | 28.736 | 28.560 | 2.72 |1.8922|.41650.10~1 | 10328 40328 3.24395 |21.571| 44.053
2.09 [ 1.6726 | .11107 20811 | .53373 | 1.82119 | 28.585 [ 28.829 | 2.73 |1.8950/ .41016.10-1 | .10215 40151 3.27487 |21.488| 44.267
2.10 | 1.6769 | .10935 120580 | .53135 | 1.83694 | 28.437 [ 29.097 | 2.74 |1.8078 |.40391.10-1 | .10104 39076 3.30611 |21.405| 44.481
2.11|1.6811 | .10766 .20352 | 52808 | 1.85288 | 28.290 | 29.364 | 2.75 |1.9005|.39777-10~ 1 | .99939-10~! | .39801 3.33765 |21.324| 44.694
2.12 [ 1.6853 | .10599 20126 | 52663 | 1.86901 | 28.145 | 29.631 | 2.76 |1.9033|.39172.10~1 | .98852.10~1 | .39627 3.36951 |21.243| 44.906
2.13 | 1.6895 | .10434 119902 | 52428 | 1.88533 | 28.001 | 29.896 | 2.77 |1.0060|.38577-10~1 | .97777-10~1 | 30454 3.40168 |21.162| 45.117
2.14 | 1.6936 | .10273 .19681 | .52194 | 1.90184 | 27.859 | 30.161 | 2.78 | 1.0087|.37992.10~ 1 | 96714-10- ! | 39282 343417 |21.083| 45.327
2.151.6977 | .10113 19463 | 51962 | 1.91854 | 27.718 | 30.425 | 2.79 |1.9114|.37415-10~1 | .95664-10~1 | .39111 3.46698 |21.008| 45.537
2.16 [ 1.7018 | .99562.101 | 19247 | .51730 | 1.93543 | 27.578 | 30.688 | 2.80 |1.9140]|.36848.10-1 | .94627.10~1 | .38941 3.50012 |20.925| 45.746
2.17 [ 1.7059 | .98017-10 1 |.19033 | .51499 | 1.95252 [ 27.441 [ 30.951 | 2.81 |1.9167].36200-10-1 | .93601.10~1 | .38771 3.53358 [20.847| 45.954
2.18 [ 1.7099 | .96495.10~1 | .18821 | .51269 | 1.96981 | 27.304 [ 31.212 | 2.82 |1.9193|.35741-10 1 | .02587.10 1 | .38603 3.56736 [ 20.770| 46.161
2.19 | 1.7139 | .94997.10~1 | .18612 | .51041 | 1.98720 | 27.169 | 31.473 | 2.83 |1.9219].35201-10-1 | .91585.10 ! | .38435 3.60148 |20.693| 46.367
2.20|1.7179 | .93522.10~ 1 | .18405 | .50813 | 2.00497 [ 27.036 | 31.732 | 2.84 |1.9245|.34669-10- 1 | .00595-10~! | 38268 3.63593 |20.617| 46.573
2.21 | 1.7219 | .92070-10 1 | .18200 | .50586 | 2.02286 | 26.903 | 31.991 | 2.85 [1.9271].34146.10-1 | .89616.10 1 | .38103 3.67071 |20.541| 46.778
2.22 | 1.7258 | .90640-10 1 | .17998 | .50361 | 2.04094 | 26.773 | 32.249 | 2.86 |1.9207| .33631.10~! | .88648-10~! | 37937 3.70584 | 20.466| 46.982
2.23 | 1.7297 | .89232.101 | .17798 | .50136 | 2.05923 | 26.643 | 32.507 | 2.87 |1.9323|.33124.10~1 | .87692-10~1 | .37773 3.74130 |20.391| 47.185
2.24 [1.7336 | .87846.10~ 1 | .17600 | .49912 | 2.07773 | 26.515 | 32.763 | 2.88 |1.9348 | .32625.101 | .86747-10~1 | .37610 3.77711 | 20.318| 47.388
2.25 | 1.7374 | .86482:10~1 | 17404 | .49689 | 2.09643 | 26.388 [ 33.018 | 2.89 |1.9373|.32135.10~1 | .85813.10~1 | .37447 3.81326 |20.244| 47.589
2.26 | 1.7412 | .85139-10~" | 17211 | .49468 | 2.11535 | 26.262 | 33.273 | 2.00 |1.9398|.31652.10~1 | .84889.10 1 | 37286 3.84976 | 20.171| 47.790
