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RAYLEIGH LINE TABULATION

E.P .  Cockshu t t

SUMMARY:

Numerical  Ray le igh  Line da t a  w i th2T=  1 .3  are tabulated
fo r  the subson ic  r eg ime  (M=0.00 to 1 .00 )  fo r  increments  of
Mach number of 0 .01 .  A numer ica l  example  is  i nc luded  to
I l l u s t r a t e  the u-se of t h i s  t ab l e .

NOMENCLATURE:

M - Mach Number

Pg - S t a t i c  P re s su re

P , - To ta l  P re s su re

Tg - S t a t i c  Temperature

Τφ - To ta l  Tempera tu re

V - Ve loc i ty

3Γ - Ra t io  of Spec i f i c  Hea t s

N.B. ;  The a s t e r i sk  (■»■) i s  used to deno te  the va lue  of a
va r i ab l e  at  the thermal ly  choked cond i t i on .
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1 .0  INTRODUCTION:

The Ray le igh  Line i s  used in the ana lys i s  of r ehea t
and r amje t  combus t ion  p roces se s ;  i t  i s  de f ined  as a one-
d imens iona l ,  cons t an t - a r ea ,  f r i c t i on l e s s  f low sub jec t  to a
t o t a l  t empera tu re  change .  Because  of the  complex i ty  of the
govern ing  equa t ions ,  i t  i s  neces sa ry  to use e i t he r  t r i a l  and
e r ro r  ca l cu l a t i ons  or t abu l a t ed  da t a  in most app l i ca t i ons .

2 .0  DESCRIPTION OF TABLE:

Tabu la t ed  Rayle igh  Line da ta  a re  a l r eady  ava i l ab l e
fo r  1 .3  (an app rop r i a t e  va lue  fo r  r ehea t  c a l cu l a t i ons )  in
Keenan and Kaye’s  "Gas Tab le s " ;  t he i r  t ab l e  i s  s e t  up in terms
of the  l oca l  Mach number,  M, fo r  Increments  of 0 .05 .  In t h i s
no te  the same t abu la r  form is used but  en t r i e s  are  i nc luded
fo r  i nc remen t s  of Mach number of 0 .01  i n s t ead  of 0 .05  fo r  the
subson ic  r eg ime .

The dependen t  va r i ab l e s  which a re  g iven  as f unc t ions
of the Mach number a r e :

(1) the  t o t a l  t empera tu re  - Τφ

(2) the s t a t i c  tempera ture  - Tg

(3) the s t a t i c  p r e s su re  - Pg

(4) the  t o t a l  p r e s su re  - Prp

(5)  the  ve loc i ty  - v

These are  a l l  exp re s sed  as r a t i o s  of the de s i r ed  quan t i t y  to
the same quan t i t y  at  the thermal ly  choked cond i t i on  (marked * ) ;
t h i s  i s  c l a r i f i ed  in the fo l lowing  example .

3 .0  NUMERICAL EXAMPLE:

A r ehea t  sys t em has an i n l e t  Mach number,  M , equal  to
0 .25  and is  to ope ra t e  wi th  a t empera tu re  r a t i o  of 2 .0  ( i . e . ,

I ?T2 + æTl = 2 . 0 ) .  I t  i s  de s i r ed  to f i nd  the ou t l e t  t empera -tu r e s ,  p r e s su re s  and ve loc i ty  in terms of the i n l e t  va lues .
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From
M = 0 .25 ,

the t abu la t ed da ta one f i nds ,  co r r e spond ing  to

T T1 =: 0 .2482
Trp-'S

T S1 0 .2828

P S1 2 .127Ps -%

P T1 1 .209
PT*

V1 = 0 .1529
V*

Since  T2 a 2 .0
T T1

Then Ττο •
35 0 .2482  x 2 .0 = 0 .4964

TT*

In t e rpo l a t i ng  in the  t ab l e ,  one uses  t h i s  va lue  to e s t ab l i sh
the remain ing  va lues ;  hence

M 2 = 0 .388

T S2 =
«

0 .557
V
P S2 53 1 .923
P S‘*

— = 0 .2896
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Fina l ly ,  the des i r ed  r a t i o s are corputed  thus

T S2 = 0 .557 5E Ί O »7

T S1 0 .2828 x · y z

P S2 = 1 .923 0 .904
P S1 2 .12*7

P T2 _ 1 · 157
Ξ5 0 .957

P T1 1 .209

V2 = 0 .2896 = 2 .18
V1 0 .1329
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τ τ T S p s P T V ·
Μ τ τ * T<j*u> P S* PT « V"

