ENGINEERING TRIPOS PART IIB

Friday 25 April 2008 9 to 10.30

Module 4A11

TURBOMACHINERY 1I

Answer not more than two questions.

All questions carry the same number of marks.

The approximate percentage of marks allocated to each part of a question is indicated in
the right margin.

Attachment: Compressible Flow Data Book (38 pages).
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1 (a) What is the streamline curvature term in the Meridional Streamline Curvature
equation which governs axisymmetric hub-to-tip flow distributions in turbomachines?
Explain carefully under which conditions this term can be neglected in the equation.
Give two practical examples when the streamline curvature term is significant and cannot
be regarded as negligible. [30%]

(b) A low speed axial flow turbine stage has a cylindrical flow path with parallel
hub and casing lines, with a casing diameter of 0.8 meters and a hub-to-tip ratio of 0.6. It
is designed to have a forced vortex distribution at the stator exit, Vg = Kr, where K is a
constant. The flow is uniform at the inlet to the turbine. Use the Simple Radial
Equilibrium equation to find the radial distribution of V, at the stator exit in terms of the
axial velocity at the hub, V, ;,;, for a given uniform flow condition at the stage inlet.

State clearly the assumptions you have used. Explain, without calculation, how the value
of V, pup can be determined by reference to the uniform inlet conditions.

[40%]

(c) For a design which has (Vg /V, )y, =2.0, discuss the validity of using the

Simple Radial Equilibrium Equation for the turbine designed in (b). Comment on
whether the radial distribution of the axial velocity at the stator exit would change if the
streamline curvature effect is included and, if so, would the inclusion of the streamline
curvature term make the axial velocity distribution more uniform or less uniform? [30%]



2 (a) (i) Show that the entropy increase in a compressor blade row operating in air
with an inlet Mach number M;, can be expressed approximately in terms of the stagnation
pressure loss coefficient Y, by

1,2 ysym
AS:RYP(I—(H}/TM,%) yity DJ

where R is the gas constant and ¥ is the ratio of specific heat capacities. State any
assumptions you make in deriving this expression. [20%]

(ii) For a compressor, derive the expression for isentropic efficiency in terms
of the entropy increase. State carefully the approximations involved. What is the
equivalent expression for a turbine? [10%]

(iii) A transonic air compressor rotor section has a stagnation pressure ratio
of 1.8 and an isentropic efficiency of 0.90 when operating at a relative inlet Mach number
M, in =1.35 and with a relative inlet stagnation temperature of 366K. The absolute

stagnation temperature at the inlet is 288K. It is found that at this condition the section
has a single passage shock wave normal to the flow with a shock upstream Mach number
M o shock =1.5. Calculate the loss of efficiency due to the entropy generation across the

shock wave and that due to viscous effects. What is the value of Y, attributable to the
viscous effects? Comment on your results. Take 7= 1.4 and R = 287 J kg 'K"" for air. [30%]

(b) (i) Describe the mechanisms for entropy generation in shrouded and
unshrouded turbine blade tips. Discuss why the stage reaction is an important parameter
when determining whether to use a shrouded or an unshrouded blade.

[15%]
(i1) Show that across an arbitrary shock wave in a compressor blade passage,
the polytropic efficiency can be expressed in terms of the normal component of Mach
number upstream of the shock wave M, as:
1n(1+2—y(M,% 1)
y—1 y+1
Mp = y . [25%]
-1 2 —
In| 7 (L Y=Ly 2y 2 p2 gy
(y+1)* M} 2 7-1
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3 (a) A turbine blade at a sweep angle of 45° is shown in Fig.1. Explain, stating any
assumptions, why this blade is expected to have a greater profile loss than an unswept
design when both blades operate in the same annulus and produce the same turning. Why

might a turbine designer need to use such a highly swept blade row?
[30%]

(b) (i) Contours of stagnation pressure loss coefficient at the exit of an
unswept turbine blade between the hub and mid-span are shown in Fig.2 (a). Explain,
using sketches where appropriate, why the distribution of loss takes this form. Sketch a
plot showing the radial variation of the pitchwise-averaged yaw angle at this axial
location. [30%]

(i) Figure 3 shows the mid-span blade surface pressure distribution for the
swept blade of Fig.1. Sketch the expected blade surface pressure distributions close to
the hub and close to the casing for this blade. Use your sketches to explain the
differences between the exit loss distributions of Fig.2(a) and 2(b). Sketch the exit loss

contours between mid-span and the casing for the swept blade. [40%]
Casing
Flow LE TE
Hub

\45 degrees
Fig.1: Blade swept at 45 degrees

(cont.