2.27 | 1.7450 | .83817-10~1 | .17020 | .49247 | 2.13447 | 26.138 | 33.527 | 2.01 |1.9423|.31176.10-1 | .83977.10~1 | .37125 3.88662 |20.009| 47.990
2.28 [ 1.7488 | .82515-10~1 | .16830 | .49027 | 2.15381 | 26.014 | 33.780 | 2.92 |1.9448|.30708-10-! | .83075.10~ ! | .36065 3.92382  |20.027| 48.190
2.29 | 1.7526 | .81234-10~1 | .16643 | .48800 | 2.17336 | 25.802 | 34.032 | 2.93 |1.9472|.30248.10-1 | .82184.10~! | .36806 3.96139 |190.956| 48.388
2.30 [ 1.7563 | 79973101 | .16458 | .48591 | 2.19313 | 25.771 | 34.283 | 2.94 |1.9497|.20795.10-1 | 81302.10~! | .36647 3.99931 |19.885| 48.586
2.31 | 1.7600 | .78731-10~ 1 | 16275 | .48374 | 2.21311 [ 25.652 | 34.533 | 2.95 [1.9521].29349.101 | .80432.10 1 | .36490 4.03760 |19.815| 48.783
2.32 | 1.7637 | .77509-10~1 | .16095 | .48158 | 2.23332 [ 25.533 | 34.782 | 2.96 |1.9545].28910-10 1 |.79571.10" ! | .36333 4.07625 |19.745| 48.980
2.33 [ 1.7673 | .76306.10~1 | .15916 | .47044 | 2.25375 [ 25.416 | 35.031 | 2.97 |1.9569]|.28479-10-1 | .78720.101 | .36177 411527 [19.676| 49.175
2.34|1.7709 | .75122.10 ! | 15739 | 47730 | 2.27440 | 25.300 | 35.279 | 2.98 |1.9593 |.28054.10~! |.77879.10~! | .36022 4.15466 | 19.607| 49.370
2.35 [ 1.7745 | ,73957-10~1 | .15564 | .47517 | 2.20527 | 25.184 | 35.525 | 2.99 [1.9616|.27635.10 1 | .77048.10 1 | .35868 419442  19.539| 49.564
2.36 | 1.7781 | .72810.10 1 | .15391 | .47306 | 2.31638 | 25.070 | 35.771 | 3.00 |1.9640]|.27224.10 1| .76226.10 1 | .35714 4.23457 |10.471| 49.757
2.37 | 1.7817 | .71681.101 | .15221 | .47095 | 2.33771 | 24.957 [ 36.016 | 3.10 |1.9866|.23449-10-" | .68517-10~! | .34223 4.65731 | 18.819| 51.650
2.38 [ 1.7852 | .70570-10~ 1 | .15052 | .46885 | 2.35927 | 24.845 | 36.261 | 3.20 |2.0079|.2022810~ ! | .61654-10~1 | .32808 512096 |18.210| 53.470
2.39 | 1.7887 | .69476-10~ ! | .14885 | 46676 | 2.38107 | 24.734 [ 36.504 | 3.30 |2.0278|.17477.10~1 | .55541.10~ 1 | .31466 5.62865 |17.640| 55.222
2.40 | 1.7922 | .68400-10~1 | .14720 | .46468 | 2.40310 | 24.624 | 36.746 | 3.40 |2.0466|.15125-10~! | .50093-10~! | .30193 6.18370 | 17.105| 56.908
2.41 | 1.7956 | .67340-10~1 | .14556 | .46262 | 2.42536 | 24.515 | 36.988 | 3.50 |2.0642|.13111.10-1 | .45233.10~1 | .28986 6.78962 | 16.602| 58.530
2.42 [ 1.7991 | .66297-10~ 1 | .14395 | .46056 | 2.44787 | 24.407 | 37.229 | 3.60 |2.0808].11385.10-1 | .40804.10~1 | 27840 7.45011 | 16.128| 60.091
2.43 [ 1.8025 | .65271-10~ 1 | .14235 | .45851 | 2.47061 | 24.301 | 37.469 | 3.70 |2.0964|.99029.10-2 | .37017.10~1 | 26752 8.16006 | 15.680| 61.595
