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Compressible Flow – Normal Shock Waves 

For air:   
k = 1.4, R = 287 J/(kg.K) = 53.3 (ft.lbf)/(lbm.degR) = 1716 ft2/(s2.degR) 

 
1D, steady, adiabatic flow of a perfect gas with no work other than pressure work 

 

   and   

  and   

 
1D, steady, isentropic flow of a perfect gas with no work other than pressure work 

  and     (for air (kair = 1.4), p*/p0 = 0.5283) 

  and   
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Compressible Flow – Normal Shock Waves 

Combine conservation of mass, the linear momentum equation, the 1st Law, the 2nd Law of, the definition 
of the Mach number, and assume a perfect gas: 
 
 
 
 
 
 
 
 
 

  

 

  

 

  

 

  

 

  

 

  

 

 

Ma2
2 =

k −1( )Ma12 + 2
2kMa1

2 − k −1( )

T2
T1

= 2 + k −1( )Ma12⎡⎣ ⎤⎦
2kMa1

2 − k −1( )
k +1( )2 Ma12

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

ρ2
ρ1

= V1
V2

=
k +1( )Ma12

k −1( )Ma12 + 2

p2
p1

= 2kMa1
2

k +1
− k −1
k +1

T02
T01

= 1

p02
p01

= A1
*

A2
* =

ρ02
ρ01

=
k+1
2 Ma1

2

1+ k−1
2 Ma1

2

⎡

⎣
⎢

⎤

⎦
⎥

k
k−1 2kMa1

2

k +1
− k −1
k +1

⎡

⎣
⎢

⎤

⎦
⎥

1
1−k

s2 − s1 = cp ln
T2
T1

− R ln p2
p1

2 1 



Compressible Flow – Normal Shock Waves 

 
  

 

C. Wassgren 540 Last Updated:  14 Aug 2010 
Chapter 12:  Gas Dynamics 
 

2. Now letCs examine the change in entropy across the shock using: 

2 2
2 1

1 1

ln lnp
T ps s c R
T p

� � �  (12.203) 

If we substitute equations (12.198) and (12.200) into equation  (12.203) and plot: 

 
We observe that for Ma1 < 1 the entropy decreases across the shock. The 2nd law, however, states that 
the entropy must increase across the shock (refer to equation (12.185)).  Thus, shock waves can only 
form when Ma1>1. 

 
Also note that as the upstream Mach number approaches one (Ma1�1), the flow through the shock 
approaches an isentropic process.  An infinitesimally weak shock wave, one occurring when Ma1=1, 
results in an isentropic process.  This type of shock is, in fact, just a sound wave. 
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3. Plots of equations (12.198)-(12.202) as a function of Ma1 are shown below: 

 
The plot shows the following relations: 

T2 > T1 and  T2/T1 	 as Ma1 	 
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4. The shock strength is defined as the change in pressure across the shock wave relative to the upstream 

pressure:  �p/p1=p2/p1-1.  Viewing the trends shown in the previous plot, the larger the incoming Mach 
number the stronger the shock wave. 
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Normal shock table for air (k = 1.4) 

  

Normal Shock Tables (Ȗ = 1.4)
Ma1 Ma2 p2/p1 p02/p01 T2/T1  ȡ2/ȡ1

1.00 1.000 1.000 1.000E+00 1.000 1.000
1.02 0.981 1.047 1.000E+00 1.013 1.033
1.04 0.962 1.095 9.999E-01 1.026 1.067
1.06 0.944 1.144 9.998E-01 1.039 1.101
1.08 0.928 1.194 9.994E-01 1.052 1.135
1.10 0.912 1.245 9.989E-01 1.065 1.169
1.12 0.897 1.297 9.982E-01 1.078 1.203
1.14 0.882 1.350 9.973E-01 1.090 1.238
1.16 0.868 1.403 9.961E-01 1.103 1.272
1.18 0.855 1.458 9.946E-01 1.115 1.307
1.20 0.842 1.513 9.928E-01 1.128 1.342
1.22 0.830 1.570 9.907E-01 1.141 1.376
1.24 0.818 1.627 9.884E-01 1.153 1.411
1.26 0.807 1.686 9.857E-01 1.166 1.446
1.28 0.796 1.745 9.827E-01 1.178 1.481
1.30 0.786 1.805 9.794E-01 1.191 1.516
1.32 0.776 1.866 9.758E-01 1.204 1.551
1.34 0.766 1.928 9.718E-01 1.216 1.585
1.36 0.757 1.991 9.676E-01 1.229 1.620
1.38 0.748 2.055 9.630E-01 1.242 1.655
1.40 0.740 2.120 9.582E-01 1.255 1.690
1.42 0.731 2.186 9.531E-01 1.268 1.724
1.44 0.723 2.253 9.476E-01 1.281 1.759
1.46 0.716 2.320 9.420E-01 1.294 1.793
1.48 0.708 2.389 9.360E-01 1.307 1.828
1.50 0.701 2.458 9.298E-01 1.320 1.862
1.52 0.694 2.529 9.233E-01 1.334 1.896
1.54 0.687 2.600 9.166E-01 1.347 1.930
1.56 0.681 2.673 9.097E-01 1.361 1.964
1.58 0.675 2.746 9.026E-01 1.374 1.998
1.60 0.668 2.820 8.952E-01 1.388 2.032
1.62 0.663 2.895 8.877E-01 1.402 2.065
1.64 0.657 2.971 8.799E-01 1.416 2.099
1.66 0.651 3.048 8.720E-01 1.430 2.132
1.68 0.646 3.126 8.639E-01 1.444 2.165
1.70 0.641 3.205 8.557E-01 1.458 2.198
1.72 0.635 3.285 8.474E-01 1.473 2.230
1.74 0.631 3.366 8.389E-01 1.487 2.263
1.76 0.626 3.447 8.302E-01 1.502 2.295
1.78 0.621 3.530 8.215E-01 1.517 2.327
1.80 0.617 3.613 8.127E-01 1.532 2.359
1.82 0.612 3.698 8.038E-01 1.547 2.391
1.84 0.608 3.783 7.948E-01 1.562 2.422
1.86 0.604 3.870 7.857E-01 1.577 2.454
1.88 0.600 3.957 7.765E-01 1.592 2.485
1.90 0.596 4.045 7.674E-01 1.608 2.516
1.92 0.592 4.134 7.581E-01 1.624 2.546
1.94 0.588 4.224 7.488E-01 1.639 2.577
1.96 0.584 4.315 7.395E-01 1.655 2.607
1.98 0.581 4.407 7.302E-01 1.671 2.637
2.00 0.577 4.500 7.209E-01 1.688 2.667