MIDSPAN MIDSPAN

(a) Unswept blade (b) Swept blade
Fig. 2: Contours of stagnation pressure loss coefficient at row exit,

between hub and mid-span

—
>

Axial distance
Fig. 3: Mid-span surface pressure distribution for the swept blade
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PERFECT GAS RELATIONS
FOR COMPRESSIBLE FLOW

Ratios of stagnation to static quantities
E =

(=1 2\ 7
P (1.7 le] y-1
Po 2

o _
L[+ 1M2] r-1
Po \

Notes:
(1) T, = const. in adiabatic flow with no shaft work

(2) If flow is isentropic, pg =const. and pq = const. when Ty = const.

Mach number relations (see tables)
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ONE-DIMENSIONAL FLOW OF A PERFECT GAS

Isentropic flow

L[Y_H]
_A_=_L{ 2 (H 7—1Mz)}2 -l
Adiabatic constant area flow
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Normal shock waves in perfect gases
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TWO DIMENSIONAL SUPERSONIC FLOW

Method of Characteristics for 2-D supersonic flow

Applicable to adiabatic (hy = constant)), isentropic flow

+4 characteristic

-4 characteristic

Mach Number M=U f

~f 1
Mach angle =g8in i
g p (Mj

M
Prandtl-Meyer function v= J; M? -1 au
u

V= ’7+ 7 1M2 1) tan~ VM2 - for a perfect gas

Calculations

Lattice Method Field (or wave) method
+U +U

-03=vy -0, along+u v3+603 =v +6) across +i

V3 + 93 =V + 91 along /) V3 — 63 =v2- 92 across —u



Linearised Method of Characteristics (thin film theory)
M A
M,
) a—
—H

p=sinH/M,,)

2
ol NG
Ap = i?—u———_T_— across 1 waves
MZ -1

P~ Do -+ 20
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Pressure coefficient ¢, = on upper/lower surface

Prandtl-Glauert rule for linearised potential flow past geometrically similar
bodies

y y = 7(x)
A
M,
— By
— L .
Pressure coefficient ¢, = P~ P
LI
2 (=] o0

For geometrically similar bodies with % =f (%] and ¢, M, =0)=c p0>

€p0 . .
Cp=—F—=—= in subsonic flow
1-M2
1 . .
Cp o= == in supersonic flow



Oblique Shock Relations (see tables)
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GAS FLOW TABLES (y=1.400): SUBSONIC FLOW

