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1. Introduction

Equilibrium conditions behind the incident and reflected shock wave
are evaluated using the method of Ref. 1. In this method the enthalpy of the
gas is regarded as the sum of two parts: (1) the enthalpy evaluated for a gas
consisting of rigid molecules having no internal excitation and (1i) a correc-
t1on term to be added to (i), to take account of internal excitation.  The
specific enthalpy, h, 1s given by the following expression:

h=<1+E>RT+¢(T) ==s (1)

2
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n
where (1 + ;:) RT 1is the specafic enthalpy for rigid molecules of n degrees
of freedom (n =3, 50r 6 according as the gas particles are monatomic, linear
molecules or non-linear molecules respectively). R 1s the gas consta;t per
gramoe . The term ¢(T) represents the contribution to the enthalpy due to
internal excitation of the molecules. There is also a pressure-dependent part
to the enthalpy but, under pmany shock-tube conditions, this is very small and is
neglected here. The method of calculation is briefly outlined below.

2. Calculation of Conditions behind the Incident Shock Wave

From the equations of state and continuity snd the equations of conserva-
tion of momentum and energy the following two equations may be deriveal:

e ()d - 2)
v (1+Z>‘[{(1Z)<‘E)}2(n1>{h¢(m>ﬂ ”’

ave (3)

where i1, m and hy are constants of the flow given by

i = pi+ p1 us®
mn = fpa1 W
ho = h1+%—u49

P1, P+ and hi are the initial pressure, density end specific enthalpy
and uy is the speed of the incident shock wave. Tg is the temperature
behind the incident shock and wua  is the speed of the gas downstream of the
shock in a frame of reference an which the shock is stationary.

Equations (2) and (3) are simultaneous equations for us and Ta .
As a first approximation, we put $(T3) =0 an (3) (i.e. we assume no internal
excitation of the molecules) and the first approximation to wus  is calculated.
This is then used an (2) to derave Ty . With a knowledge of Ty , ¢(Tn )
can be determined from cnthalpy tables. This new ¢{Ta) 1s substituted in
(3) and the cycle repeated. It 1s found that successive solutions oscillate on
either side of the true solution and convergence is greatly assisted if each
new solution is taken as the arithmetic mean of the previous two solutions.

With the solutions for ug and Ty the remaining conditions behind the
incirdent shock wave are readily calculated.

3./



3. Caloculation of Conditions behind the Reflected Shock Wave

The equations of state, continuity, momentum and energy lead to the
following two equations!:

I U uz
Ta = -+ u B EE— eee
’ (M 3>R(u3+U) ()
1 ny 1 Ho - ¢(T3)
u:=--{<1+—>—-U-——-——}
n 2/ M U
1 n, I Ho- ¢(Ts) ~® t/2
+~[{(1+—>— -U-———--—-—-———} +2n{Ho—¢(T3)}]
n 2/ XM U
st (5)
where
U = ug=-ug
I = pa+ paU®
M = PQU

Ho = hn-l-%’UB

all of which are known since conditions 2 are obtained from the solutions of
the equations for the incident shock wave. 13 18 the speed of the reflected
shock wave and T3 is the {temperature behind the reflected shock.

The calculation proceeds as for the incident shock wave: a first
approximation to uz is found by putting ¢(Ts) = O and this is used as the
starting point for the iteration.

The calculations were carried out for equal intervals of 0O+% in
incident shock Mach number and the range of shock speed was adjusted for each
ges 30 that the complete range of tabulated enthalpy was covered.

It was found convenient for the computer calculation to represent
the enthalpy of each gas by a sum of Chebyshev polynomials as outlined in
Section 4 below.

The results of these calculations are given in Tables 5.1-5.8.

L. Representation of the Enthalpy of Chebyshev Polynomials

The {tables of Hilsenrath et a12 were used to provide enthalpy data
for air, argon, carbon dioxide, carbon monoxide, hydrogen, nitrogen and
oxygen. The tables of McBride et al¥% provided enthalpy data for nitrous
oxide. All the data used are for ideal gases in which no account is taken
of the dependence of enthalpy on pressure and the effects of dissociation and

ionisation are neglected.
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The enthalpy date for each gas are fitted by a polynomial, which is
a "best fit" in the least squares sense, of the form:

- L
b o= 6 +C, %, (xr) + C’ xz(xr) + oeee + Ck X, (xr) + ees t CJ Xd(xr)

eer (6)

where J is the degree of the polynomial and €, is the kth Chebyshev coeffi-

cient of the Chebyshev polynomial Xk(xr) » h 1s the enthalpy and x _ is given
by

X, = A er +u M
2
N e — e (D)
o -6, }
6m+ 8,
g = =
8 -0 J

where er is the temperature corresponding to the rth entry in the enthalpy
table and r =1, 2, ..o 2 . Br is in ascending order of magnitude.

A computer programme, based on the method of Davas and Robertsonh was
used to evaluate the Chebyshev coefficients for the various sets of enthalpy data.
The number of terms in (6§ was chosen to be sufficient to fit the tabulated en-
thalpy data to better than 3 significant figures over the whole range of tempera-
ture. The Chebyshev coefficients for the various gases are given in Table 6.

5. Shock Tables

Nomenclature

M = Mach number of incident shock wave based on the
speed of sound ahead of the shock.

ut = Speed of incident shock wave in cms per second.

P21 = Pressure ratio across incident shock wave.

21 = Density ratio across incadent shock wave.

T2 = Temperature behind incident shock wave in degrees
Kelvin. (In all cases, the temperature T, ahead
of the shock is 293°K).

g2 = Speed of gas behind incident shock in cms per
second.

P31 = Pressure ratio across the reflected shock wave.

R31 = Density ratio across the reflected shock wave.

T3 = Tempe rature behind the reflected shock wave in
degrees Kelvin.

U3 = Speed of reflected shock wave in ¢ms per second.

Mhe /
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The results for the various gases are given in Tables 5.1-5.8.

The tables do not take into account the effects of dissociation since
they rely on enthalpy data in which dissociation was ignored. Therefore, t he
tables must be used with caution at high temperatures and low pressures. Fig. 1
shows bourdaries for 6 of the 8 gases in the p,T plane along which there is
1 per cent increase in compressibility due to dissociation (and chemical reac-
tion in the case of air). These boundaries were calculated using the "JANAF
Thermochemical Data"5. Moving to the left and upwards from the boundary for
any gas the tables can be used with increasing confidence; moving to the right
and downwards from a boundary the tables become less accurate.

A boundary for argon does not appear in the p,T plane as nowhere

within the bounds of the plane shown does it achieve 1 per cent ionisation.
Nitrous oxide (Ng0O) is omitted too since the reaction

NgO &2 Nz+% 0g

is exothermic and a boundary does not exist in the p,T plane.

No account has been taken of relaxation time. In regions behind
shock waves where there is full equilibrium of internal excitation but before
there is appreciable dissociation or chemical reaction, the tables will be
accurate.

Tables 5,1-5,8/



6. Table of Chebyshev Coefficients

The coefficients in Table 6 may be used to derive enthalpy over the
specified temperature range by use of equation (6). The enthalpy generated

is in the dimensionless form H/RT,

where R 18 the gas constant and

To = 273°16°K . The temperature, in degrees Relvin, must be transformed

according %o equation (7).
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Table 6

Gas Temperature Range Chebyshev Coefficients
Air 250 - 3000°K Co = L4-68677807, +1
Ca = 2:10226383, +1

Ca = 6'476383881 -1

Cz = -1+35679492, -1

Ca = 1-70648402, -2

Cs = 783222069, -3

Ce = =-7+67614091, -3

Cr = 358417033, -3

Ca = ~9-89829902, -4

Ce = 599110415, -6

Cio = 2°08067305, -&

Argon 250 - 5000°K Co = 4280487646, +1
C: = 2+17363437, +1

Carbon Dioxide 250 — 5000°K Co = 1+25746776, +2
€1 = 6227763909, +1

Ca = 1°96793967, +0

Ca = =7+62005141, —1

Cqa = 331053452, -1

Cs = =1+31419391, -1

Ce = 477501858, -2

C7 = =1-56437941, -2

Ce = 4°6189541L, ~3

Ce = =1-39852246, -3

01° = 6" 14.0561 6’-}-8, "L]-

Cia = =4+2110550%4, -4

Ciz = 151901735, -4

Carbon Monoxide 250 - 5000°K Co = 7°93788501, +1
Cs = 3078265814, +1

Ca = 9$-14801170, -1

Cz = =3-18792491, -1

Ca = 1-0776282%, ~1

Cs = -2+25687609, -2

Cs = -L4-74870239, -3

Cs = 9-10501648, -3

Ce = =6+98797773, =3

Co = 367347931, -3

Caio= =1-79443795, -3

Table 6 (contd.}/




Table 6 (Contd.)

