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Schrager VerdichtungsstoR

Im allgemeinen sind VerdichtungsstoRe gegenuber der Anstromung geneigt

—> der senkrechte Verdichtungsstol} ist ein Sonderfall

0

F---F--—-.

Kontroll- /

fliche




o : Stol3winkel

[ : Umlenkwinkel

Formulierung der Erhaltungsgleichungen tber den Stol}

Kontinuitatsgleichung : poi) = pyU,

Impulssatz, tangential : oV, = prU,V,

Impulssatz, normal : p2u§ —p1u12 =P1— P>
Energiesatz : Hﬁsz —Hﬁle =cC (T —T)
' 2 2 YL

Impulssatz, tangential : = v =vp =V!



— Uberlagerung des v-Feldes mdglich

Stol3

Analyse wie beim senkrechten Verdichtungsstol? :

H‘71H = w/ulz +1° o =tan (uy /v)
H\72H=1/u§ +1° G—ﬁ:tan_l(uz/v)

luy <up = Umlenkung der Stromung in Richtung des Stol3es !



Mach Zahlen senkrecht zum Stof}

Py Py T, AS

M, =u/c,=M;sinc>1
M, ,=u,/c,=M,sin(c—- )<l

P1,,01,Tl

)23

9

:1+2—7/

P y+1
Py (y +1)M; sin* o

durch

M] (—Mnl ZMISiIlG

(M12 sin” o — 1)

_ Y

tan o

o) - ()/—I)Ml2 sino+2 U, - tan(o — f)

5

2(}/—1) 7M12 sin® o +1

1+

R

=In

|

P2
L1

/4

)l

Py
P

2 =
T (y+1Y M/sin’c

1

jﬂ

= Iny«

(M [ sin

L

20—1)

(7/ + I)Ml2 sin” o

7—1)M12 sin” o +2

it

2y

y+1

1 N

(Ml2 sin” o — 1)}7_1

Vv




die Prandtl Beziehung des senkrechten Verdichtungsstolles

*
U, =c

nimmt fur den schragen Verdichtungsstof} folgende Form an :

2 2
U, +v

2 2
us +v

2 :cTO
2

2 p

Energiesatz : c,I;+ =c,I, +

mit Cp=7/R/(7/—1)

2, .2 2, .2
+ +
y b owmTv ¥ Py WV T Po

y=1p 2 y—=1p; 2 y—1p,

Ruhe- und kritische GroRen : ¢ = cg — 0
27-1) "y-1 y-1p,

v+l o y=1(,
=p|——c - u; +v
P ,01{ 2y 2y (1 1)}

y+1l «» y=1(,
= " ——\us+v
1 2) Pz{ 2y 2y (2 1)}

—




in Impulssatz, normal

Al L7 2 | pf Z i)

+ Kontinuitatsgleichung —> Prandtl Beziehung fur den schragen Verdichtungsstol}.

x —1
y+1

M2 :f(Mlao-aﬂay) aus MZ :g(Mlay)

mittels M| < M sinc und
M2 (—M2 SiIl(O'—ﬂ)

2 .
— M22$in2(g_lg)_ (]/—1)M1 sin“o+2

- 2}/M12 sin® o — (7 —1)

2




Zusammenhang zwischen [,0, M| mittels £ f(My,0)=g(o,p)
Pl

: t —t
mit  tan(c - )= ano —tan j
l+tano tan f

M sin® o -1

Mlz(y+cos 20)+ 2

—> tanf=2coto
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o= % —> tan £ =0
—> Max. existiert |

o= =sin_1(ML) —> tan f =0
1

Analyse fur M| — o :

2coto sin2 o sin 20

r= lim (tanp)= =
M,—o© y+cos’c  y+cos2o

dr _2cos2o(y+cos2o)+ 2sin? 20 l

5 0
do (7 +cos20)

1
—=>cos20=——;y=14:0=67.5

Y
tan B = sin 2o _\/1—005220 B \/1—1/7/2 _\/72—1
My 4cos20 y+cos2o y—1/y B 7,2_1

Pmax = 45°

1

=(7* -1 2



P<P..x : 2Losungen

e schwache Losung , M, >1(i.a.)
e starkelLésung , M, <1

starker Stof3

schwacher Stof}

4

schwache Losung entspricht der naturlichen Losung

B> Buax  * keine geschlossene analytische Lésung



M1>1

M1>1

Entstehung von schragen VerdichtungsstoRen

/Stromlinie

Keilstromung : g< f

max

Stromlinie

Eckenstromung (konkav) : B < Bax




—/ / Stromlinien
Ml <1
—)Ml /
|

Eckenstromung (konkav, subsonisch)