2.44 [ 1.8059 | .64261.10~1 | .14078 | .45647 | 2.49360 | 24.195 | 37.708 | 3.80 |2.1111).86290.102 | 33549.10 1 | 25720 8.95058 [15.258| 63.044
2.45 | 1.8092 | .63267-10~1 | .13922 | .45444 | 2.51683 | 24.090 | 37.946 | 3.90 |2.1250|.75321-10-2 | .30445.10~1 | 24740 0.79807 |14.857| 64.440
2.46 [ 1.8126 | 62289101 | .13768 | .45242 | 2.54031 | 23.985 | 38.183 | 4.00 |2.1381].65861-10-2 | .27662.10~1 | .23810 10.71874 |14.478| 65.785
2.47 | 1.8159 | 61326:10~1 | 13615 | 45041 | 2.56403 | 23.882 [ 38.419 | 4.10 |2.1505 | .57690-10-2 | .25164-10~" | 22025 11.71464 |14.117]| 67.082
2.48 [ 1.8192 | .60378-10~1 | .13465 | .44841 | 2.58801 | 23.780 | 38.655 | 4.20 |2.1622|.50621.10-2 | .22921.10~! | .22085 12.79163 |[13.774| 68.333
2.49 | 1.8225 | .50446.10~ " | .13316 | 44642 | 2.61223 | 23.679 | 38.800 | 4.30 |2.1732| .44494-10-2| .20903-10~1 | 21286 13.95489 |13.448| 69.541
2.50 | 1.8257 | 585281071 | .13169 | 44444 | 2.63672 [ 23.578 [39.124 | 4.40 [2.1837]|.39176.10-2|.19087.10~! | .20525 15.20085 |13.137| 70.706
2.51 | 1.8290 | 57625-107 1 | .13023 | .44247 | 2.66145 | 23.479 | 30.356 | 4.50 |2.1036|.34553.10-2 | .17449.101 | .19802 16.56218 |12.840| 71.832
2.52 1.8322 | 56736101 | .12879 | 44051 | 2.68645 | 23.380 | 39.589 | 4.60 |2.2030].30526.10~2 | .15971-10~1 | .19113 18.01777 |12.556| 72.919
2.53 | 1.8354 | 55861101 | .12737 | .43856 | 2.71171 | 23.282 | 39.820 | 4.70 [2.2119].27012.102|.14635-10~1 | .18457 19.58280 |12.284| 73.970
2.54 | 1.8386 | .55000-10~ 1 | .12507 | 43662 | 2.73722 | 23.185 | 40.050 | 4.80 |2.2204|.23943.10-2 | .13427-10~! | .17832 21.26368 |12.025| 74.986
2.55 | 1.8417 | .54153-10~ ! | .12458 | .43469 | 2.76301 | 23.089 [ 40.280 | 4.90 |2.2284|.21256.10-2|.12333.10~1 | .17235 23.06709 | 11.776 | 75.960
2.56 | 1.8448 | 53319-10~! | 12321 | 43277 | 2.78906 | 22.993 | 40.508 | 5.00 |2.2361.18000-102 | .11340.10~ | .16667 25.00000 |11.537| 76.920
2.57 | 1.8-179 | 52490-10~1 | .12185 | 43085 | 2.81538 | 22.890 [ 40.736 | 6.00 |2.2953 |.63336.10-2 | .51936.10-2 | .12195 53.17979 |9.504 | 84.955
2.58 [ 1.8510 | .51602-1071 | .12051 | 42895 | 2.84197 | 22.805 | 40.963 | 7.00 |2.3333|.24156-10~3 | .26088.10~2 | .92593-10~! | 104.14200 | 8.213 | 90.973
2.59 [ 1.8541 | .50897.101 | .11918 | 42706 | 2.86883 | 22.712 | 41.189 | 8.00 |2.3591|.10243-10-3 |.14135.10~2 | .72464-10~" | 190.10940 | 7.181 | 95.625
2.60 [ 1.8571 | 50115101 | .11787 | .42517 | 2.80597 | 22.620 | 41.415 | 9.00 |2.3772|.47386-10~% | .81504-10~3 | .58140-10~! | 327.18940 | 6.379 | 99.318
2.61 | 1.8602 | .49346.10° 1 | .11658 | .42330 | 2.92339 | 22.528 | 41.639 | 10.00 | 2.3905 | 2356310 | .49482.10 3 | .47619-10~! | 535.93770 | 5.739 |102.316