Fas Temperature Range Chebyshev Cecefficients
Hydrogen 250 - 5000°K Co = 7+69316603, +1
Ci = 371667578, +1

Ca = 1+ 71605946, +0

s = =-1-70349186, -1

Ca = -1+50907122, =2

Cs = 363587547, -2

Ce = =-1-70183463, -2

Cs = 250764223, -3

Ce = 3°74125707, -3

Ce = -3-70886691, -3

Cio = 1'6082}41{-31, —3

011 = —9'08727266, '-J+

Cig = 6'05614.614.60, =4

Nitrogen 250 - 5000°K Co = 7-88164660, +1
Ce = 375698741, +1

Ca = 958209877, 1

Cs = —3e 2331514-11, ~1

Ca = 979042425, -2

Cs = =1+364142033, -2

Ce = -9-61825963, -3

Cq = 1- 11124251, -2

Cs = =7-14712647, -3

Co = 3+37438633, -3

Cio0 = =1-17595304, -3

Natrous Oxide 100 - 6000°K Co = 1+53631304, +2
Ci = 8'06172075, +1

Cg = 3+09618315, +0

Ca = =-1-01421975, +0

Ca = 547298192, -1

s = =2°52710661, -1

Ca = 1'08582218, -1

Cq = =4+27628604, -2

C g8 = 1'52831'“}-2, -2

Co = -4+98668045, -3

Co = 1°54193724, -3

Cia = =5-01327698, -4

Cig = 1*37830560, -4

Table 6 (Contd.)/
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Table 6 (Contd.)

ras Temperature Range Chebyshev Coeffaicients
Oxygen 250 - 5000°K Co = 837078463, +1
€1 = 4-04393305, +1

Ca = 142092080, +0

Cs = =2+44145725, -1

Cq = 6.80734190, -2

Cs = =4+47649273, -2

Ce = 2+* 01324076, -2

Gy = =3.29978871, -3

Ce = -312089396, -3

G 8 = 3' 5801}4-681#, -3

10 = =-2+50900883, -3

Cia = 1+35522549, -3

Cia = -6°71371962, -4
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AIR

T1 797.0 Table 5.1
INCIDENT SHOEK REFLECTED SHOCK

M ni Pzl R21 T2 Uz N | RI1 T3 U3
1e10 779, +4 le25 117 31z S5e52%, +3 1455 1«37 132 34334, +4
120 el 22, +4 lefh2 o34 3] 1056, +4 7425 le?78 370 Ja?72, +4
1«30 dedrtr, +4 1.281 152 349 1+526, +4 312 2423 40¢ 36237, +4
1440 4,009, +4 el 169 368 14270, +4 4419 273 440 Je221s »4
les0 Relf, +4 2e47 187 3a7 24393, +4 5445 3+25 4] J.221, +4
1«60 SetPh, +4 fe873 204 407 2.800, +4 be92 3+80 533 34231, +4
1«70 SeBidiy, +4 Ju22 ?a21 427 3193, +4 Baehl 4437 577 Je251, +4
l«00 te181, +4 363 2437 448 3.574, +4 10.53 4495 623 3a278, +4
1a20) beR27, +4 4406 2a51 471 TJe%47, +4 1248 5455 670 Js311, +4
2400 6+BT70, +4 44,52 2468 494 4,311, +4 15.06 6eld 719 3.348, +4
2410 7e214, +4 S0} Z2.83 517 44669, +4 17.68 He7 4 760 .39, +4
2420 Te557, +4 501 2.98 542 50721, +4 20,55 T34 azi1 Jed472, +4
2430 T«%01, +4 ho04 J.12 ShHB 54366, +4 23446 Te93 874 3,479, +4
2e40 8.244, +4 6e60 3425 594 S+711s +4 27 .02 853 929 36527, +4
2350 A 5NB, +4 Tel8 71,39 621 Ga051, +4 30,63 Fell 85 J4577, +4
2+60 Re931, +4 7478 d.51 650 6387, +4 34 .47 69 1042 Jeb27, +4
2«70 9,275, +4 8441 3,63 679 be721s +4 38.061 1027 1oz 679, +4
2480 Peb18, +4 .07 375 708 74053, +4 42.99 1083 1163 247323, +4
2490 Pe962, +4 475 .86 739 74383, +4 47464 1139 1225 34788, +4
3400 1eDJis +5 10,45 Ie97 771 T«710, +4 52451 11«93 1269 34845, +4
3«10 1,065, +5 11418 4.0R ani ReN3b, +4 57468 12447 1355 ,902, +4
3a20 1.099, +5 11,93 4418 836 Bedb2, +4 63.12 1300 1423 3.960, +4
330 14134, +5 12,71 428 a70 BabB&, +4 6A.R4 13«52 1492 4,019, +4
340 l«168, +5 13.51 4437 05 9.007, +4 TA447H 1402 1562 4.079, +4
JebD 1e202, +5 14.34 dedb 941 4329, +4 81,03 1452 1635 4,140, +4
3«60 1e277+ +5 15419 4455 s Feb50, +4 BT 57 1501 1709 4,201, +4
370 14271, +4 16,07 464 1015 9971, +4 94,38 15649 1785 4.263, +4
3«80 1305, +5 1697 4472 1052 14029, +5 101.47 15697 1862 44325, +4
3¢90 l+34G, +5 17.90 4.81 1091 1e06Ls +5 108,84 1643 1941 4.388, +4
4.130 1374, +5 18.85 d.B8 [13al 140093, +5 l16s44 1687 2023 4,453, +4
4+10 16408, +5 19483 4496 t171 1al24, +5 12436 1731 2104 44515, +4
4.20 1443, +6 20.83 5,04 1212 14156, +5 132.57 1775 2189 44580, +4
4430 1477, +5 21 e 86 5411 1254 14188, +5 141,07 1817 2275 44,645, +4
44410 1eSE1ls +5 272492 5.18 1297 14220, +5 142,85 18«58 2363 44710, +4
4450 1e546, +5 24,00 5425 1340 14251, +5 158,91 1899 2452 44776, +4
460 150U, +5 75.10 5431 1384 14283, +5 168427 19«38 2543 4,842, +4
4.70 1ab14, +5 26423 5438 1429 1,314, 45 17790 1977 2636 4,909, +4
44830 1a649, +5 27«38 Se44d 1475 le34b, +5 187.82 2015 2731 4,975, +4
4490 lebA3, +5 28456 Se50 1522 143774 +5 198,03 2052 2827 5.043, +4
54N0 [«718, +5 2977 54586 1569 14409, +5 208,53 20«89 2925 54110, +4
5410 1e752, +5 3t.00 S5e402 1617 1ed440, +5

520 1786+ +5 32.25 Seb67 166A 1,471, +5

5430 LeB21, +5 33.53 S5.73 1715 14503, +5

5640 14855, +5 94 .84 5478 1766 1534, +5

5450 14889, +5 Jbel b 5.83 1817 1a565, +5

Sebl) 1a924, +5 A7 452 5.83 1369 14596, +5

570 12958, +5 38 .90 593 1922 1e62B, +5

5«80 1a372, +5 40430 5.98 1976 1ab659, +5

Se30 2027, +5 41,773 6e02 2030 1690, +5

6e}0 2061, +5 43419 6407 2085 1a721, +5

bte10 70095, +5 444,467 balt 2141 1753, +5

6420 2e130, +5 46417 balb 2198 14784, +5
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29320

INCIDENT SHOCK

M

6430
6440
beBN
6ahf)
&e70
600
b0
700
710
Te+20
730
7440

Ul

Z2s 164,
22198,
24233,
2¢267,
24304,
24336,
2370,
24405,
2439,
2+473,
2-505!
2e542,

+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
5
+5

P21

47470
49,26
50484
5244
54,07
5573
57+41
59.11
60.85
62460
64438
bbbl 9

R21

5,720
be24
64,28
6432
badb
6439
6443
be46
650
6453
6457
6460

T2

2255
2314
2373
2432
2493
2554
2617
2680
2747
2808
2873
2940

Uz

1.815,
1,846,
1,877,
14908,
1.93%,
14970,
2-00]:
2032,
24064,
2+095,
2.’26’
24157,

+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5

+5
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18 297.0 Table 5.2
INCIDFNT SHOUK REFLECTED SHODCK

M ul P2l R21 12 uz P3l R T U3
110 34517, +4 1a27 1e15 323 4,696, +3 160 1e¢32 354 3,204, +4
1420 T1.R36, +4 leB6 1430 35| B,%01, +3 2.+35 1sh6 414 34243, +4
1430 44156, +4 1.87 1,45 80 14283, +4 327 2+01 477 3.300, +4
140 4.476, +4 2.21 le59 409 o653, +4 4.37 2+36 542 3.373, +4
1«50 4,795, +4 2458 1.72 439 22007, +4 5467 Pe72 611 J 4658, +4
a0 5.115, +4 2497 1435 471 243465 +4 7el6 307 484 3«551, +4
170 52435, +4 3.38 1497 504 2673, +4 8.04 Jedl 760 3,653, +4
180 S5¢754, +4 J.82 2.08 533 2+990, +14 10.72 374 840 34760, +4
1490 beT74, +4 4,29 Z2el19 574 3,301, +4 12797 4406 924 J.874, +4
200 6394, +4 4478 2429 611 Jab03, +4 1506 436 1012 3992, +4
2410 be714, +4 Se29 2439 650 3,900, +4 1752 44565 1104 44,114, +4
220 7033, +4 5483 2447 650 44191, +4 20417 492 1201 4,239, +4
2«30 Ted53, +4 6a40 2456 733 4,478, +4 23.01 5e18 1302 44368, +4
2440 Te673, +4 699 2464 TT7 4,761, +4 26404 542 tany 4.409, +4
250 7e9292, +4 7abl 2.71 523 54040, +4 29425 S5et5 1514 4632, +4
260 ARe3l2, +4 Be25 2478 871 54317, +4 A2 eH4 587 1429 d,THT, +4
270 Reb32, +4 8.91 2.84 920 54591, +4 3622 6«07 1747 4,905, +4
280 Be951, +4 Q.60 2290 971 54862, +4 39.97 6a26 1869 5043, +4
290 Qe271, +4 10,32 2495 1024 6.131! +4 43-90 bed d 1994 SalB4, +4
J«00 QeBH21s +4 11.086 3.00 1079 held9B, +4 48,01 6ebl 2127 5325, +4
3«10 GeP1l1l, +4 11.83 J.05 1138 bebbds +4 52429 677 2262 5edtB, +4
3e20 1023, +5 1262 3410 1194 62927, +4 5674 6e92 2402 52612, +4
330 1.085, +5 13.44 3.14 1254 7el%0s +4 6ledb 7406 2546 S5e757, +4
340 1.0A7, +5 14,28 J.183 1315 7451, +4 6615 719 2694 54902, +4
350 1119, +5 15.15 .22 1380 TeTll, +4 71410 732 2847 62049, +4
Jeh0 1151, +5 16404 3«25 1445 T Q6% +4 Thald 743 3004 b4196, +4
370 14183, +5 16496 3,28 1513 84227, +4 8l.51 7+54 Jlss 6e344, +4
3«30 1215, +5 17«90 J.32 1582 B.484, +4 Bbe96 Teb5 3332 68433, +4
390 l1e247, +5 18.87 J.34, 1653 B,740, +4 92457 Tel4 3502 BebdZ, +4
4200 14279, +5 19.86 3,37 1726 B.995, +4 98435 TeB4 3677 6e7Q1, +4
4210 14311, +5 20.88 340 1801 G249, +4 104.2%9 792 Jase bePdl, +4
4420 14343, +5 2192 3.42 1877 94503, +4 110.38 8+01 4040 7092, +4
4430 14375, +5 22499 Jedd 1956 Fe756s +4 116464 B+.08 4228 Te243, +4
4440 jed07, +5 24,08 347 2036 1.001, +5 123.06 Belb 4420 72395, +4
4.50 14439, +5 25420 3,49 2118 14026, +5 12963 8423 45617 TeB546, +4
4460 14471, +5 2He35 3.51 2202 1,051, +5 136437 5429 4818 Teb699, +4
4470 14503, +5 27451 Je52 2288 1,076, +5

