Compressible Flow Tables for an Ideal Gas with k = 1.4
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0.20 0.9725 0.9803 0.9921 20000
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0.30 0.9395 0.9564 0.9823 2.0351
0.35 0.9188 0.9413 0.9761 1.7780
0.40 0.8956 0.9243 0.9690 1.5901
0.45 0.8703 0.9055 0.9611 1.4487
0.50 0.8430 0.8852 0.9524 1.3398
0.52 0.8317 0.8766 0.9487 1.3034
0.54 0.8201 0.8679 0.9449 1.2703
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0.74 0.6951 0.7712 0.9013 1.0681
0.76 0.6821 0.7609 0.8964 1.0570
0.78 0.6691 0.7505 0.8915 1.0471
3.82 0.6560 0.7400 0.8865 1.0382
0.:4 0.6430 0.7295 0.8815 1.0305
0-86 0.6300 0.7189 0.8763 1.0237
0-88 8.6170 0.7083 0.8711 1.0179
: 6041 0.6977 0.8659 1.0129
0.90 0.5913 0.6870
: 0.8606 1.0089
0.92 0.5785 0.6764
: 0.8552 1.0056
0.94 0.5658 0.6658 - :
: - 0.8498 1.0031
0.96 0.5532 0.6551 '
: 0.8444 1.0014
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Supersomc Flow Normal Shock Wave
P /P LY - plp, T/T, A/Ax M, PP Ty T, P,/ Py,
0.5283 0.6339 0.8333 1.000 1.0000 1.000 1000 |  1.0000
1.01 0.5221 0.6287 0.8306 1.000 09901 |  1.023 1.007 ‘ 0.9999
102 0.5160 0.6234 0.8278 1.000 09805 | 1047 |  1.013 : 0.9999
103 0.5099 0.6181 0.8250 1.001 0.9712 1.071 1020 | 09999
i | 05039 0.6129 0.8222 1.001 0.9620 1095 | 1026 0.9999
105 | 04979 0.6077 0.8193 1.002 0.9531 1120 | 1033 0.9998 |
1.06 0.4919 0.6024 0.8165 1.003 0.9444 1.144 1.039 09997 |
1.07 0.4860 0.5972 0.8137 1.004 0.9360 1.169 1046 | 0999
1.08 0.4800 0.5920 0.8108 1.005 0.9277 1.194 1052 | 09994 |
1.09 0.4742 0.5869 0.8080 1.006 0.9196 1.219 1.059 0.9992 |
1.10 0.4684 0.5817 0.8052 1.008 0.9118 1.245 1.065 0.9989
111 0.4626 0.5766 0.8023 1.010 0.9041 1.271 1.071 0.9986
112 0.4568 0.5714 0.7994 1.011 0.8966 1.297 1.078 0.9982
113 0.4511 0.5663 0.7966 1.013 0.8892 1.323 1.084 0.9978
1.14 0.4455 0.5612 0.7937 1.015 0.8820 1.350 1.090 0.9973
1.15 0.4398 0.5562 0.7908 1.017 0.8750 1.376 1.097 0.9967
1.16 0.4343 0.5511 0.7879 1.020 0.8682 1.403 1.103 0.9961
117 0.4287 0.5461 0.7851 1.022 0.8615 1.430 1.109 0.9953
118 0.4232 0.5411 0.7822 1.025 0.8549 1.458 1.115 0.9946
1.19 0.4178 0.5361 0.7793 1.026 0.8485 1.485 1.122 0.9937
1.20 0.4124 0.5311 0.7764 1.030 0.8422 1.513 1.128 0.9928
1.21 0.4070 0.5262 0.7735 1.033 0.8360 1.541 1.134 0.9918
122 0.4017 0.5213 0.7706 1.037 0.8300 1.570 1.141 0.9907
1.23 0.3964 0.5164 0.7677 1.040 0.8241 1.598 1.147 0.9896
1.24 03912 0.5115 0.7648 1.043 0.8183 1.627 1.153 0.9884
1.25 03861 0.5067 0.7619 1.047 0.8126 1.656 1.159 0.9871
1.30 0.3609 0.4829 0.7474 1.066 0.7860 1.805 1.191 0.9794
1.35 50 0.4598 0.7329 1.089 0.7618 1.960 1.223 0.9697
1.40 e 0.4374 0.7184 1115 0.7397 2.120 1.255 0.9582
1.45 0.2927 0.4158 0.7040 1.144 0.7196 2286 1.287 0.9448
— 150 | 02724 0.3950 0.6897 1.176 0.7011 2.458 1.320 0.9278
~ 155 | 02533 0.3750 0.6754 1212 0.6841 2.636 1.354 0.9132
=160 | 02353 0.3557 0.6614 1.250 0.6684 2.820 1.388 0.8952
— 165 | o184 0.3373 0.6475 1.292 0.6540 3.010 1.423 0.8760
~ 170 | o206 0.3197 0.6337 1.338 0.6405 3.205 1.458 0.8557
— 175 | o178 0.3029 0.6202 1.386 0.6281 3.406 1.495 0.8346
18 | 1740 0.2868 0.6068 1.439 0.6165 3.613 1.532 0.8127
55 62 0.2715 0.5936 1.495 0.6057 3.826 1.569 o0
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TABLE A.1 Compressible Flow Tables for an Ideal Gas with k = 1.4 (Continued)