2.62 | 1.8632 | 48589101 | .11530 | .42143 | 2.95108 | 22.438 | 41.863 | oo |2.4495 0 0 0 o0 0 |130.454
2.63 | 1.8662 | .47844.10° 1 | .11403 | 41957 | 2.97906 | 22.348 | 42.085
xxvili | oxxix | xxx | xxxi



Anhang B.2

Senkrechter Stof3 (Ideales Gas; Kk = 1,4)

Mal .M’ag P_Z -P—2 E & Ma1 MG’Q P_Q 9‘2 ﬁ &
P1 o1 1 Po1 1 P1 11 Po1

1.00 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 1.50 70109 | 2.45833 | 1.86207 | 1.32022 | 92979
1.01 99013 | 1.02345 | 1.01669 | 1.00664 | 1.00000 1.51 69758 | 2.49345 | 1.87918 | 1.32688 | .92650
1.02 98052 | 1.04713 | 1.03344 | 1.01325 | 09999 1.52 69413 | 2.52880 | 1.89626 | 1.33357 | .02332
1.03 97115 | 1.07105 | 1.05024 | 1.01981 | .99997 1.53 69073 | 2.56438 | 1.91331 | 1.34029 | .92000
1.04 96203 | 1.09520 | 1.06709 | 1.02634 | 99992 1.54 68739 | 2.60020 | 1.93033 | 1.34703 | 91662
1.05 95313 | 1.11958 | 1.08398 | 1.03284 | .09985 1.55 68410 | 2.63625 | 1.94731 | 1.35379 | 91319
1.06 94445 | 1.14420 | 1.10092 | 1.03931 | .99975 1.56 68087 | 2.67253 | 1.96427 | 1.36057 | .90970
1.07 93598 | 1.16905 | 1.11790 | 1.04575 | .99961 1.57 67769 | 2.70005 | 1.98119 | 1.36738 | .90615
1.08 92771 | 1.19413 | 1.13492 | 1.05217 | 00943 1.58 67455 | 2.74580 | 1.99808 | 1.37422 | .90255
1.09 91965 | 1.21945 | 1.15199 | 1.05856 | .99920 1.59 67147 | 2.78278 | 2.01493 | 1.38108 | .89890
1.10 91177 | 1.24500 | 1.16908 | 1.06494 | .99803 1.60 66844 | 2.82000 | 2.03175 | 1.38797 | .89520
1.11 90408 | 1.27078 | 1.18621 | 1.07129 | .99860 1.61 66545 | 2.85745 | 2.04852 | 1.39488 | .89145
1.12 89656 | 1.20680 | 1.20338 | 1.07763 | .09821 1.62 66251 | 2.89513 | 2.06526 | 1.40182 | .88765
1.13 88922 | 1.32305 | 1.22057 | 1.08396 | .99777 1.63 65962 | 2.93305 | 2.08196 | 1.40870 | .88381
1.14 88204 | 1.34953 | 1.23779 | 1.00027 | .99726 1.64 65677 | 2.97120 | 2.00863 | 1.41578 | .87992
1.15 87502 | 1.37625 | 1.25504 | 1.09658 | .00669 1.65 65396 | 3.00958 | 2.11525 | 1.42280 | .87599
1.16 86816 | 1.40320 | 1.27231 | 1.10287 | .09605 1.66 65119 | 3.04820 | 2.13183 | 1.42985 | .87201
1.17 86145 | 1.43038 | 1.28961 | 1.10916 | .99535 1.67 64847 | 3.08705 | 2.14836 | 1.43693 | .86800
1.18 85488 | 1.45780 | 1.30693 | 1.11544 | 99457 1.68 64579 | 3.12613 | 2.16486 | 1.44403 | .86394
1.19 84846 | 1.48545 | 1.32426 | 1.12172 | 09372 1.60 64315 | 3.16545 | 2.18131 | 1.45117 | .85985
1.20 84217 | 1.51333 | 1.34161 | 1.12799 | .99280 1.70 64054 | 3.20500 | 2.19772 | 1.45833 | .85572
1.21 83601 | 1.54145 | 1.35808 | 1.13427 | .99180 1.71 63798 | 3.24478 | 2.21408 | 1.46552 | 85156
1.22 82099 | 1.56980 | 1.37636 | 1.14054 | 99073 1.72 63545 | 3.28480 | 2.23040 | 1.47274 | .84736