4480 1535, +5 2871 3.54 2375 14101+ +5

4490 14567, +5 29923 3.56 2465 lel26s +5

5.00 14598, +5 3lel? 357 2556 16151, +5

5210 14630, +5 32.44 3.5% 2649 1el76s 5

5420 leb662, +5 33.74 Ja60 2744 1,204, +5

5430 1624, +5 35,006 362 26841 l1e226+ +5

5440 14726, +5 30440 3.63 2939 1251, +5

5«50 14758, +5 A7.77 3464 3040 1275, +5

Heb0 1e790, +5 39416 3465 3142 1,300+ +5

570 1822, +5 40,59 Jebo 3246 14325, +5

5«80 leB54, +5 42403 Jen7 3352 1350, +5

5430 1886, +5 43450 Ju68 34460 14274, +5

600 19186, +5 45,00 J.69 3569 1399, +5

6e]0 195U, +5 46452 3.70 3681 led424, +5

620 14982, +5 48.06 Je71 3794 14485, +5
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TI

29340

INCIDENT SHOCK

M

630
be40
6e50
bab
LeT0
6«80
6490
7«00
710

ul

2«014,
2.046!
2076,
2e110,
2¢142,
2174,
20206,
2238,
2270,

+5
+5
+5
+5
+5
+5
+5
+5
+5

P21

49263
51e23
52485
54,50
5617
57«87
59459
61434
63.11

RZ21

72
3.73
3,74
2.74
J.75
376
.76
.77
3.78

T2

3909
4026
4145
4265
4388
4512
4638
4766
4896

u2

1473,
14497,
1.522!
1546,
1571,
12595,
14620,
lebdd,
14669,

+5
+5
+5
+5
+5
+5
+5
+5
+5



CARBON DIOQXIDE

Tl

293.0

INCIDENT SHOCK

M

110
1420
130
140
150
j«60
170
1«80
1«90
2400
2410
2420
2430
2«40
2¢50
2460
2470
2480
290
300
3410
3.20
330
340
3.50
3«60
3.70
3«80
3«90
4,00
4,.,)0
4420
4.30
4440
4450
4440
4.70
4480
4.90
500
5.10
5620
5430
5440
550
5460
570
5480
590
600
be10
6220

vl

2944,
3.212,
3.479%,
3747,
4,015,
4,282,
4.550,
4,817,
5.085,
56353,
Seb20,
5-&58’
bal156,
bed23,
beb%1,
64958,
76226,
74494,
T7e761,
Bs029,
Be297,
Be564,
8.832,
9.100,
Pedb7,
Feb35,
9.902,
1,017,
1044,
1071,
1097,
lel24,
14151,
1178,
14204,
14231,
1258,
14285,
1¢311,
1338,
143865,
1e392,
led4i1B,
1e445,
1.472,
16499,
14526,
14552,
1579,
l.ﬁoﬁl
14633,
{e659,

+4
+4
+4
4
+4
+4
+4
+4
+4
+4
+4
+4
+d
*4
+4
+4
+4
+ 4
+4
+4
+4
+4
+4
+4
+4
4
+4
+5
+5
+*5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5

P21

le24
1s451
1.79
2410
2444
2479
.17
J.586
4,01
4,44
4,93
Se43
5.95
6450
7.07
Tab7
8.29
8493
9460
10629
11.00
1174
12451
13.29
14,11
14,94
15,81
16:69
1760
18,53
19.49
204,48
21448
22451
23,57
24465
25,76
26.88
28.04
294,22
304,42
3letd
32,89
34,17
35.47
3679
38.14
39451
40,91
42,33
43.78
45,25

r21

lelB
137
157
1477
1.98
2.8
2.39
2260
2.80
J.01
3.22
3,42
Jeb2
3.82
4,01
4,20
4,39
4,58
4,76
4,94
Sell
S5.28
5,45
5.61
5.78
593
b.09
be24
6439
6453
beb7
be81
5495
7.08
7e21
7434
Tedb
7459
Te71
7e82
TeP4
8,05
Belb
Be27
8,37
B.48
8.58
Beb8
By77
8,87
Be%b
9.08

T2

308
iz
335
348
362
75
389
404
419
434
449
4465
482
499
517
534
553
572
59
611
631
651
672
694
716
738
761
784
807
831
856
881
906
932
958
984

1011

1038

1066

1094

1122

1182

1181

1211

1241

1272

1303

1335

1366

1399

1432

1465

Table 53

uz

44560,
Ba754,
1.263,
le631,
1,982,
2320,
24645,
2962,
V1272,
3.575)
3.873,
4.166'
4,455,
4,740,
54023,
54303,
54581,
5856,
54130,
6.402,
6.673!
64943,
7+211,
7479,
T«745,
8.011,
84276,
84540,
8,803,
Pe0b6,
9,329,
G591,
F.852,
la0141,
1.037,
100633
1.089,
tell5,
leldl,
1.167!
1al193,
la21%9,
1,245,
16270,
1.296!
1,322,
1348,
16373,
1399,
1.425,
14450,
Led76,

+3
+3
+4
+4
|
-4
+4
+ 4
+4
+4
+4
+4
+ 4
+4
+4
+d
4
+4
+4
+4
+4
+4
+4
+4
-4
+4
+4
+4
+4
+4
+4
+4

+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5

REF{L.ECTED SHOCK

P31

153
2,23
3.10
4,16
Sa.44
6495
B.71
10.73
13.03
154862
18,50
21,70
25.22
29.07
33426
37.79
42,468
47 .94
53.56
59456
£5.94
7271
79.87
8744
25.40
103.77
112+55
121474
131.35
14139
151485
162,74
174,08
185,82
198,01
210.64
223.71
237.22
251.18
2465459
280,44
295,74
311,50
32770
344,35
3614446
379.02
397401
415448
434,39
453,76
473,59

R31

140

1.87

2e41

.02

3«70

4445

S5a26

bel2

7403

T+99

8499
10,02
1409
12.18
13430
14,43
15.59
1675
1793
19412
20.31
21451
2271
23.92
25411
26031
2750
28458
29486
31.02
Az.19
32.34
J4.48
35461
3673
3784
38.,94
40,02
41,09
42414
43.18
44,21
45.23
4be23
47.21
48.20
4915
50410
51403
S51e74
52484
53.73

T3

322
350
a7y
404
431
458
486
514
543
573
603
635
bbb
699
733
767
802
838
875
213
951
990
1031
1071
1113
1156
1199
1244
1289
1335
1382
1430
1479
1529
1579
1631
1683
1737
1791
1847
1903
1960
2018
2077
2137
2197
2259
2322
2306
2450
2516
2583

U3

2.544,
2eddt,
24370,
2e¢11,
24265,
24231,
2,204,
24185,
2172,
2elb3,
2-155!
24157,
24159,
2e144,
24170,
2.179!
24189,
2.201,
2¢214,
24228,
2243,
24260,
2¢277,
2.294,
24313,
24333,
20353,
24374,
24395,
22417,
2.440,
22461,
24486,
24510,
2e534,
24558,
2.5823,
2.&09‘
2ebl4,
20660,
24686,
24713,
2.740,
24767,
24794,
2.821,
2,849,
24876,
2e904,
24932,
2e961,
24990,

+ 4
+4
+ 4
LY )
4
+4
+ 4
+4
+ 4
+4
+ 4
+4
+ 4
+ 4
+4
+4
4
+ 4
«d
+4
+4
+ 4
+4
+4
4
+4
+4
+4
+4
+4
+ 4
+4
+ 4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
4
4
4
+4
+4
+4
+4
+4
+4



CARBQN

T

DIOXIDE

29340

INCIDENT SHOCK

M

6430
6edO
4250
beb0O
b6+70
480
6290
700
7«10
7420
T30
740
T+50
Tab0
770
7 +80
7490
800
8410
820
8630
8440
8450
Ba.60
Be70
8.80
8490
900
P10
9420
9230
9¢40
9e50
P60
970
9«80
9490
10400
10+10
10,20
1030
10440
10,50
10460
10.70
1050
1090
11.00
11.10
1120
11430
11440

Ul

le68B6,
1713,
1¢740,
le766,
1793,
1820,
14847,
14873,
1+900,
16927,
1e954,
1+9280,
24007,
2.034,
2061,
2+088,
2ell4,
2e141,
2+168,
2195,
20221,
2+248,
24275,
22302,
20328,
24355,
2:382,
24409,
24435,
2.462,
20489,
24516,
24543,
2+569,
22596,
22623,
24650,
2+676,
2703,
24730,
2¢757,
2.7831
24810,
24837,
20864,
2890,
2917,
2eP44,
24971,
2998,
3.024,
J.051,

+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5

P21

46,74
48426
49,80
51,37
52496
54,58
56e22
S7.88
59457
&ls28
63,02
b4,78
66,56
68,437
704,21
72.07
73.95
75485
77479
TPuT4
81,72
85,75
87480
89,88
?1.98
94,10
96425
98,43
100462
102.85
105,09
107 .36
109.66
111,98
114,32
11669
119,08
121,49
123.93
126,440
128,88
131440
133493
136.49
13908
141,69
144,32
146,98
149466
152,37
155410