y T ya v vV e, m.jc Ty F AcpLpk 12
T; P c, T : 2
0 0 Po plo Apo Ap e »To D 70

0.010 1.0000 09999  1.0000 0.0063  0.0221 0.0221 451813 7134.405  0.0001
0.020 0.9999  0.9997 0.9998  0.0126  0.0443  0.0443 225994 1778450 0.0003
0.030 0.9998  0.9994  0.9996 00190  0.0664 00664 150761 787.0814  0.0006
0.040 0.9997  0.9989  0.9992  0.0253  0.0885  0.0886 11.3173 440.3522  0.0011
0.050 09995 09983 09988  0.0316  0.1105  0.1107  9.0644 280.0203 0.0017
0.060 09993  0.9975  0.9982 00379  0.1325  0.1329  7.5645 193.0311  0.0025
0.070 09990  0.9966  0.9976  0.0443  0.1545  0.1550  6.4947 140.6550  0.0034
0.080 09987  0.9955 0.9968  0.0506 0.1764  0.1772 56939 108.7182 0.0045
0.090 0.9984  0.9944 09960  0.0569  0.1983  0.1994 50723 834961  0.0056
0.100 0.9980  0.9930  0.9950  0.0632  0.2200 0.2216  4.5762  66.9216  0.0070
0.110 0.9976  0.9916  0.9940  0.0695  0.2417  0.2438  4.1714  54.6879  0.0084
0.120 0.9971 09900 0.9928  0.0758  0.2633  0.2660 3.8350 454080  0.0100
0.130 0.9966  0.9883  0.9916  0.0821 0.2849 02883  3.5513 382070  0.0117
0.140 0.9961 0.9864  0.9903  0.0884  0.3063 03105 3.3089 325113 0.0135
0.150 0.9955  0.9844 09888  0.0947 0.3276  0.3328  3.0996 27.9320 0.0155
0.160 0.9949 09823  0.9873  0.1009  0.3488  0.3551 29172 241978 0.0176
0.170 0.9943  0.9800  0.9857 01072  0.3699 0.3774 27569 21.1152 0.0198
0.180 09936 09776  0.9840  0.1135  0.3908  0.3997 2.6151 185427  0.0222
0.190 0.9928  0.9751 0.9822  0.1197  0.4116  0.4221 24889  16.3752  0.0246
0.200 0.9921 09725  0.9803  0.1260 04323  0.4445 23758 14.5333  0.0272
0.210 0.9913  0.9697  0.9783  0.1322  0.4528  0.4669 22740 12.9560  0.0299
0.220 0.9904  0.9668  0.9762  0.1385  0.4731 0.4893 21820  11.5961  0.0328
0.230 0.9895  0.9638  0.9740  0.1447  0.4933 05118 2.0985 10.4161  0.0357
0.240 0.9886  0.9607  0.9718  0.1509  0.5133  0.5343  2.0225 93865  0.0387
0.250 0.9877 09575  0.9694  0.1571 0.5332 05568  1.9530 84834  0.0419
0.260 0.9867  0.9541 0.9670  0.1633  0.5528  0.5794  1.8892  7.6876  0.0451
0270 09856  0.9506 09645 0.1695 05723 06020 1.8306 69832  0.0485
0.280 0.9846 09470 09619  0.1757 0.5915  0.6246  1.7766  6.3572  0.0520
0.290 0.9835  0.9433  0.9592 0.1819  0.6106 06473  1.7267 5.7989  0.0555
0.300 0.9823  0.9395  0.9564  0.1881 0.6295  0.6700  1.6805 5.2993  0.0592
0.310 0.9811 0.9355  0.9535  0.1942  0.6481 0.6928  1.6377  4.8507  0.0629
0.320 09799 09315  0.9506 0.2003  0.6666  0.7156  1.5978  4.4467  0.0668
0.330 0.9787 09274  0.9476  0.2065  0.6848  0.7384  1.5608  4.0821 0.0707
0.340 09774  0.9231 0.9445 02126  0.7027 07613 15262 37520  0.0747
0.350 0.9761 09188 09413 02187 07205 07842 14939 34525 00788
0.360 09747 09143 09380 02248  0.7380  0.8072  1.4637  3.1801 0.0829
0.370 09733  0.9098  0.9347 02309  0.7553  0.8302  1.4354 29320  0.0872
0.380 09719  0.9052  0.9313  0.2369  0.7723  0.8532  1.4090 27054  0.0915
0.390 0.9705  0.9004  0.9278  0.2430  0.7891  0.8763  1.3841 24983  0.0959
0.400 0.9690  0.8956  0.9243  0.2490  0.8056  0.8995 13608  2.3085  0.1003
0.410 0.9675  0.8907  0.9207  0.2551 0.8219 09227  1.3388 21344  0.1048
0.420 09659  0.8857 09170  0.2611 0.8379 09460 13182 19744  0.1094
0.430 0.9643  0.8807 0.9132  0.2671 0.8536  0.9693 12988  1.8272  0.1140
0.440 0.9627  0.8755  0.9094 02730  0.8691 0.9927  1.2804 16915  0.1186
0.450 0.9611 0.8703  0.9055 02790  0.8843  1.0161 12632 15664  0.1234
0.460 0.9594  0.8650  0.9016  0.2850  0.8992  1.0396  1.2469 14509  0.1281
0.470 0.9577 0.8596  0.8976  0.2909  0.9138  1.0631 12315  1.3441 0.1329
0.480 0.9559  0.8541 0.8935  0.2968  0.9282  1.0867 1.2170  1.2453  0.1378
0.490 0.9542  0.8486  0.8894  0.3027 0.9423  1.1104  1.2033  1.1539  0.1426
0.500 0.9524  0.8430  0.8852  0.3086  0.9561 1.1341 11903 1.0691 0.1475