1.23 82408 | 1.59838 | 1.39376 | 1.14682 | .98958 1.73 63206 | 3.32505 | 2.24667 | 1.47999 | .84312
1.24 81830 | 1.62720 | 1.41116 | 1.15309 | .98836 1.74 63051 | 3.36553 | 2.26289 | 1.48727 | .83886
1.25 81264 | 1.65625 | 1.42857 | 1.15937 | .98706 1.75 62809 | 3.40625 | 2.27907 | 1.49458 | 83457
1.26 80709 | 1.68553 | 1.44599 | 1.16566 | .08568 1.76 62570 | 3.44720 | 2.20520 | 1.50192 | .83024
1.27 80164 | 1.71505 | 1.46341 | 1.17195 | 08422 1.77 62335 | 3.48838 | 2.31128 | 1.50929 | .82589
1.28 79631 | 1.74480 | 1.48084 | 1.17825 | 08268 1.78 62104 | 3.52080 | 2.32731 | 1.51669 | .82151
1.29 79108 | 1.77478 | 1.49827 | 1.18456 | 98107 1.79 61875 | 3.57145 | 2.34329 | 1.52412 | .81711
1.30 78596 | 1.80500 | 1.51569 | 1.19087 | .97937 1.80 61650 | 3.61333 | 2.35022 | 1.53158 | .81268
1.31 78093 | 1.83545 | 1.53312 | 1.19720 | .97760 1.81 61428 | 3.65545 | 2.37510 | 1.53907 | .80823
1.32 77600 | 1.86613 | 1.55055 | 1.20353 | 97575 1.82 61200 | 3.69780 | 2.39093 | 1.54659 | .80376
1.33 77116 | 1.89705 | 1.56796 | 1.20988 | 07382 1.83 60993 | 3.74038 | 2.40671 | 1.55415 | .79927
1.34 76641 | 1.92820 | 1.58538 | 1.21624 | 97182 1.84 60780 | 3.78320 | 2.42244 | 1.56173 | .79476
1.35 76175 | 1.950958 | 1.60278 | 1.22261 | .96974 1.85 60570 | 3.82625 | 2.43811 | 1.56935 | .79023
1.36 75718 | 1.99120 | 1.62018 | 1.22900 | 06758 1.86 60363 | 3.86953 | 2.45373 | 1.57700 | .78569
1.37 75269 | 2.02305 | 1.63757 | 1.23540 | 96534 1.87 60159 | 3.91305 | 2.46030 | 1.58468 | .78113
1.38 74829 | 2.05513 | 1.65494 | 1.24181 | .96304 1.88 59957 | 3.95680 | 2.48481 | 1.59239 | .77655
1.39 74396 | 2.08745 | 1.67231 | 1.24825 | .06065 1.89 59758 | 4.00078 | 2.50027 | 1.60014 | 77196
1.40 73971 | 2.12000 | 1.68965 | 1.25469 | 95819 1.90 59562 | 4.04500 | 2.51568 | 1.60791 | .76736
1.41 73554 | 2.15278 | 1.70699 | 1.26116 | .95566 1.91 59368 | 4.08945 | 2.53103 | 1.61572 | .76274
1.42 73144 | 2.18580 | 1.72430 | 1.26764 | 95306 1.92 59177 | 4.13413 | 2.54632 | 1.62357 | 75812
1.43 72741 | 2.21905 | 1.74160 | 1.27414 | 95039 1.93 58988 | 4.17905 | 2.56156 | 1.63144 | .75349
1.44 72345 | 2.25253 | 1.75888 | 1.28066 | .94765 1.94 58802 | 4.22420 | 2.57675 | 1.63935 | .74884
1.45 71956 | 2.28625 | 1.77613 | 1.28720 | 94484 1.95 58619 | 4.26058 | 2.50188 | 1.64720 | .74420
1.46 71574 | 2.32020 | 1.79337 | 1.20376 | 94196 1.96 58437 | 4.31520 | 2.60695 | 1.65527 | .73054
1.47 71198 | 2.35438 | 1.81058 | 1.30035 | .93901 1.97 58258 | 4.36105 | 2.62106 | 1.66328 | .73488
1.48 70829 | 2.38880 | 1.82777 | 1.30695 | 93600 1.98 58082 | 4.40713 | 2.63692 | 1.67132 | 73021