: - Supersonic Flow ; R o ;
l SER PP 'p/pf ol T/Tt' R A/A- :- ‘. M2
1.90 0.1492 0.2570 0.5807 1.555 0.5956
1.95 0.1381 0.2432 0.5680 1.619 0.5862 4.270 1.647 0.7442
2.00 0.1278 0.2300 0.5556 1.688 0.5774 4.500 1.688 0.7209
2.10 0.1094 0.2058 0.5313 1.837 0.5613 4.978 1.770 0.6742
2.20 09352711 0.1841 0.5081 2.005 0.5471 5.480 1.857 0.628}*_‘
2.30 0.7997! 0.1646 0.4859 2.193 0.5344 6.005 1.947 0.5833 y
2.50 0.58537! 0.1317 0.4444 2.637 0.5130 7.125 2.138 0.4990
2.60 0.50127! 0.1179 0.4252 2.896 0.5039 7.720 2.238 0.4601
2.70 0.42957! 0.1056 0.4068 3.183 0.4956 8.338 2.343 0.4236
2.80 0.36857! 0.94637* 0.3894 3.500 0.4882 8.980 2.451 0.3895
2.90 0.31657! 0.84897! 0.3729 3.850 0.4814 9.645 2.563 0.3577
3.00 0:27227] 0.76237* 0.3571 4.235 0.4752 10.330 2.679 0.3283
3.50 0i311E! 0.45237! 0.2899 6.790 0.4512 14.130 3815 0.2129
4.00 0.6586 2 0.2766" 0.2381 10.72 0.4350 18.500 4.047 0.1388
4.50 0.345572 0.17457! 0.1980 16.56 0.4236 23.460 4.875 0.91707!
5.00 0.1890* 0.1134" 0.1667 25.00 0.4152 29.000 5.800 0.61727"
5.50 0.107572 0.7578* 0.1418 36.87 0.4090 35.130 6.822 0.42367"
6.00 0.6334 2 0.519472 0.1220 53.18 0.4042 41.830 7.941 0.2965""
6.50 0.3855 2 0.364372 0.1058 75.13 0.4004 49.130 9.156 02115~
7.00 241673 26097 | 0925971 | 104.1 : RSy ; 5
7.50 Z.Tis; 2.1904‘2 0.81637" 141.8 2.232: % 7 0.1535-1
800 | 010247 | 014142 | 07246 | 1901 0.3929 “74.\0 % o
8.50 0.6898 0.1066 2 0.64727 251.1 0:3912 8\.500 22 0488~
9.00 04739~ | 08150~ | ossiet | 3272 0.3898 % =% 0’6449—2
9.50 0.33147* 0.631372 0.52497! 421.1 0.3886 10\.33016& i
e >.100 18.49 0.3866°
10.00 0.2356* | 0494873 | 047627' | 5359 03876 e e S o
X" means x - 107", . wess -