R21

P14
9421
9431
P39
Ly Y. ]
92586
FGeb4
Q.71
Fel?
9.86
9.93
10,00
10,07
10,14
10,21
10,27
10,34
10.40
10446
10452
10,58
[0.564
10,69
10475
10,80
10,86
10,91
10,96
11,01
Il1a06
11,11
1lel6
11,20
11425
11,29
11434
1438
11,42
11447
11.51
11455
11459
11,63
11,686
11470
11.74
1177
11.81
11485
11,83
11691
11.95

T2

1499
1533
1567
1602
1637
1673
1709
1746
1783
1821
1859
1897
1936
1976
2015
2056
2096
2137
2179
2221
2263
2306
2350
23%4
2438
2482
2528
2573
2619
2646
2713
2760
2808
2856
2905
2954
3004
3054
3105
3156
3207
3259
3z
3364
3418
3472
3526
3580
3636
3691
3747
38604

u2

1«502,
14527,
14553,
1.578,
14604,
14629,
14455,
lab81,
l.?obl
1732,
1757,
le783,
1.808,
1833,
14859,
1,884,
o210,
14935,
le961,
149864,
2+011,
24037,
24062,
2.088,
24113,
24138,
2.164,
2189,
24214,
24240,
24265,
24290,
2e¢316,
26341,
2edb6,
24391,
Z2edl7,
2e442,
22467,
2.493,
24518,
24543,
2e568,
24594,
2s619,
2ebAd,
24669,
2695,
2720,
24745,
2+770,
2¢T%6,

+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5

REFLECTED SHOCK

ch}

493,87
514.60
535,79
557 .42
579451
602,04
625,05
648,50
672440
696475
721454
T464.79
T72.49
798.63
825,23
852.26
B7%9.75
907,68
936,08
F64,88
894,15
1023.86
1054,02
104,62
1115.75
1147,24
1179423
1211460
1244,36

R31

54.40
5546
56430
57413
57«95
58«76
59+54
6032
6108
61483
6257
6330
65401
6471
65540
6608
66275
47 a41
68405
6869
6931
b9e92
7053
Tied2
Tleb9
T2Ze27
T2+81
7337
TIe94

T3

2650
2719
2788
2859
2920
3002
3076
3ts0
3226
3302
33re
3457
3534
3618
3697
ar7e
3862
3948
4030
4116
4203
4290
4379
4463
4560
4651
4745
4838
493}

u3a

3.019,
3.0486,
3.077,
106,
3.136,
3.165,
3,195,
3.225,
34255,
3.285,
3316,
J.346,
34374,
3,407,
Jed38,
3.4068,
3.499,
3.530,
3.56"
3592,
34623,
14654,
J.685,
A.,716,
3749,
3780,
3.813'
3.844,
J.874,

+ 4
+4
+4
+4
+4
+4
+4
-4
+ 4
+4
+ 4
LX)
+4
+4
+4
+4
4
4
+4
+4
+4
+4
+4
-4
+ 4
+4
+4
-4
+4



CARBON

Tt

DIOXIDE

293.0

INCIDENT SHOCK

M

11«50
11460
1170
11«80
1190
1200
12«10
12420
12430
12440
12450
12560
1270
12480
1290
13.00
13.10
13420
13.30

Ui

3,078,
3,105,
3131,
3.158,
3.'851
3212,
3.238,
Je265,
Je292,
34319,
3.345,
36372,
3,399,
3.426'
3-452!
3.+479,
A.506,
3.533,
3560,

+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5

P21

157 485
160463
163.43
l6ba26
169411
171.99
174,89
177.81
180476
183,723
186473
189.75
192,80
195,87
19B.96
202,08
205,22
208,39
211458

rZ1

11+%98
12,01
12,04
12.08
12411
12.14
12417
12.20
12423
12425
12.28
12431
12434
12,36
2439
12.42
12444
12.47
12,49

T2

3Bsl
39la
3976
4034
4093
4152
4212
4272
4332
4393
4455
4517
4579
4642
4705
4768
4833
4897
4962

Uz

24821,
2.846,
2.871,
2.597’
2.922’
2.947!
24972,
24997,
3.023,
3,048,
3.073,
3.098,
3,123,
J.149,
J.l174,
3.199,
3.224,
34249,
3275,

+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5



CARBON

Ti

MONOXTDE

293.0

INCIDENT SHOCK

M

110
120
130
140
1«50
160
170
180
1«90
2400
2«10
2420
230
2+40
250
2460
270
280
2490
300
3«10
320
330
340
3«50
3«60
370
J.80
3«90
4.00
410
420
430
440
4450
460
470
4480
4490
5«00
Sel0
520
5430
Se40
550
SebD
570
5480
5«90
6400
610
620

u1

3,849,
4,199,
4.549,
4,899,
5.249,
5.598,
5.948,
65298,
babdl,
66998,
7348,
7698,
8.048,
84398,
84748,
9.098,
Pedd7,
Pe797,
1015,
1.050,
1085,
1120,
1.155,
1190,
1e225,
14260,
1295,
1330,
12365,
1400,
1+435,
1470,
1.505,
1540,
14575,
1610,
1eb45,
1+680,
1715,
1750,
1.785,
14820,
1.854,
1889,
14924,
1e95%,
1994,
2.029,
20064,
2.099,
2134,
24169,

+4
+4
+4
4
+4
+4
+4
+4
+4
+4
+4
4
+4
+4
+4
+4
4
+4
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5

F21

1425
152
1.82
2413
2047
2.84
J.23
3.64
4,08
4.54
5,02
5453
6406
beb2
Te.20
Te81
B.44
910
P.78
10,48
11e21
11.97
12475
13.56
14.39
15425
16,13
17,023
17.97
18.92
17991
20491
21495
23.00
24,09
25420
26033
27 ¢49
28467
29.088
3l.12
32.38
33,66
4,97
36430
37466
3%9.05
40,46
41489
43,35
44,84
46435

R21

1el7
1435
1452
170
1.87
2404
2421
2437
2453
2469
24.84
2.98
.12
Je26
3.39
J.52
3.64
.76
Je87
3.98
4,08
4,19
4,28
4,38
4,47
4,56
4,45
4,74
4,82
4,90
4,97
5,05
S.12
5419
5.26
5333
539
5e46
5.52
5.64
Seb9
5475
5,80
5,85
5490
595
65400
609
613
6a17

T2

33
331
350
368
387
407
428
449
471
494
518
543
549
595
623
651
680
710
741
772
805
838
872
907
943
979
1016
1054
1093
1133
1173
1214
1256
1298
1341
1386
1430
1476
1523
1570
1618
1667
1716
1767
1819
1871
1923
1977
2032
2087
2143
2200

U2

54724,
14084,
1e562,
2013,
2.444,
24857,
3.257,
3645,
4.024,
44395,
44,759,
S.118,
5472,
5.821,
6elb7,
66510,
6850,
T«188,
7525,
7.858,
8190,
8522,
84851,
Fe«180,
Pea508,
94836,
1016,
14049,
1.081,
1114,
lalds,
14178,
1e211,
1243,
14275,
14307,
1+340,
1:372,
1ed404,
16436,
1e4686,
l1e500,
1532,
1564,
1595,
1eb27,
1e659,
1691,
1723,
1754,
1786,
14818,

Table 5.4

+3
+4
+4
+4
4
+4
+4
+4
+4
+4
+4
+4
+4
+4
-4
+4
« &
+4
+4
+4
-4
+4
+4
+4
+ 4
+4
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5

REFLECTED SHocCK

P31

1e56
2e26
3.14
4421
5448
696
.66
10,59
12.74
15.14
1777
20464
23477
2714
30,76
34.64
38.78
43,18
47 485
52.75
5795
63e42
69413
7514
81a.43
88,01
94,86
102.01
109,43
117,09
125.07
133435
l4]l,92
150,78
159,93
169436
179.09
189,10
199,41
210,00
220,88
232,04
243,50
255,13
267415
27945
292.04
304,91
318,07
331 .49
345,22
359423

R31

137
179
2+25
274
327
382
4439
4497
5¢56
beléb
baTb
Tedb
7+96
855
9eld
9723
1030
1087
11e44
1198
1252
13«08
13«57
1409
1459
1509
15«57
1604
16451
1695
1740
17+84
18e26
18«68
1908
19«48
1987
2024
2061
2097
21432
2187
2200
22s3]
22683
22094
2325
23454
2383
24012
24439
240606

T3

333
371
410
450
492
534
579
624
671
720
770
822
875
930
986

1044

1103

1164

1226

1290

1356

1423

1492

1563

1635

1709

1785

1863

1942

2024

2106

2191

2277

23686

2456

2548

2641

2737

2834

2934

3035

3138

3243

3350

3458

3569

3881

3795

3911

4027

4147

4268

u3

3.389,
34327,
3292,
342772
36270,
3.287,
3.308,
34335,
Je3bB,
3406,
Jed447,
Jed91,
34537,
34585,
34635,
Jeb86,
J+739,
3793,
3.848,
3905,
J+963,
4,021,
4.081,
dald2,
4.203,
44265,
4.326’
44392,
42456,
4.522,
44586,
44652,
4.719,
44787,
44855,
4,923,
44992,
Se0b2,
5132,
54202,
5273,
Se344,
Sedls,
5488,
5-5603
Seb32,
54705,
54778,
Se851,
Se923»
54996,
6070,

*4
+4
+ 4
+4
+4
+4
+4
+4
+4
+4
+4
+4
d
+4
+4
+4
+4
+4
+4
+4
+ 4
+4
*4
+4
+4
+ 4
+4
+4
+4
+4
+4
+4
+ 4
+* 4
+4
+4
4
+ 4
+4
+ 4
+4
+4
+4
+4
+4
+4
+4
“4
4
+4
+4
+4



CARBON

T

MONQXIDE

293.0

INCIDENT SHOCK

M

6+ 30
640
650
6e60
670
680
be%0
7«00
Tel0
T+20
T30
TedD
7+50
TebO
T«70
T80
T+%0
800
810
Be20
830
Bed0
850
Beb0
Be70
880
B«90
?+00
9«10
920
%+30
Ged40
9+50
Geab0
970
9480
Se90
1000

vl

24204,
24239,
24274,
24309,
2344,
24379,
2414,
2449,
24484,
24519,
2554,
24589,
2eb24,
244659,
2+694,
2¢72%,
2e764,
24799,
24834,
2:849,
2+904,
2939,
24974,
3.009,
3.044,
3.079,
3114,
3149,
J.184,
34219,
3e254,
3.289,
3.324,
3.359,
3.394,
34429,
Jedbda,
3.499,