1.49 70466 | 2.42345 | 1.84493 | 1.31357 | 93293 1.99 57907 | 4.45345 | 2.65182 | 1.67939 | .72555

xxxit | oxxxiii | oxxxiv



Senkrechter Stof3 (Ideales Gas; k = 1,4)

Anhang B.2

May | Mas i £ ] He
P1 P1 11 Po1
2.00 BT735 4.50000 | 2.66667 1.68750 T2087
2.01 57565 | 4.54678 | 2.68145 1.69564 71620
2.02 BT7397 | 4.59380 | 2.69618 1.70382 71153
2.03 57232 | 4.64105 | 2.71085 1.71203 70685
2.04 57068 4.68853 2.72546 1.72027 70218
2.05 56906 | 4.73625 | 2.74001 1.72855 69751
2.06 56747 | 4.78419 2.75451 1.73686 69284
2.07 .56589 | 4.83238 | 2.76895 | 1.74520 68817
2.08 .56433 4.88080 2.78332 1.75359 68351
2.09 56280 | 4.92944 | 2.79764 1.76200 67886
2.10 56128 | 4.97833 | 2.81190 1.77045 67420
2.11 55978 | 5.02744 | 2.82610 | 1.77893 66956
2.12 55829 | 5.07679 | 2.84024 | 1.78745 66492
2.13 55683 5.12638 2.85432 1.79601 66029
2.14 55538 | 5.17619 | 2.86834 1.80459 635567
2.15 55395 5.22624 2.88231 1.81322 65105
2.16 55264 | 5.27653 | 2.89621 1.82187 64645
2.17 55115 | 5.32704 | 2.91005 | 1.83057 64185
2.18 54977 5.37779 2.92383 1.83930 63727
2.19 04840 | 5.42878 | 2.93756 | 1.84806 63270
2.20 .54706 5.47999 2.95122 1.85686 62814
2.21 04572 | 5.53144 | 2.96482 1.86569 62359
2.22 .54441 5.568313 | 2.97836 1.87456 61905
2.23 54311 5.63504 2.99185 1.88347 61453
2.24 04182 | 5.68719 | 3.00527 | 1.89241 61002
2.25 .54055 | 5.73958 | 3.01863 | 1.90138 60553
2.26 53930 | 5.79219 | 3.03193 1.91040 60105
2.27 .53805 | 5.84504 | 3.04518 | 1.91944 59659
2.28 53683 5.89813 3.05836 1.92853 59214
2.29 .53561 5.95144 3.07148 1.93764 58771
2.30 53441 | 6.00499 | 3.08455 | 1.94680 58330
2.31 53322 6.05878 3.09755 1.895599 57890
2.32 53205 6.11279 3.11049 1.96522 57452
2.33 53089 | 6.16704 | 3.12338 1.97448 57015
2.34 52974 6.22153 3.13620 1.98378 56581
2.35 .52861 6.27624 3.14_8_9_f§ h l_g&ill_ ___5_(_313_8
2.36 52749 | 6.33119 | 3.16167 | 2.00248 55718
2.37 52638 6.38638 | 3.17431 2.01189 55289
2.38 02528 | 6.44179 3.18690 2.02133 54862
2.39 .52419 | 6.49744 | 3.19943 | 2.03081 54437
2.40 52312 6.55333 3.21189 | 2.04033 54014
2.41 52206 | 6.60944 3.22430 | 2.04988 53594
2.42 52100 | 6.66579 | 3.23665 | 2.05947 53175
2.43 51996 6.72238 3.24894 2.06910 52758
2.44 51894 6.77919 | 3.26117 2.07876 52344
2.45 51792 6.83624 | 3.27335 2.08846 51931
2.46 .51691 6.89353 3.28546 2.09819 51521
2.47 51592 | 6.95104 3.29751 2.10796 51113
2.48 51493 7.00879 3.30951 211777 50707
2.49 51395 7.06677 | 3.32145 2.12762 50303
2.50 .51299 7.12499 3.33333 2.13750 49902
2.51 51203 7.18344 3.34515 2.14742 49502
2.52 51109 7.24212 | 3.35692 2.15737 491056
2.53 .51015 7.30104 3.36863 2.16736 48711