Source: Abridged with permission from R. E. Bolz and G, L. Tuve, The Handbook of Tables for Applied Eno:
£ z ) E . L
Cleveland, 1973. Copyright © 1973 by The Chemical Rubber Co., CRC Press, Inc. Jicizete "§incering Sciences, CRC Press, Inc.,
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FIGURE A.3 _ Temperature, °C
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1.22 ‘ 146 X 105
. 0 287
(0.00237 » 1004
- ) (1.58 X 104 (1716) (0.240)
CarbOn dioxide 1.85 7.84 X 10-6 et \
(00w 2 el 222
= . 108" (1130) (0.201) ‘ (400)
& . . 69 = T —— s — s
~ Helium (0.00033) 114 % 10:: 2077 5187 1.66 794
. (1.22 % 1073 (12,419) (1.24) ; (143)
 Hydrogen ((;)6008051 1.01 X 107 4127 14,223 Bl S| 7 gt
i -00017) (1.09 X 1073 (24,677) (3.40) (174)
1 \ —— —
~ Methane (natural gas) 0.678 1.59 X 105 518 2208 1.31 198
(0.0013) (1.72 X 1074 (3098) (0.528) (356)
= 5 e
~ Nitrogen 118 1.45 X 1075 297 1041 1.40 107
- (0.0023) (1.56 X 1074 (1776) (0.249) (192)
- Oxygen 1:35 1.50 X 1075 260 916 1.40
— (0.0026) (1.61 X 1074 (1555) (0.219)
- Source: V. L. Streeter (ed.), Handbook of Fluid Dynamics, McGraw-Hill Book Company, New York, 1961; also R. E. Bolz and G. L. Tuve, Handbook of
Tables for Applied Engineering Science, CRC Press, Inc. Cleveland, 1973; and Handbook
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of Chemistry and Physics,

Chemical Rubber Company, 1951.




646 APPENDIX

=2MC

1.61 X 10~°

1.16 X 10~

—10°C

1.67 X 107

1.24 X 107°

0°C

L 52 3

1.33 X 1075

10°C

1176 1052

1.41 X 1075

20°C

1.81 X 107°

1.51 X 107>

30°C

1.86 X 107°

1.60 X 107

40°C

1.91 X 107°

1.69 X 107°

50°C

1.95 X 107°

1.79 X 10~°

60°C

2.00 X 107°

1.89 X 107°

70°C

2.04 X 107°

1.99 X 107°

80°C

2.09 X 107°

2.09 X 107°

90°C

2.13 X 107°

2.19 X 107°

100°C

Q7105

2.29 X 107°

120°C

226 X 10~°

2.51 X 107°

140°C

2.34 X 107°

2.74 X 107°

160°C

2.42 X 107°

2.97 X 107°

180°C

2.50 X 107°

3D0PE107°

200°C

0°F

0.00269

0.0866

2.57 % 107>

3.39 X 1077

344 X10°°

1.26 X 1074

20°F

0.00257

0.0828

3.51 X 1077

1.37 X 1074

40°F

0.00247

0.0794

3.63 X 1077

60°F

0.00237

0.0764

3.74 X 1077

80°F

0.00228

0.0735

3.85 X 1077

100°F

0.00220

0.0709

3.96 X 1077

120°F

0.00213

0.0685

4.07 X 1077

150°F

0.00202

0.0651

4 23S0z

200°F

0.00187

0.0601

4.48 X 1077

300°F

0.00162

0.0522

4.96 X 1077

1.47 X 1074

1.58 X 10~*

1.69 X 107*

1.80 X 10°*

1.91 X 107*

2.09 X 107*

400°F

0.00143

0.0462

5.40 X 1077

2.40 X 1074
3.05 X 107*
77 S0

Source: Reprinted with permission from R. E. Bolz and G. L. Tuve, Handbook of Tables for Applied Engineering Science,