P> P Ablosungdes VerdichtungsstoRes

abgeloster Stoly




abgeloster Verdichtungsstol$

Herzkurve

16
a, 5, M | - Zusammenhang



Approximationen fur schrage VerdichtungsstoRe

2

» Hyperschallstromungen : M12 sin“o>>1, sino <<l

aus
tan(oc - ) 7—1+2/M12 sin’ o
tano y+1
und o= pf

— 0—,827/—1
o y+1

_y+l

2

* Naherung fur schwache StoRRe : Annahme : g klein

Newton-Theorie

B0 = o ap=sin (/M)
in  p=/f(M,o0)
M} sin® o1

m— tan f ~ 2cota
p 1M12(7/+0032051)+2




mit tan f~ f

cotay =M -1

cos2a, =1-2sin*a; =1-2/ M}

2
— Mlzsin2o-_1zwlg
2 /M7 -1
in P2 _ My, 0)
P

—> relative Druckanderung fiir B klein

no M2 -1

gultig : schwache Komp. + Exp.wellen

P> — P _ 7M12 B

Grund : 3 5 )
52_51z7+1[192_171j :7+1 yM; ,83
2 2
R 12770 p 12y7 | M2 -1

—> schwache StéRe naherungsweise isentrop > reversibel
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TABLES

TABLE V

MAcE NUMBER AND MACH ANGLE VERSUS PRANDTL-MEYER FUNCTION

425

ol

14 v
(deg) # (deg) (deg) M (deg)
0.0 1.000 90.000 17.5 1.689 36.293
0.5 1.051 72.099 18.0 1.706 35.874
1.0 1.082 67.574 18.5 1.724 35.465
1.5 1.108 64.451 19.0 1.741 35.065
2.0 1.133 61.997 19.5 1.758 34.673
2.5 1.155 59.950 20.0 1.775 34.290
3.0 1.177 58.180 20.5 1.792 33.915
3.5 1.198 56.614 21.0 1.810 33.548
4.0 1.218 55.205 21.5 1.827 33.188
4.5 1.237 53.920 22.0 1.844 32.834
5.0 1.256 52.738 22.5 1.862 32.488
5.5 1.275 51.642 23.0 1.879 32.148
6.0 1.294 50.619 23.5 1.897 31.814
6.5 1.312 49,658 24.0 1.915 31.486
7.0 1.330 48.753 24.5 1.932 31.164
7.5 1.348 47.896 25.0 1.950 30.847
8.0 1.366 47.082 25.5 1.968 30.536
8.5 1.383 46.3006 26.0 1.986 30.229
9.0 1.400 45,566 26.5 2.004 29.928
9.5 1.418 44 857 27.0 2.023 29.632
10.0 1.435 44 177 27.5 2.041 29.340
10.5 1.452 43.523 28.0 2.059 29.052
11.0 1.469 42.894 28.5 42.078 28.769
11.5 1.486 42.287 29.0 2.096 28.491
12.0 1.503 41.701 29.5 2.115 28.216
12.5 1.520 41.134 30.0 2.134 27.945
13.0 1.537 40.585 30.5 2.153 27.678
13.5 1.554 40.053 31.0 2.172 27.415
14.0 1.571 39.537 31.5 2.191 27.155
14.5 1.588 39.035 32.0 2.210 26.899
15.0 1.605 38.547 32.5 2.230 26.646
15.5 1.622 38.073 33.0 2.249 26.397
16.0 1.639 37.611 33.5 2.269 26.151
16.5 1.655 37.160 34.0 2.289 25.908
17.0 1.672 36.721 34.5 2.309 25.668




426 © TABLES

TABLE V (Continued)