+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
5
+5
+5
+5
+*5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5

P21

47 .88
49,44
51.03
52.64
S54.27
55.93
57s62
59432
61406
62.02
64460
bbaedl
68.25
7011
Tle99
73.90
75483
7779
79.78
81,79
83.82
85,88
87 496
20,07
92421
94,37
96455
98.76
100,99
i03.25
105453
107 .84
10,18
112,53
114,92
11733
119,76
122,20

T2

2258
2316
2375
2434
2497
2558
2621
2685
2749
2814
2880
2947
3014
3083
3152
3222
3293
3365
3437
3511
asss
3660
3736
3613
3890
3969
4048
4128
4209
4291
4374
4457
4540
4628
4712
4798
4886
4977

u2

1850,
1.881,
1913,
1e945,
14976,
2008,
2039,
2071,
24103,
24134,
2elbb,
24197,
2229,
202060,
2292,
2323,
24355,
24386,
2417,
24449,
2480,
24512,
24543,
2574,
24606,
24637,
2669,
2700,
24731,
24763,
2-7941
24825,
2+857,
2.888,
2919,
24950,
2982,
3,013,

+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
«5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5

REFLECTED SHOCK

P31

I73.53
388,10
402.96
418,09
433451

R31

2492
25418
25443
25447
2591

T3

4392
4517
4643
4772
4903

u3

belad,
6218,
64293,
beIbT s
bedd2,

+4
+4
+4
+4
+4



HYDPOGEN

T1

29740

INCIDENT SHOCK

M

1«10
1«20
1430
1440
150
I.bU
1«70
1+80
1«90
200
2«10
2420
230
2¢40
250
2460
2«70
280
290
3,00
310
320
3«30
3.40
3.50
3«60
370
3«80
J«90
4400
4429
4430
4.40
4450
4460
4470
4480
490
5400
510
5420
530
S5e40
5450
560
580
590
6-00
6l
&e20

[

164458,
1591,
14723,
1056,
IGQBQJ
2+121,
2254,
2-356’
24519,
2¢651,
2784,
2916,
3049,
3-152’
3a314,
3447,
3.579,
3712,
3.844,
34977,
44110,
4,242,
4-375)
44507,
44640,
44772,
44905,
54038,
Se170,
54303,
5435,
Se5608,
5700,
54833,
56966,
6098,
6.231’
bHe363,
62496,
6eb28,
balbls
6e8%94,
7026,
Tel5%,
7221,
7-424’
7e556,
74689,
7822,
7954,
8.087,
Be219,

+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5

P21

1.30
le57
l.88
2421
2256
2493
3.33
.76
4424
4068
5.18
5.70
6e25
6e82
7Tedl
8.03
Bs68B
2435
10.04
10.76
11.50
12427
13,06
13.88
14,72
15459
16449
17.41
16435
1932
2032
21435
22.39
23447
24,57
25.70
26.85
26.03
2924
30.47
Jl.73
33.02
34,34
354067
37.04
38443
39.85
41.30
42477
44,27
45,80
47435

R21

1420
l«38
456
le73
le9l

2«08
2425
2ed1

2457
2472
2487
3.01

JelB
J.28
34,40
3a.51

3«67
3473
3.83
3.93
4402
4011

4419
4,28
4,35
4443
4450
4,57
4,64
4.71

4,77
4,.83
4,89
4,95
Se01
5,07
5.12
5417
5423
5628
5433
5438
S5ed473
SedB
5453
5.58
S5¢62
Se67
Se72
576
54,81

585

T2

316
335
354
73
1o ]
413
434
454
480
504
529
555
582
610
639
670
701
734
T&7
a0z
838
875
?12
951
991
1032
1073
1116
1150
1203
1248
1294
1341
1389
1437
1486
1537
1587
1639
1691
1744
1797
1851
1907
1963
2019
2076
2134
2192
2251
2311
2372

Table 5.5

uz

2e448,
44364,
64155,
72849,
9.445,
1.102,
14252,
1397,
1.539,
1678,
l.814,
1,948,
2.080,
24210,
24339,
24466,
24592,
2¢717,
2.842,
24965,
3.088,
J.210,
3.453!
34574,
34695,
3.815,
39226,
4,056,
44176,
4,296,
4,416,
4,535,
4,655,
44775,
4,894,
5.014,
5.134,
5253,
54373,
5.493,
5.613,
5+733,
5.853,
5973,
62093,
64213,
64333,
64453,
64573,
6+694,
64814,

+4
-4
+4
*4
+4
+5
+5
+5
+5
«5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5

RLFLEETED SHOCK

P31

lebb

2edl

.34

4447

5481

7437

Pelb
11«18
13.45
15.96
18,71
21.71
24.95
2Be44
32,16
36413
40,33
44,77
49.45
544,36
59450
64.E88
TOL49
7634
B2e.44
B38e.76
95.35
102,18
109.27
116461
l24.22
132.10
140.16
148,57
157425
l66a2t
17536
184,87
194,67
204.76
215.14
225.02
236.,80
247 495
259,50
271436
283,52
295,99
INB.T6
321.83
335.22
348,91

R31

143
leBo
2«33
28B4
338
Je24
450
5408
Sebéb
bGe2d
6«80
Te37
Ta®2
8+45
898
P49
Fe0Q
10«48
1095
1142
11e87
1232
12475
13«17
1759
14«00
1441
14+80
1519
15457
1565
1633
1668
1705
1741
1776
18410
18+45
18479
19413
1947
1980
20413
20e45
20«77
2109
21ed1
21732
22004
2235
22486
2297

T3

339

379

419

460

504

549

596

645

696

750

BOb

863

923

84
1050
1118
1183
1252
1323
1395
1468
1544
620
1698
1777
1857
1939
2023
2108
2194
2282
2371
2461
2553
2647
2742
2838
2936
3038
3138
3238
334
3444
35523
3660
3769
3880
3991
4104
4219
4334
4451

13

Fe261,
le240,
1229,
12254
[e228,
1¢236,
14248,
1263,
1.2R2,
1,302,
1.324,
16348,
1.3721
1.3098,
1ed424,
led51.,
16477,
14503,
1530,
|-556:
1582,
le608,
|o634!
l-fa59p
1685,
le709,
1,734,
1759,
1783,
l.808,
l.832,
14856,
1.881,
1.90%,
1929,
1.953,
14977,
2.001,
2.N25,
20049,
2072,
2096,
24119,
2e¢143,
2.167'
24190,
24213,
2230,
24260,
22083,
2329,

s 5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+ 5
+5
+5
+5
+5
+5
+5
+5
5
+5
+« 5
+5



HYDROGEN

T1 297.0
INCIDFNT SHOCK REFLECTED SHorK
M Ui P21 R21 T2 Uz P31 R31 T3 U3
4630 Ba352, +5 48493 5.89 2433 64934, +5 36291 2327 4569 2351, +5
Hed0 B.484, +5 50453 5.93 2495 74055, +5 37722 2357 4639 24374, +5
be50 Bab1lT7, +5 52.17 S5.98 2557 7el75, 45 391.83 2387 460090 24396, +5
bHeb0 Be749, +5 53.82 6,02 2621 7a296, +5 406477 2417 4932 Zedl9, +5
670 BaBB2, +5 55451 6.06 2685 7adlb, +5
600 Q.015, +5 57e22 6410 2749 74534, +5
690 Fald7, +5 58496 Gael4 2815 7e656, +5
700 9280, +5 60472 6el7 2882 TeTTTs +5
7410 Qad412, +5 62451 6s21 2948 Te897, +5
720 9545, +5 64,33 be25 3016 8,018, +5
730 DebT7Ts +5 6bel8 6429 3084 Bel138:r +5
7e40 9.810, +5 68405 6432 3152 84259, +5
750 94943, +5 £9495 6e36 3222 8.380, +5
Teb0 14008, +86 T1a87 GedD 3292 Bs500, +5
Te70 14021, +6 73.82 b5e43 3362 B8eb21, +5
780 1034, +6 75480 647 3434 Be742, +5
T20 1047, +6 7781 6450 3506 BeB62, +5
8.00 1061, +6 T9.84 6e54 3578 BaP83, +5
8«10 1074, +6 81,90 657 3652 96104, +5
8420 14087, +6 83.99 bebl 3726 94225, +5
8+30 16100, +6 Bba10 6eb4 3800 Seddb, +5
Bed0 1«114, +6 88.24 6eb67 38758 Q44675 +5
Ae50 14127, +6 904,40 6470 3951 G587, +5
8«60 14140, +6 92460 be74 4028 2708, +5
870 1153, +6 94,82 be77 4105 94829, +5
8+80 16167, +6 2706 6480 4182 24950, +5
Ba90 1180, +4 99433 5483 4261 1.007, +6
92.00 14193, +6 101463 be86 4340 1.019, +6
910 1,206, +6 103.%96 65489 4420 1,031, +6
9420 14220, +5 106431 6492 4500 1,043, +6
930 16233, +6 108470 6495 45860 1056, +6
Fedn 16246, +6 111.10 696 4662 14068, +6
Qe50 1259, +6 113.54 701 4744 1,080, +6
e 1273, +6 11600 Ta04 4826 1.092, +6

Q.70 10286, +6 118449 7«07 4910 14104, +6



NITROGEN

m

7903.0

INCIDENT SHOCK

M

1«10
la20
130
1440
150
1eb0
1«70
1«80
1«90
2400
2.10
220
2430
2940
250
2e60
270
2480
290
300
3.10
320
3«30
340
350
J+60
3+70
3480
3.90
4400
4410
4420
4430
4240
4450
4460
4470
480
4490
5«00
510
S+20
5430
Se40
5450
5260
5«70
5480
Se90
be 00
el
420

ul

Je856,
4,206,
4-557’
44957,
54258,
S4608,
5959,
64309,
beb60,
7«010,
7.3!3!’
Te711,
B.062,
He412,
Be763,
Fell3,
Padb4,
F.814,
1eOlb,
1.052,
1.087,
14122,
14157,
14192
16227,
1262,
L e297,
1332,
14367,
14067,
1437,
led72,
|-507l
1e542,
1577,
latl2,
1647,
1682,
1717,
16753,
1788,
14823,
1858,
14893,
16928,
1e963»
1.9¢8,
2033,
2.068,
2-103!
2-1?8!
2173,