CRC Press, Inc., Cleveland, 1973.
Copyright © 1973 by The Chemical Rubber Co., CRC Press, Inc.
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'“"'»;'Kmematnc - Surface
ight Bl V1sc091ty | Viscosity |  Tension _.
2 ) : N/m3 (lbf/ft’) N s/m” (Ibf- s/ftz) m?/s (ft*/s) | N/m* (Ibf/ft)
. e .
gyl alcohel (17?9 0.79 7,850 749 (1 TIOR8 ) 5
20°C (68°F) ) 22 Py | (50.0) (2.5 X 107%) (L6 R0 S (500102
- 1.3 s — —_— —
Carbon tetrachloride 1,590 1.59 15,600 9.6 X 10~ 60X 107 | 2.6x 1072
20°C (68°F) (3.09) [} OI XL (99:3) (2.0 X 1079) (65%107%) | (18X 107%)
Giycerine” 1,260 1.26 12,300 141 L12X 107 | 63% 107
WiGIos 1) (%43) el 01 x| (78.5) (2.95 X107 (122X 107%) | (43X 107%
'Kerosene‘”f’ 814 0.81 8,010 1.9 X 1073 2,37, %1055 k028, 107"
20°C (68°F) (1.58) (51) (4.0 X 1079) (255X 107%) | (2.0 X 107%)
Mercury™® 13,550 13.55 133,000 1.5 X 1073 1310777 g 107!
20°C (68°F) (26.3) (847) (3.15x 1072) (13X107%) | (3.3X107).
gea water 10°C 1,026 1.03 10,070 il S TS 14X 0%E
at 3.3% salinity (1.99) (64.1) (2.95<0105) (1.5 2:107°)
0ils—38°C (100°F) 870 0.87 8,530 3I6DSLOR2 4151052
SAE 10W® (1.69) (54.4) (7.5 X 107%) (4.4 X 107%)
SAE 10W-30") 880 0.88 8,630 6.7 X 1072 7.6 X 107°
(1.71) (55.1) (1.4 X 107%) (82x107%
SAE 30 880 0.88 8,630 1010 LS
(1.71) (55.1) (2.1 X 107%) (1.2 X 1073)

*Liquid-air surface tension values.

Source: (1) V. L. Streeter, Handbook of Fluid Dynamics, McGraw-Hill, New York, 1961; (2) V. L. Streeter, Fluid Mechanics, 4th ed., McGraw-Hill, New
York, 1966; (3) A. A. Newman, Glycerol, CRC Press, Cleveland, 1968; (4) R. E. Bolz and G. L. Tuve, Handbook of Tables for Applied Engineering Sciences,
CRC Press, Cleveland, 1973. »
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TABLE A.5 Approximate Physical Properties of Water* at Atmospheric Pressure

o B Lk 3 L : : —

03& 1000

J ‘98‘10” 1.75 S0 1795431058 611
e 1000 9810 151X 102° 51 <10:° 872
10°C 1000 9810 131 X 107° 1.31 X 107¢ 1,230
15°C 999 9800 1.14 X 1072 1.14 X 107° | 1,700 i
20°C “ 998 9790 1.00 X 1073 1.00 X 1076 2,340 -
25°C 997 9781 8.91 X 1074 8.94 X 1077 3,170 B
30°C 996 9771 7.97 X 1074 8.00 X 1077 4,250
306 * 994 9751 7.20 X 1074 72421057 5,630 )
40°C 992 9732 6.53 X 1074 6.58 X 1077 7,380
50°C 988 9693 547 X 107* 5.535¢)10~7 12,300
60°C 983 9643 4.66 X 1074 4.74 X 1077 20,000
70°C 978 9594 4.04 X 107* 4.13 X 1077 31,200
80°C 972 9535 3.54 X 1074 3.64 X 1077 47,400
90°C , 965 9467 3.15 X 1074 3.26 X 1077 70,100
100°C 958 9398 2.82x107* 2.94 X 1077 101,300
40°F . 1.94 62.43 3.23 X 107° 1.66 X 1075 0.122
50°F 1.94 62.40 2.73 X 1075 141 X 105 0.178
60°F 1.94 62.37 : 2.36 X 1075 1.22 X 1075 0.256
70°F 1094 62.30 2.05X107° 1.06 X 107° 0.363
80°F 1.93 62.22 1.80 X 1075 0.930 X 10~° 0.506
100°F 1.93 62.00 1.42 X 1075 0.739 X 105 0.949
120°F 1.92 61.72 117 X 1073 0.609 % 105 1.69
140°F o1 61.38 0.981 X 107° 0.514 X 10~5 2.89
160°F 1.90 61.00 0.838 X 1075 0.442 % 10-5 i
180°F 1.88 60.58 0.726 X 1075 0385 x 1075 751
200°F 127 60.12 0.637 X 1075 0.341 X 10-5 .
212°F % 1.86 59.83 0.593 X 1075 0.319 X 10-5 14.70
i *Notes: Bulk modulus E, of water is approximately 2.2 GPa (3.2 X 10° psi). R

Source: Reprinted with permission from R_ E. Bolz and G. L. Tuve,

Handbook of Tables for Applied Engineerin Scien
Copyright © 1973 by The Chemical Rubber Co., CRC Press, Inc. 3 R e

Inc., Cleveland, 1973.