.00 0 0 2 .300 1 .255 0

.01 .00046 .00053 2 .300 1 .255 .00023

.02 .00184 .00211 2.299 1 .255 .00092

.03 .00413 .00475 2 .297 1 .254 .00207

.04 .00733 , .00843 2 .295 1 .254 .00367

.05 .01143 .01314 2 .293 1 .253 .00573

.06 .01641 .01887 2 .289 1 .252 .00824

.07 .02227 .02559 2 .285 1 .251 .01120

.08 .02898 .03330 2 .281 1 .250 .01460

.09 .03653 .04196  ς 2 .276 1 .249 .01844

.10 .04489 .05155 2 .270 1 .247 .022-70

.11 .05405 .06204 2 .264 1 .245 .02740

.12 .06396 .07340 2 .258 1 .244 .03251

.13 .07462 .08560 2 .251 1 .242 .03803

.14 .08599 .09860 2 .243 1 .240 .04396

.15 .09803 .11236 2 .234 1 .237 .05028

.16 .11072 .1269 2 .226 1 .235 .05698

.17 .12402 .1420 2 .217 1 .233 .06406

.18 .13791 .1578 2 .207 1 .230 .07151

.19 .15234 .1742 2 .197 1 .227 .07931

.20 .16726 .1912 2 .186 1 .224 .08745

.21 .1827 .2087 2 .175 1 .221 .09593

.22 .1985 .2266 2 .164 1 .218 .1047

.23 .2147 .2450 2 .152 1 .215 .1138

.24 .2313 .2637 2 .140 1 .212 .1233

.25 .2482 .2828 2 .127 1 .209 .1329

.26 .2654 .3022 2 .114 1 .205 .1429

.27 .2829 .3218 2 .101 1 .202 .1532

.28 .3005 .3416 2 .087 1 .198 .1636

.29 .3183 .3615 2 .073 1 .195 .1744

.30 .3363 .3816 2 .059 1 .191 .1853

.31 .3544 .4017 2 .045 1 .187 .1965

.32 .3725 .4219 2 .030 1 .183 .2078

.33 .3907 .4420 2 .015 1 .180 .2194

.34 .4089 .4622 2 .000 1 .176 .2311

.35 .4270 .4822 1 .984 1 .172 .2430

.36 .4451 .5021 1 .968 1 .168 .2551

.37 .4631 .5219 1 .952 1 .164 .2673

.38 .4811 .5415 1 .936 1 .160 .2796

.39 .4989 .5609 1 .920 1 .156 .2921
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T S
P T V

Μ Piy* V*

.40 .5165 .5800 1 .904 1 .152 .3046

.41 .5339 .5989 1 .888 1 .147 .3173

.42 .5511 .6175 1 .871 1 .143 .3300 •

.43 .5682 .6358 1 .854 1 .139 .3429

.44 .5850 .6537 1 .838 1 .135 .3558

.45 .6015 .6713 1 .821 1 .131 .3687

.46 .6177 .6885 1 .804 1 .127 .3817

.47 .6336 .7053 1 .787 1 .123 .3947

.48 .6493 .7217 1 .770 1 .119 .4078

.49 .6646 .7378 1 .753 1 .115 .4209

.50 .6796 ’ .7533 1 .736 1 .111 .4340

.51 .6943 .7684 1 .719 1 .107 . . 4471

.52 .7086 .7831 1 .702 1 .103 .4602

.53 .7226 .7974 1 .685 1 .100 .4733

.54 .7362 .8111 1 .668 1 .096 .4863

.55 .7494 .8244 1 .651 1 .092 .4994

.56 .7623 .8372 1 .634 1 .088 .5124

.57 .7748 .8496 1 .617 1 .085 .5254

.58 .7868 .8614 1 .600 1 .081 .5383

.59 .7985 .8728 1 .583 1 .077 .5512

.60 .8099 .8837 1 .567 1 .074 .5640

.61 .8209 .8942 1 .550 1 .070 .5768

.62 .8315 .9041 1 .534 1 .067 .5895

.63 .8417 .9136 1 .517 1 .063 .6022

.64 .8516 .9227 1 .501 1 .060 .6148

.65 .8611 .9312 1 .485 1 .057 .6272

.66 .8702 .9393 1 .468 1 .054 .6397

.67 .8789 .9470 1 .452 1 .051 .6520

.68 .8873 .9542 1 .437 1 .048 .6642

.69 .8953 .9610 1 .421 1 .045 .6764

.70 .9029 .9673 1 .405 1 .043 .6885

.71 .9102 .9732 1 .389 1 .040 .7004

.72 .9172 .9787 1 .374 1 .037 .7123

.73 .9239 .9838 1 .359 1 .035 .7241

.74 .9302 .9885 1 .344 1 .032 .7357

.75 .9361 .9928 1 .329 1 .030 .7473

.76 .9418 .9967 1 .314 1 .028 .7588

.77 .9472 1 .0003 1 .299 1 .026 .7701

.78 .9522 1 .0034 1 .284 1 .023 .7813

.79 .9569 1 . 0063 1 .270 1 .021 .7925

•
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M
T T
TT ->

μ
ω
ι 

co
H

 
IE-*

P S p T
Pqy*

V

.80 .9614 1 .0088 1 .255 1 .019 .8035

.31 .9656 1 .0109 1 .241 1 .017 .8144

.82 .9695 1 .0127 . 1 .227 1 .016 .8252

.83 .9731 1 .0142 1 .213 1 .014 .8359

.84 .9765 1 .0155 1 .200 1 .012 .8465

.85 .9796 1 .0163 1 .186 1 .011 .8569

.86 .9824 1 .0169 1 .173 1 .010 .8672

.87 .9850 1 .0173 1 .159 1 .008 .8775

.88 .9874 1 .0173 1 .146 1 .007 .8876

.89 .9895 1 .0171 1 . 133 1 .006 .8976

.90 .9914 1 .0166 1 .120 1 .005 .9075

.91 .9931 1 .0159 1 .108 1 .004 .9172

.92 .9946 1 .0150 1 .095 1 .003 .9269

.93 .9960 1 .0138 . 1 .083 1 .002 .9364

.94 .9971 1 .0125 1 .070 1 .001 .9458

.95 .9980 1 .0108 1 .058 1 .001 .9552

.96 .9987 1 .0090 1 .046 1 .001 .9643

.97 .9993 1 .0071 1 .035 1 .000 .9734

.98 .9997 1 .0049 1 .023 1 .000 .9824

.99 .9999 1 .0026 1 .011 1 .000 .9913
1 .00 1 .0000 1 .0000 1 .000 1 .000 1 .0000