+4
4
-4
+4
+4
+4
+4
+4
+4
+4
-4
+4
+4
+4
+4
+4
+4
+4
+5
*5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
*5
+5
+5
+5

P2t

1e26
1e53
1aR2
2e14
2448
2485
3a.74
3465
4409
4455
5403
S5a54
6408
behd
722
7483
Bedb
Fell
480
10450
11423
114729
12.77
1358
14.41
15.27
1615
17406
1799
18,95
19.94
20.%4
214958
23.04
24,17
25423
26437
27453
28472
29493
3t.17
J2s43
35.03
3637
A7.73
39«12
40453
41.97
43.43
44,92
46443

ka1

1.14
1«35
1«53
1«70
1.88
2405
2e2])
24306
2e54
2469
2.04
2478
Tel2
J.25
3.38
3.50
3a62
I, 74
3.85
3.96
4406
4216
1426
4435
4444
453
4.62
4,70
4.78
4.8‘)
4.93
5401
5«09
5«15
S5ell
S5.28
5434
5441
Ged7
5453
558
5464
S.6¢
575
5.80
5485
5.809
G.94
5499
603
&.08
bel2

313
332
3sq
3869
388
408
429
450
473
49¢
520
545
571
598
626
654
6a4
714
745
777
811
844
870
914
951
988

1025

1064

11073

1143

1184

1226

1268

1312

1356

1400
1446

1492

1539

1587

1635

1685

1735

1786

1838

1890

1944
1999

2054

2109

2168

2224

Table 5 6

uz2

SeRdl,
14095,
1573,
2.024,
2ed54,
ZuB6ET
3.266!
34654,
4,033,
4,403,
4,766,
5.124,
5477,
5,826,
bal71,
6513,
6852,
Tal%0D,
Ta525,
7eBED,
BalS0,
Be521,
BeB50,
Pel79,
9.506!
9833,
14016,
1.048,
l1.081,
lell3,
lelds,
‘ol?Bl
1-210’
1243,
Le275,
14307,
14339,
1371,
1.403,
o435,
1467,
14499,
14531,
14563,
14595,
Leb27,
14659,
l.bglﬁ
1723,
14754,
1786,
1.818,

+3
+4
+4
+ 4
+ 4
+4
+4
+4
+4
+4
+4
+ 4
+4
+ 4
+4
4
+4
+ 4
+4
+4
+4
+4
+4
+4
+4
+ 4
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5

RFFLECTED SHOCK

P31

1457
2428
317
4,24
5452
7«01
8e71
10.65
12481
15.21
17.84
20.72
23.84
27.21
30.82
34,69
38.81
43.1%
47.82
5274
57«88
63,31
69401
74«98
8lel19
87.71
94,51
101.5G%
108,95
11660
124,53
132.068
141,18
149,97
150,05
168.41
178407
188,01
198424
20Ba76
219457
230467
242,06
253,74
265470
277495
29036
303.17
Jlba27
329,64
343,31
357.26

R31

138
180
2+26
2+75
J+28
3+83
439
4097
S+55
beld
673
Ted2
7e91l
Bed49
Fe07
Qs bH4
10+20
1076
1130
11e84
1237
12.88
13440
1390
14«38
1486
1534
1580
16e25
1670
17:14
1755
1797
18428
1877
19«16
1955
1992
2028
20eb4
2099
2132
2166
2i%8
2230
22460
22489
2319
23047
2376
2403
2430

334
372
412
452
494
537
582
&28
574
7285
776
829
883
939
996
1054
111s
1176
1240
130s
1371
1440
15009
158])
1654
1720
1806
1884
1964
20458
2129
2215
2302
2391
2482
2575
2669
2768
2864
2964
3066
3169
3275
3302
492
3603
3716
3831
A94R8
4065
41846
4308

u3

3+3R6,
3.378,
3e2°95,
3.282,
3.2R4,
3207,
J.320,
F+350,
J+3R6,
36427,
J«470,
3.517,
3.566,
39616!
34667,
Je721,
3776,
3.831,
3.888,
I:.946,
4,005,
4,064,
4,124,
4,185,
4,248,
4,310,
4,374,
4,438,
4,502,
44,567,
44632,
4.69%,
44766,
4-534!
4,902,
4,976,
54040,
54109,
5.179,
5124QJ
54320,
5.391,
5.463!
5,534,
5.606,
5-679'
4753,
5.526}
5.899,
5,971,
6,044,
6.118,

+4
+ 4
+4
+4
4
* 4
+4
+4
+ 4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+ 4
+4
+1
+4
+4
+4
+ 4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+4
+ 4
+4
+4



NITROGEM

T

293.0

INCIDENT SHOCK

M

6430
6e40
650
X1
670
680
6490
700
710
7620
730
7440
T+50
T260
T+70
7«80
Te?0
B.00
B8.10
Be20
8430
Be40
8«50
B+560
8470
8.80
Be%0
?+00
Fell
9420
9«30
P+40
450
Peb0
970
980
290

LI}

24208,
24243,
24278,
24313,
2348,
2+383,
Z2ed16,
24454,
2489,
2¢524,
2e539,
2e5%4,
206295
2ebbdy
20699,
2734,
2769,
2804,
2.839,
2874,
22909,
2.%44,
2979,
3.014,
3,049,
3.084,
3.119,
34155,
3.190)
3.225!
3260,
34295,
3,330,
3.365,
3.400,
2,435,
344740,

+5
+5
+5
+5
+5
5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+ 5

+5

P21

4797
49454
5le13
52474
54,38
56404
57«73
59,45
blel®
62495
64,74
b6b6e56
68,40
TUL26
72415
T4.,07
7601
77«97
792.96
B1.98
84,02
86.08
88.17
90.29
92443
Q4460
96479
99,00
101,24
103.51
105,80
108,11
110.486
112.82
115,21
117463
120.07

R21

balb
6420
a4
belB
be32
he35
6439
bed?2
bedb
6449
be52
6455
6.58
H5eb1
babd
bab?
6a70
be72
6675
678
6480
6e82
6485
6+87
he90
5692
bHe94d
be96
64983
Ta00
702
7e04
Te06
7408
7.10
Tel2
Teld

T2

2282
2341
2401
2461
2523
2585
2649
2713
2777
2843
2909
2977
3045
3114
3184
3254
3326
3398
3471
3545
3620
1696
3772
3849
3928
4007
4086
4167
4249
4331
4414
4499
45A2
4668
4755
4842
4930

uz

1.850,
1.881,
1.913,
14945,
1977,
2.008,
2.040,
24071,
24103,
26135,
22166,
2198,
24229,
2e261,
26292,
26324,
24355,
22387,
2e418,
24450,
24481,
2.513,
2a544,
24576,
2:607,
2eb39,
2670,
22701,
24733,
2s764,
20795,
24827,
2e85E,
2890,
2e321,
24952,
2+984,