MacH NUMBER AND MACH ANGLE VERSUS PRANDTL-MEYER FUNCIION

v 14
(deg) M (deg) (deg) M (deg)
35.0 2.329 25.430 52.5 3.146 18.532
35.5 2.349 25.196 53.0 3.174 18.366
36.0 2.369 24.965 53.5 3.202 18.200
36.5 2.390 24,736 54.0 3.230 18.036
37.0 2.410 24.510 54.5 3.258 17.873
37.5 2.431 24.287 55.0 3.287 17.711
38.0 2.452 24.066 55.5 3.316 17.551
38.5 2.473 23.847 - 56.0 3.346 17.391
39.0 2.495 23.631 56.5 3.375 17.233
39.5 2.516 23.418 57.0 3.406 17.076
40.0 2.538 23.206 57.5 3.436 16.920
40.5 2.560 ) 22.997 58.0 3.467 16.765
41.0 2.582 22.790 58.5 3.498 16.611
41.5 2.604 22.585 59.0 3.530 16.458
42.0 2.626 22.382 59.5 3.562 16.306
42.5 2.649 22.182 - 60.0 3.594 16.155
43.0 2.671 21.983 60.5 3.627 16.005
43.5 2.694 21.786 61.0 3.660 15.856
44.0 2.718 21.591 61.5 3.694 15.708
44.5 2.741 21.398 62.0 3.728 15.561
45.0 2.764 21.207 62.5 3.762 15.415
45.5 2.788 21.017 63.0 3.791 15.270
46.0 2.812 20.830 63.5 3.832 15.126
46.5 2.836 20.644 64.0 3.868 14.983
47.0 2.861 20.459 64.5 3.904 14.840
47.5 2.886 20.277 65.0 3.941 14.698
48.0 2.910 20.096 65.5 3.979 14.557
48.5 2.936 19.916 66.0 4.016 14.417
49.0 2.961 19.738 66.5 4.055 14.278
49.5 2.987 19.561 67.0 4.094 14.140
50.0 3.013 19.386 67.5 4.133 14.002
50.5 3.039 19.213 68.0 4.173 13.865
51.0 3.065 19.041 68.5 4.214 13.729
51.5 3.092 18.870 69.0 4.255 13.593
52.0 3.119 18.701 69.5 4.297 13.459




TABLES

TABLE V (Continued)

MacE NUMBER AND MACH ANGLE VERSUS PRANDTL-MEYER FuNcTION

427

ol

14 14

(deg) M (deg) (deg) a (deg)
70.0 4.339 13.325 87.5 6.390 9.003
70.5 4.382 13.191 88.0 6.472 8.888
71.0 4.426 13.059 88.5 6.556 8.774
71.5 4.470 12.927 89.0 6.642 8.660
72.0 4,515 12.795 89.5 6.729 8.546
72.5 4.561 12.665 90.0 6.819 8.433
73.0 4.608 12.535 90.5 6.911 8.320
73.5 4.655 12.406 91.0 7.005 8.207
74.0 4.703 12.2_77 91.5 7.102 8.095
74.5 4.752 12.149 92.0 7.201 7.983
75.0 4.801 12.021 092.5 7.302 7.871
75.5 4.852 11.894 93.0 7.406 7.760
76.0 4.903 11.768 93.5 7.513 7.649
76.5 4.955 11.642 94.0 7.623 7.538
77.0 5.009 11.517 94.5 7.735 7.428
77.5 5.063 11.392 95.0 *7.851 7.318
78.0 5.118 11.268 95.5 "7.970 7.208
78.5 5.174 11.145 96.0 8.092 7.099
79.0 5.231 11.022 96.5 8.218 6.989
79.5 5.289 10.899 97.0 8.347 6.881
80.0 5.348 10.777 97.5 8.480 6.772
80.5 5.408 10.656 98.0 8.618 6.664
81.0 5.470 10.535 98.5+ 8.759 6.556
81.5 5.532 10.414 99.0 8.905 6.448
82.0 5.596 10.294 99.5 9,055 6.340
82.5 5.661 10.175 100.0 9.210 ° 6.233
83.0 5.727 10.056 100.5 9.371 6.126
83.5 5.795 9.937 101.0 9.536 6.019
84.0 5.864 9.819 101.5 9.708 5.913
84:S 5.935 9.701 102.0 9.885 5.806
85.0 6.006 9.584

85.5 6.080 9.467

86.0 6.155 9.350

86.5 6.232 9.234

87.0 6.310 9.119

Numerical values taken from Publication No. 26, Jet Propulsion Laboratory,
California Institute of Technology.
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