 

Ma1 Ma2 p2/p1 p02/p01 T2/T1  ȡ2/ȡ1

2.00 0.577 4.500 7.209E-01 1.688 2.667
2.02 0.574 4.594 7.115E-01 1.704 2.696
2.04 0.571 4.689 7.022E-01 1.720 2.725
2.06 0.567 4.784 6.928E-01 1.737 2.755
2.08 0.564 4.881 6.835E-01 1.754 2.783
2.10 0.561 4.978 6.742E-01 1.770 2.812
2.12 0.558 5.077 6.649E-01 1.787 2.840
2.14 0.555 5.176 6.557E-01 1.805 2.868
2.16 0.553 5.277 6.464E-01 1.822 2.896
2.18 0.550 5.378 6.373E-01 1.839 2.924
2.20 0.547 5.480 6.281E-01 1.857 2.951
2.22 0.544 5.583 6.191E-01 1.875 2.978
2.24 0.542 5.687 6.100E-01 1.892 3.005
2.26 0.539 5.792 6.011E-01 1.910 3.032
2.28 0.537 5.898 5.921E-01 1.929 3.058
2.30 0.534 6.005 5.833E-01 1.947 3.085
2.32 0.532 6.113 5.745E-01 1.965 3.110
2.34 0.530 6.222 5.658E-01 1.984 3.136
2.36 0.527 6.331 5.572E-01 2.002 3.162
2.38 0.525 6.442 5.486E-01 2.021 3.187
2.40 0.523 6.553 5.401E-01 2.040 3.212
2.42 0.521 6.666 5.317E-01 2.059 3.237
2.44 0.519 6.779 5.234E-01 2.079 3.261
2.46 0.517 6.894 5.152E-01 2.098 3.285
2.48 0.515 7.009 5.071E-01 2.118 3.310
2.50 0.513 7.125 4.990E-01 2.138 3.333
2.52 0.511 7.242 4.911E-01 2.157 3.357
2.54 0.509 7.360 4.832E-01 2.177 3.380
2.56 0.507 7.479 4.754E-01 2.198 3.403
2.58 0.506 7.599 4.677E-01 2.218 3.426
2.60 0.504 7.720 4.601E-01 2.238 3.449
2.62 0.502 7.842 4.526E-01 2.259 3.471
2.64 0.500 7.965 4.452E-01 2.280 3.494
2.66 0.499 8.088 4.379E-01 2.301 3.516
2.68 0.497 8.213 4.307E-01 2.322 3.537
2.70 0.496 8.338 4.236E-01 2.343 3.559
2.72 0.494 8.465 4.166E-01 2.364 3.580
2.74 0.493 8.592 4.097E-01 2.386 3.601
2.76 0.491 8.721 4.028E-01 2.407 3.622
2.78 0.490 8.850 3.961E-01 2.429 3.643
2.80 0.488 8.980 3.895E-01 2.451 3.664
2.82 0.487 9.111 3.829E-01 2.473 3.684
2.84 0.485 9.243 3.765E-01 2.496 3.704
2.86 0.484 9.376 3.701E-01 2.518 3.724
2.88 0.483 9.510 3.639E-01 2.540 3.743
2.90 0.481 9.645 3.577E-01 2.563 3.763
2.92 0.480 9.781 3.517E-01 2.586 3.782
2.94 0.479 9.918 3.457E-01 2.609 3.801
2.96 0.478 10.055 3.398E-01 2.632 3.820
2.98 0.476 10.194 3.340E-01 2.656 3.839
3.00 0.475 10.333 3.283E-01 2.679 3.857