+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5

RFFLECTED SHOCK

P31

371.50
386402
400,83
415,92
431427

R31

2456
2481
25«06
2531
2555

T3

4432
4554
4686
4815
4944

61793,
64267,
Ha342,
Hedlb,
64490,

+4
+4
+4
+4
+4



NITFOUS OYIDE

Table 5.7
T1 292.,0 E—
INCIDENT SHOCK PEFLECYED SHCK
Al Ul P21 21 T2 u2 P31 R31 Ty 1
1«10 ZaP2hs 44 1e224 1«13 207 4509, +3 1.573 139 321 2e527, +1
1420 3101, +4 1e50 177 azn Beb94, +3 2421 1«87 347 Ced2bs +4
1+730 V457 +4 lea79 1457 333 1257, +4 .7 2ed] 373 Z2434RA, +4
1ed} Te723, +4 709 1«77 Jds lah25, +4 4,17 N3 ang 2e2PT7, +4
1«50 3«80, +4 2ed?2 140F asa 1975, +4 540 3«73 425 27240, +4
len de254, +4 2e78 2al® 372 2311, +4 6,90 449 451 2e47N3,5 +4
1«70 452U, +4 3415 2440 3Aas 2ebb, +4 .07 5«30 478 22176, +4
1s680 44706, +4 d.55 2e¢h] 3¢9 249525 +4 106h HelA 5095 2a15b6, +4
120 54052, +4 3.98 2482 417 34260, +4 2.95 Tall 533 2eldl, 1
2400 54218, +4 4402 3,07 42R Ja562, +4 15.52 BeD9 562 2131, +4
210 55084, +4 4459 3.24 443 Ju859, +4 18.40 91l 502 2allb, +4
2420 SeBSG, +4 5.39 3,44 45n 44151, +4 21459 017 6.2 Pel24, +4
230 ballbs +4 5490 Jeb5 474 44439, a4 25410 11427 683 24125, +4
2+ 10 GeIR2, +4 bad5 Je85 491 4723, +4 28.95 12739 66¢% 2129, +1
2450 beb47, +4 7N} 4,068 508 5.004, +4 33413 1353 717 24175, +4
2400 G913, +4 7480 4424 525 54283, «4 37 .66 1470 7a1 Zald2, +a
2«70 71724 +4 8421 4.4 543 54560, +4 42,55 |5eBR 785 20152, +4
72«80 Te445, +4 Ba2sg 4002 561 Se834, +4 47 .80 17«08 520 2elhd, +4
2490 Te711, +4 Ga51 4381 san oel0b6, +4 53,42 1829 856 2alT6, +4
3«13} TeS77s +4 [Cal® d a7 509 6e377, +4 59,42 19451 o2 21920, +4
310 Re243, +4 10,90 Seln bL1ln 62647, +4 65.680 2073 gan 2e2015, +4
3420 Re506, +4 Il1ah3 5ad4¢ 63A be915, +4 T2a58 21ec? P68 24220, +4
330 Ra775, +4 1243% 5451 659 72182, +4 77.74 2320 1067 20237, 4
Je4l Qe04G, +4 13417 Seb? o079 74448, +4 87.30 24473 1047 2e754, +4
3«50 306, +4 134,97 SeB 1 701 TeT13, +4 95.6 25«60 IR RY 28273, +4
3«60 FeS5T2s +4 14,30 6400 722 Te977, 44 103,462 26489 1129 Pe?P2, +4
3.70 94838, +4 15,65 bald 745 BaZ2d4l, +4 112.40 28411 1172 2312, +4
3«30 leOlu, +5 16452 6431 767 8503, +4 12160 2932 12158 23712, +4
390 1eB37, +5 1742 6edb 79N 84765, +4 131,21 JD.53 1259 20353, +4
44010 leN&a, +5 2435 Hheol Al3 94027, +4 141474 173 E304 247175, +4
4.10 1409C, +5 19.29 be75 R37 8287, +4 151,70 AZ.92 1350 24797, +4
4420 lell7, +5 2027 beb Ré | Pe548, +4 162459 A4.10 1307 7419, +4
4430 Jelad, +5 21426 Te01 3RL FeB0R, +14 173,91 35427 14458 Pedd2, +4
440 lel70, +%5 22.28 7«17 Qll 1007, +5 185.466 16643 1493 2edAbS, +4
4450 [el97, +5 23732 74730 @3A 1033, +5 197,84 758 1543 P24B9, +4
dehi 1223, +5 24479 74413 X 1.058, 45 210,47 3B.72 1503 24513, +1
470 lea25u, +5 25448 755 AR 1.084, +5 23,57 39.84 1644 2538, +1
4.390 1ea276, +5 26en0 7Teokf 10158 le1183, +5 237.03 4095 To9s 2.542, +4
4290 16303, +5 27474 7480 1042 1el3é6, +5 250.7R 42+04 1739 24587, +4
5} 13295 +5 22490 7492 1Ué9 1a162, +5 765437 43413 1803 etV 44
510 1e356, +5 30,09 ARa03 1097 12187, +5 260,20 44420 1857 24678, +4
He20 1e3%05, +5 I +30 felB 1126 14213, +5 295,48 45+26 1913 2abrh3s 44
5430 1429, +5 2454 ) 1184 1239, +5 all.22 46431 19469 24hA9, +4
Heal 14436, +5 334010 A7 1183 1264, +5 327439 47434 2024 24715, +4
5560 ladn2, +5 3%.08 Bear 1210 14290, +5 344,07 4R35 2085 24742, +4
5«60 Tedin®, +5 Ibe 39 Pe5d 1741 16315, +5 Ih1a10 49435 21414 2eaTARr +4
Se70 1e516, +5 V1772 Gabd 12713 le341, +5 17R.E 5037 22n4 27965 +4
SeAN 16542, +5 3t .08 Pa7 3 1304 le367, +% 986441 51«30 2245 Fefl2, 44
590 14569, +5 40,46 BedP 1338 1392, +5 115,05 5275 2327 2eRS0, +4
Sall} le595, +5 41470 8.9a 1367 tedlB, &5 433,07 5319 2390 2eBTH, +1
bel0 le622, 45 43.29 °.n7 1490 ledd3, +5 153.27 54412 2454 2.90%5, +14
bez2h Je6dA%, 45 44,74 Vel 1431 ledb9, +5 4730k 554023 251@ 2+973, +1
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T1 2971.0N
IHECIDENT SHOMK REFLECTED SHAark
M Il P2l a1 T vz Py R} T3 U3
6+ 30 1675, 45 46422 .25 l464 14494, 45 493,31 55493 2584 2.9K1, +4
bedll la7U2, +5 417,72 P j497 14529, +5 514,00 S6a82 2651 2,000, 44
ba 50 1728, +5 194,25 K 15731 12545, o5 RIF .14 5770 2717 3017, +4
babl 1a755, & G, 7o .51 165 1570, +5 S5h 475 58455 ZTAL 3,046, +4
6470 1702, +% 52,77 P50 1506 14598, 45 R7A,80 5640 2868 3.074, 44
Ha i) leBitl, 45 “leh Y 4 T4 letb21, 45 601410 6023 292¢% JelN2, +d
L %0 14835, +5 L FLTR 1A70 lebd?7, 45 624,26 6105 2994 T41731, +4
7«11 1aP6l, +0 57871 R 1705 leb72, +5 4T b6 blefib 306¢ 34150, +4
7.10 1aA88, 25 f8.70 7,31 1742 leb69?, 45 6£71.52 6245 3140 3178, +4
Te2D 1e%14, +4 AL St e 1775 14723, +5 695.82 63644 3214 24217, +4
Teil 16941, +5 A7 e 10 1,04 iels le74%, +5 72N,58 64021 328AR Jel4dbs +4
Tedl 1a@6R, +h 64 N5 1Nyl 1862 1,773, +5 745,78 b4.97 3767 36275, +4
750 [e9%4, +5 hSeA1 10,20 1821 1a79%, +5 771,44 6572 3440 J43N4, +4
7.0 2021, +b 67 anD 104,27 192e 1824, +5 797 .54 hbed5 3516 34373, +4
770 Z2eDAT, +5 AC .41 10434 196R 1849, +5 RZ24,09 67618 3594 F4IR2, +4
7efin 2074, +7 Tlals 10410 2407 10875, +5 851 ,n19 6789 3A72 3,301, +4
Te90 24101, +5 Tr.01 10,47 2047 149200, +5 ATR,54 4860 37582 4470, +4
felD Pell2T, 45 74479 10453 20R7 14925, 4% 9064473 6929 38213 3450, +4
RelO 2el154, +5 76450 104572 2127 16950, +5 P34,7A 6998 3914 J4479, +4
Rez20 2eallfiu, +05 TALNT 1Nyks 2160 14976, +5 63465 TOe b4 I9yy N509, +4
Bae30 24207, +5 a0.79 {t0a71 2200 24001, +5 992,90 7130 4080 3.538, +4
BedD 20234, =5 B2477 10,77 2251 2e026, +5 1022459 7le96 4144 3568, +4
8450 2476U, +5 Hd.77 10,82 2791 2.051, +5 1052,76 7258 4250 34508, +4
AetN 24287, +5 Hh a0 10489 2736 24077, +5 1083,37 7322 4325 3e6678, +4
Be70 24313, +5 Al 4RSS 10,94 2379 24102, +5 1114,41 7384 4422 JehB5Ts +4
HBe M) 2340, +5 0493 11409 2422 24127, +5 1145,89 Tdedb 4509 JebREs +4
Be90Q 203606, +5 93.03 1105 2466 24152, 45 1177.82 75407 41597 Je718, +4
9,00 24397, +05 25,4168 11,10 2511 22178, 45 1210,19 7568 4586 3745, +4
.10 24429, +8 27 30 1116 2555 24203, +5 1243,01 The2? 4775 347784, +4
Qe2n 2eddbH, +5 D447 11.21 2601 202285 +5 1276427 TheB6 4865 JeBO4, +4
2«30 24473, +5 101 4667 11a2% 2bds 22535 +5 1309,87 TTe45 4965 JeB12, + 4
Fedl 24499, +5 103,49 1171 2692 2278, +5 1344,03 7802 5047 3.861, +4
Q9450 PaB526, +5 06413 11,35 2730 2304, 45 13784064 7859 5140 3890, +4
Feb0 2563, +5% 108440 11e40 2734 2¢329s +5 1413469 7Tos14 5234 39720, +4

Fe70 2e579s +5 110,70 1«43 2833 24354, +5 1449,19 7970 5328 3949, +4
980N Ze606, +5 113401 L1 e52 2881 24379, +5 1485414 80«24 5423 3.978, +4

.90 24632, +5 115435 dl.Si 2929 24404, 45 1521453 8078 5519 4,007, +4
10«00 2659, +F5 117.72 Lls50 2977 24429, +5 1558438 8132 5618 44036, +4
10.10 246R6, +5 120410 Ilen7 3024 2¢485, +5 1595,70 6le84 5713 44045, +4
1020 2712, +5 172452 1ieta? 3076 24480, +5 1633.,31 8240 5808 44092, +4
10«30 24739, +5 124495 1171 3125 24505, +5 1671.58 8289 5909 4,123, +4

10.40 2765, +5 127441 1178 3176 24530, +5
10«50 2792, +5 12?90 11480 12256 24555, +5

10«60 2818, +5 132441 11484 A277 24580, +5
1070 24847, +5 134,94 11.88 Jaze 2506, +5
10.80 24072, +5 137450 11492 3381 2631, &5
1090 ?7+898, +5 140,08 1175 3433 206565 +5

11.00 28925, +5 142468 11497 3494 2ebBl, +5
11410 24951, +5 1452731 124017 is3e 22706, +5
11420 24978, +5 147 a%6 12.07 agez 2731, +5
1130 3.075, +5 150464 12410 3nag 2075k +5
1140 3,031, +5 153,34 124114 3701 24782, 45
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INCIDFUT

1

11e50
1160
11e78)
1100
11e90
1200
1210

ne20
1230
1240
1250
12460
1270
1280
1290
1300
13«10
1320
1330
17«40
13«50
13460
13470
1380
13.%20
1400
14«10
14420
1430
1440
l4450
14e60
1470
14480
1490
1900

nxing
Q7,0
SHNCK
ul

2A.058,
2,084,
.11,
Jael3B,
Jels4d,
A.171,
1-2‘7!
3271,
V297,
3.324,
J+35%U,
34377,
34402,
d.430,
Jed57,
34083,
Te510,
34576,
34563,
A.5%U,
Qebl6,
3643,
Jeb69,
Vet Po,
1-723!
V749,
117703
3802,
029,
J.B55,
3,02,
N209,
3.935,
34952,
3948,