¥=1.400
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0.510 0.9506 0.8374 0.8809 0.3145 0.9696 1.15679 1.1781 0.9904 0.1525
0.520 0.9487 0.8317 0.8766 0.3203 0.9828 1.1818 1.1665 0.9174 0.1574
0.530 0.9468 0.8259 0.8723 0.3262 0.9958 1.2057 1.1556 0.8496 0.1624
0.540 0.9449 0.8201 0.8679 0.3320 1.0084 1.2297 1.1452 0.7866 0.1674
0.550 0.9430 0.8142 0.8634 0.3378 1.0208 1.2538 1.1354 0.7281 0.1724
0.560 0.9410 0.8082 0.8589 0.3436 1.0328 1.2779 1.1261 0.6736 0.1774
0.570 0.9390 0.8022 0.8544 0.3493 1.0446 1.3021 1.1173 0.6229 0.1825
0.580 0.9370 0.7962 0.8498 0.3551 1.0561 1.3264 1.1090 0.5757 0.1875
0.590 0.9349 0.7901 0.8451 0.3608 1.0672 1.3507 1.1011 0.5317 0.19256
0.600 0.9328 0.7840 0.8405 0.3665 1.0781 1.3751 1.0937 0.4908 0.1976
0.610 0.9307 0.7778 0.8357 0.3722 1.0887 1.3996 1.0867 0.4527 0.2026
0.620 0.9286 0.7716 0.8310 0.3779 1.0990 1.4242 1.0800 0.4172 0.2076
0.630 0.9265 0.7654 0.8262 0.3835 1.1090 1.4489 1.0737 0.3841 0.2127
0.640 0.9243 0.7591 0.8213 0.3891 1.1186 1.4736 1.0678 0.3533 0.2177
0.650 0.9221 0.7528 0.8164 0.3948 1.1280 1.4984 1.0621 0.3246 0.2226
0.660 0.9199 0.7465 0.8115 0.4003 1.1371 1.6233 1.0568 0.2979 0.2276
0.670 0.9176 0.7401 0.8066 0.4059 1.1459 1.5483 1.0518 0.2730 0.2326
0.680 0.9153 0.7338 0.8016 0.4115 1.1644 1.56733 1.0471 0.2498 0.2375
0.690 0.9131 0.7274 0.7966 0.4170 1.1626 1.56984 1.0426 0.2282 0.2424
0.700 0.9107 0.7209 0.7916 0.4225 1.1705 1.6237 1.0384 0.2081 0.2473
0.710 0.9084 0.7145 0.7865 0.4280 1.1782 1.6490 1.0344 0.1895 0.2521
0.720 0.9061 0.7080 0.7814 0.4335 1.1855 1.6744 1.0307 0.1721 0.2569
0.730 0.9037 0.7016 0.7763 0.4389 1.1925 1.6999 1.0272 0.1561 0.2617
0.740 0.9013 0.6951 0.7712 0.4443 1.1993 1.7254 1.0239 0.1411 0.2664
0.750 0.8989 0.6886 0.7660 0.4497 1.2058 1.7511 1.0208 0.1273 0.2711
0.760 0.8964 0.6821 0.7609 0.4551 1.2119 1.7768 1.0179 0.1145 0.2758
0.770 0.8940 0.6756 0.7657 0.4605 1.2178 1.8027 1.0152 0.1026 0.2804
0.780 0.8915 0.6691 0.7505 0.4658 1.2234 1.8286 1.0126 0.0917 0.2849
0.790 0.8890 0.6625 0.7452 0.4711 1.2288 1.8547 1.0103 0.0816 0.2894
0.800 0.8865 0.6560 0.7400 0.4764 1.2338 1.8808 1.0081 0.0723 0.2939
0.810 0.8840 0.6495 0.7347 0.4817 1.2386 1.9070 1.0060 0.0638 0.2983
0.820 0.8815 0.6430 0.7295 0.4869 1.2431 1.9333 1.0041 0.0559 0.3026
0.830 0.8789 0.6365 0.7242 0.4921 1.2474 1.9598 1.0024 0.0488 0.3069
0.840 0.8763 0.6300 0.7189 0.4973 1.2514 1.9863 1.0008 0.0423 0.3112
0.850 0.8737 0.6235 0.7136 0.5025 1.25651 2.0129 0.9993 0.0363 0.3153
0.860 0.8711 0.6170 0.7083 0.5077 1.2585 2.0396 0.9979 0.0310 0.3195
0.870 0.8685 0.6106 0.7030 0.5128 1.2617 2.0665 0.9967 0.0261 0.3235
0.880 0.8659 0.6041 0.6977 0.5179 1.2646 2.0934 0.9956 0.0218 0.3275
0.890 0.8632 0.5977 0.6924 0.5230 1.2673 2,1204 0.9946 0.0179 0.3314
0.900 0.8606 0.5913 0.6870 0.5280 1.2698 2.1476 0.9937 0.0145 0.3352
0.910 0.8579 0.5849 0.6817 0.5331 1.2719 2.1748 0.9929 0.0115 0.3390
0.920 0.8552 0.5785 0.6764 0.5381 1.2739 2.2021 0.9922 0.0089 0.3427
0.930 0.8525 0.5721 0.6711 0.5431 1.2756 2.2296 0.9916 0.0067 0.3464
0.940 0.8498 0.5658 0.6658 0.5481 1.2770 2.2572 0.9911 0.0048 0.3499
0.950 0.8471 0.5595 0.6604 0.5530 1.2783 2.2848 0.9907 0.0033 0.3534
0.960 0.8444 0.5532 0.6551 0.5579 1.2793 2.3126 0.9903 0.0021 0.3569
0.970 0.8416 0.5469 0.6498 0.5628 1.2800 2.3405 0.9901 0.0011 0.3602
0.980 0.8389 0.5407 0.6445 0.5677 1.2806 2.3685 0.9899 0.0005 0.3635
0.990 0.8361 0.5345 0.6392 0.5725 1.2809 2.3966 0.9898 0.0001 0.3667
1.000 0.8333 0.5283 0.6339 0.5774 1.2810 2.4249 0.9897 0.0000 0.3698