2.54 .00923 7.36019 3.38028 2.17739 48318
2.55 50831 7.41957 | 3.39187 2.18746 47928
xxxiv | xxxy

XXXVI

May | Mas B i ok £a
P1 P1 Ty Po1
2.56 50741 7.47919 | 3.40341 2.19756 47540
2,67 560651 7.53904 3.41488 2.20770 47155
2.58 50562 7.59912 3.42631 2.21788 46772
2.59 50474 7.65944 | 3.43767 2.22809 | .46391
2.60 50387 7.71999 | 3.44898 2.23834 46012
2.61 .50301 7.78077 | 3.46023 2.24863 | .45636
2.62 50216 7.84179 | 3.47143 2.25895 | .45263
2.63 50131 7.90304 3.48257 2.26932 44891
2.64 .50048 7.96452 | 3.49365 2.27971 44522
2.65 49965 8.02624 | 3.50468 2.29015 44156
2.66 49883 8.08819 | 3.51565 2.30062 | .43792
2.67 49802 8.15037 | 3.52657 2.31114 43430
2.68 49722 8.21279 | 3.53743 2.32168 43071
2.69 .49642 8.27544 | 3.54824 2.33227 | .42714
2.70 49563 8.33832 3.55899 2.34289 42359
2.71 49485 8.40144 | 3.56969 2.35355 | .42007
2.72 49408 8.46479 | 3.58033 2.36425 41657
273 49332 8.52837 | 3.59092 2.37498 | 41310
2,74 49256 8.59219 | 3.60146 2.38575 .40965
2.75 49181 8.65624 | 3.61194 2.39656 40623
2.76 49107 8.72052 | 3.62237 2.40741 | .40283
2.77 49033 8.78504 3.63274 2.41829 | .39945
2.78 48960 8.84979 [ 3.64306 2.42922 | 39610
2.79 48888 8.91477 | 3.65333 2.44017 | .39277
2.80 48817 8.97999 | 3.66355 2.45117 38946
2.81 48746 9.04544 | 3.67371 2.46221 | .38618
2.82 48676 9.11112 | 3.68383 2.47328 | .38293
2.83 48606 9.17704 | 3.69388 2.48439 | .37970
2.84 48538 9.24319 | 3.70389 2.49553 37649
2.85 48469 9.30957 | 3.71385 2.50672 37330
2.86 48402 9.37619 | 3.72375 2.51794 .37014
2.87 48335 9.44304 | 3.73361 2.52920 | .36700
2.88 48269 9.51012 3.74341 2.54050 | .36389
2.89 48203 9.57744 | 3.75316 2.55183 .36080
2.90 48138 9.64499 | 3.76286 2.56321 | .35773
2.91 48074 9.71277 | 3.77251 2.57462 .35469
2.92 48010 9.78079 | 3.78211 2.58606 35167
2.93 47946 9.84904 | 3.79166 2.59755 34867
2.94 47884 9.91752 | 3.80117 2.60907 .34570
2.95 47821 9.98624 3.81062 2.62064 .34275
2.96 47760 10.05519 | 3.82002 2.63223 | .33982
2.97 47699 10.12437 | 3.82937 2.64387 | .33692
2.98 47638 10.19379 | 3.83868 2.65555 33404
2.99 A7578 10.26344 | 3.84793 2.66726 | .33118
3.00 47519 10.33333 | 3.85714 2.67901 32834
3.50 45115 14.12500 | 4.26087 3.31505 21295
4.00 .43496 18.50000 | 4.57143 4.04688 13876
4.50 42355 23.45833 4.81188 4.87509 09170
5.00 41523 29.00000 5.00000 5.80000 .06172
6.00 40416 41.83333 | 5.26829 7.94059 | .02965
7.00 39736 57.00000 | 5.44444 10.46939 | .01535
8.00 39289 74.50000 | 5.56522 13.38672 .00849
9.00 38980 94.33334 5.65116 16.69273 .00496
10.00 38758 | 116.50000 | 5.71429 | 20.38750 | .00304
] 37796 oo 6.00000 oo 0
xxxvii |
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