+5
+h
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+3
+5
+5
+5
+5
+o
+5
+5
+5
+5
5
+5
+ N
+5
+5
+5
+5
+5
+5
+5
+5
+5

ra2t

156417
158451
141459
I{‘4¢ lg
16721
170,05
17292
175431
178,73
luten?
1Rd44h4
127443
19014
123,08
196475
13940
202494
200408
209,24
21l2e42
215463
1886
2712
225440
22B.70
2324N3
PR
218876
242-16
Z45459
747404
FFheDI
2159453
763408
ZhhehS

r21

l?.lq
i%e21
12424
1202“
12431
12475
12438
12441
17444
12447
12,51

12454
12457
1060
17ebd
12ant

1206%
[2a77
12,75
12478
12450
12,873
12e8h
172.8%
12492
12494
1297
13,00
13.02
13,05
13.0n
13410
13.17
13,15
13.18
13.20
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2755
3Lt
ABAT
P27
3270
4038
4099
41%5]
42019
4267
4324
43R5
4444
45014
4564
4625
4684
4745
48009
4A7T2
4934
4907
5061
5124
5188
3°%7
538
%383
54409
5414
8581
5647
5714
5782
58%u
591n

u2

2«207,
2e332,
2eB57,
2+882,
24507,
24932,
22957,
24983,
3.008,
3.033,
J.058,
1,083,
d.108,
14133,
3.158,
J.184,
2234,
JQZSQI
Js284,
3,309,
14334,
3360,
Je385,
4410,
34435,
EFEY-11
3,485,
3.510,
J535,
3e561,
Je586,
Js611,
Je636,
3esb61,
J2e68b,

+5
+7
+5
+5
+5
+5
+5
+5
+5
+5
+5
5
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+5
+ 8
+5
+5
+h
+5
P
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
+5
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oxyren

T1 77380 M
IMCIREHNT SHNCK REFLECTFD SHOCK
M " P21 R21 T2 uz ray R T2 "3
1410 3.588, +4 1425 Lel7 312 5a244, +3 1454 137 33 Julh2, +4
1420 JeP14, +4 1452 I35 330 l«005, +4 2225 I«78 369 J.09b, +4
{30 4,240, +4 1ak1 le52 348 led54, +4 3.12 2425 407 3,06, +4
140 506, +4 2613 1«70 367 14879, +4 4.19 275 446 3032, +4
1«50 4G22 +4 2447 183 395 2284, +4 5445 Je29 485 3022, +4
1e60 542108, +4 283 2405 405 24674, +4 5+93 386 526 3.023, +4
170 5545, +4 .22 2a22 425 3050, +4 B.b4 446 568 J4031, +4
1.80 5871, +4 3463 2439 445 4416, +4 1057 S5.07 611 34048, +4
1490 be 137, +4 4,07 2456 467 JaT74, +4 12475 5470 655 J«0DHF, +4
2.00 54523, +4 4453 2a72 AR89 4,124, +4 15417 6034 701 T40%6, +4
2«10 6849, +4 502 2+R8 511 4,468, +4 17484 699 T4R 3.126, +4
220 74175, +4 5a513 3,03 535 44807, +4 204,77 Teb4 797 Je160, +4
2e30 TeB0l, +4 6404 319 559 5139, +4 23.94 Ba28 847 34197, +4
2440 TeB28, +4 beb2 3.32 5A5 54470, +4 27439 Be93 Bge 34237, +4
2e50 BalB4, +4 Te21l Jedh 611 546796, +4 31.11 Fe57 952 3.279, +4
24860 8.48G, +4 7482 359 0da 6e119as +4 35,08 10«21 1007 3a372, +4
2470 BeN0hK, +4 8445 A,72 665 Hed40, +4 39.34 10s84 1063 34368, +4
2480 4132, +4 Da11 3485 693 He759, +4 43,88 11e47 1121 Fed15, +4
2490 Qs458, +4 VT J.97 T22 T7a0T6, +4 48,70 12.08 1131 J.464, +4
300 Fu784, +4 1050 4,09 752 7392, +4 53,80 12e69 1242 Je515, +4
Jel®) 14011, +5 1121 4,20 783 Te705, +4 5%.19 1329 1305 34566, +4
320 1044, +5 1199 44,31 815 54017, +4 64.83 13e86 1370 34620, +4
33D 140076, +5 1277 4,42 847 Be327, +4 70.7% 14«44 1437 T46T74, +4
Jea0 1la1009, +5 1355 4,52 B0 Beh3ITs +4 77.03 1500 1505 J3.728, +4
Je80 1ald42, +5 14.41 4462 14 BeFd4b, +4 B3.56 1555 1574 3.784, +4
Je0 lal74, +5 15,27 4472 48 94253, +4 90,38 1609 1646 T.0840, +4
3470 142075 +5 16415 4,81 283 Pe560, +4 927 49 16462 i71le 3.B07, +4
J.80 12239, +5 17408 4,90 102n Q.8b66, +4 104,88 1714 1793 3.954, +4
.90 1272 +5 17499 4,90 1064 14017, +5 11257 1764 1869 4,012, +4
4,00 14305, +5 18695 S5.00 1094 1,048, +5 120.54 18«14 1947 4,070, +4
4410 143374 +5 1993 Salb 1132 078, +5 128,79 lBeb] 2025 4,126, +4
4,20 1437U0s +5 20494 Se24d 1172 lal0B, +5 137.34 1911 21086 4,185, +4
4430 1ed402, +5 2l a7 5421 1212 1413%, 45 f46.17 19«57 2188 4,243, +4
4440 1e435, +5 23403 5.39 1253 lalb%, +5 156.,22 2002 2272 4,303, +4
4e5N 1e468, +5 24411 5446 1294 1199, +5 164462 2046 2357 4,341, +4
4460 1+50DVU, +5 25422 553 1337 14229, +5 174,31 2090 2444 4,419, +4
4470 1533, +5 26435 5460 13an 14259+ +5 184,27 21«33 2532 4,478, +1
4480 1+50b6s +5 27 e51 S5ebb 1424 14289, +5 194,53 21«75 2621 4,526, +4
4490 leS5%8, +5 2R A9 5472 1468 1e319, +5 205,07 224186 2712 4,594, +4
5400 Leb31, +5 29489 5479 1514 14349, 45 215,89 2256 2804 1.652, +4
S410 lebtsd, +5 Jlel3 5485 15460 14379, +5 227 .00 222986 2897 4,710, +4
5420 leba¥br +5 32.368 5490 1607 1409, +5 238440 2335 2992 4,768, +4
5.30 1729 +5 334467 5.96 1655 1,439, +5 250,08 23.73 3088 4,826, +4
S+40 le7861, +5 4,97 64,02 1703 lad4b68, +5 26205 24411 JlAs 4,883, +4
5450 le774 +5 16,30 607 1752 14498, +5 274431 2448 J2a4 4,94], +4
560 leB726, +5 374066 bal2 180G2 14528, +5 286486 24ep4 3384 4,998, +4
5470 1,857, +5 39.04 6el7 1853 14558, +5 299,71 25420 3485 5,065, +4
bHeB0 1.8392, +5 404,45 he2l 1905 14588, +5 312.84 25455 asaa Sell12, +4
5490 1,924, +5 41,88 Ge27 1987 14617, +5 326.28 2590 Jur2 S5l b9, +4
Hal0 14957, +5 43.34 bedd 2010 1e647, +5 340,01 2be24 3797 54276, +4
belD 14290, +5 44,82 h437 20482 1e677, +5 154,02 2heE7 3904 542R3, +4

el 24022, +5 46,473 badl 2118 1s707, «+5 368,36 26090 4012 54339, +4
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29340

INCIDFHT SHOCK

M

630
640
4450
beb0
6e70
680
6490
T7+G0
TelD
720
7«30
740
750
Te60
T70
7«80
Te?0
8400
8410
820
R+30
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850
8e50
Be70
B8.80
Be®N
200
Fel0
9420
?«30
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Qb0
Fe70
P80
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1020
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2087,
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2«153,
2e185,
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24348,
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2+414,
26446,
24479,
2+511,
2e544,
2577,
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2eb42,
26674,
22707,
2740,
2772,
2+805,
24837,
2-&70!
2903,
24935,
2:968,
3.001,
34023,
J.066,
3098,
3,131,
Fel b4,
3-196’
34229,
3-261’
3.294,
3327,
3,359,
34392,
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+5
+5
+5
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P21

47 487
49,43
51401
5£e62
54,25
55492
57eh0
59431
61405
62451
hd 4560
bbed2
60425
70,42
72.01
7393
75487
7782
79.83
Bl485
R3,R9
B5496
88,05
2017
92432
944,49
b b9
98491
101,18
103,43
105,723
108406
110,41
112.78
115,18
J17e62
120407
12254
125.05
12758
130413
172471

r21

Gasdb
6450
6454
6e508
bebl
bbb
5470
be74
6482
686
6,89
]
baPé
7.00
7.03
707
Tl
Teld
Tel7
7420
Te23
Te26
Te29
7«32
735
7438
Tsdi
744
7Ted7
7450
Te53
7455
7+58
Teb1]
74623
Tebb
Ta68
Ta7l
773
TeTé
7«78

T2

2173
2278
2285
2342
2400
2458
2517
2577
2h38
2699
2761

2823
2886
2950
3014
3079
31458
3211
3278
3344
3414
3483
3552
3822
3692
3765
3837
3910
3983
4057
4132
4207
4283
4360
4437
4514
4593
4672
4753
4833
4914
4998

U2

1736,
le746,
1e794,
1826,
1.855,
1885,
14915,
l1a%44,
16974,
2004,
24034,
2.063,
2093,
2e¢123,
24152,
2al82,
2e212,
2e242,
28272,
24301,
22331,
24361,
24391,
24420,
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24480,
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REFLECTED SHOCK

P21

382,99
397,493
413.17
428,72
444,56
4560473
477 .22
494,03

R31

27423
2755
27+87
2018
28+49
2879
2909
29438

T3

4121
4232
4344
4454
4572
4689
4807
4927

U3

54396,
S.453,
5«50,
Sebbb,
Sab22,
5736,
S4793,

+4
- d
+4
4
+4
*d
+4
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