0se’L £8'y 65171 895952 €969°| 1486°0 9c180 geer 0 98v0°0 GS00°¢L (AN 8€ce’ L 10690 29050 1980 61940 0gg'L
ove’L LSV LESL'L £925e cLe9’L $886°0 €8180 Liebo SSP00 SP00°L 18¢LE YA 8689°0 SLLS0 cleeo 8¥9.L'0 obe L
oge'L ey |9¥1°L 1962 $86S°| 9686°0 Lv28°0 wm.—..v.o $2y00 $E00° L SL01°e B61LET’L 91890 Y91LG°0 $96£°0 229.°0 0ge .
0ce' L 90y SobL°L £99p°2 8695° | 1066°0 00€8°0 a8y 0 P6€0°0 200’1 $9.0°€ 8G€2°1 €L29°0 €1250 L1L0¥°0 90.L.°0 oce -
ole’t 18°e ereLt A<l ard SLyS'L 8166°0 09€8'0 |9AS 4o} S9€0°0 PLOO' L gsho'e 962’ 0€49°0 29250 0L0v°0 SELLO oLe't
00e'L a5'e 082t SL0v'e €E1S°1 8266°0 ceys8’0 LSI¥0 9E€0°0 +000°} VA 4NoR> eeve’t 28990 L1ES0 <454 P9LL0 002t
064t e FAY AN 98.€£°2 qsgb’ L 1E66°0 g8p8°0 S48 40 60€0°0 S666°0 0bg6'2 9v2’ | ¥#99°0 19€5°0 8LIp°0 £6.LL0 061t
021808 20 PSLLTL 00s€'2 8.8t°| 966°0 69S8°0 2748 4] 1820°0 9866°0 PES6°C 00se’L 0099°0 LIPS0 2eeh’0 2e8L0 [o1:1 0%
oLLL v8'c 260L°L L12€2 oSy’ | £566°0 S198°0 801v'0 G§G20°0 81660 0geee Leset 95590 19PS°0 182v°0 1S8L°0 OLL'E
091°L 1972 620L°L LE62C cEOY | 1966°0 28980 060v°0 0€20°0 6966°0 l268C 2952’ 2kS9°0 LLSS0 eYey0 64840 09}°E
0511 8€°2C 9960° 19922 €9/ 19660 05480 2L0v°0 S020°0 1966°0 929872 0652’1 89v9°0 29550 86EY°0 80640 0SH'L
oLt alL'e £060°} 88€CC S6YEL €.66°0 02880 2s0v°0 28100 $566°0 gcese 8192’1 €290 cl9s'o SSH0 €610 obL'i
ocL’t v6°L oy80°L gLiee Lege’t 8660 2688°0 [420) A 6S510°0 Lb66°0 92082 [T 6.£9°0 £995°0 LISy 0 996.,0 ok
[I7ANE Pl 9220°1 Is8le 8962°| 2866°0 9968°0 L0V 0 8EL0°0 0¥66°0 8cll’c 1992 €£€9°0 v1LLS0 89S0 P66.L°0 02t}
OLL'L €51 eLL0°L 885172 80.¢°} 9866°0 106°0 066€°0 8LL0°0 €660 eevLe 6892} 88290 99,50 929v°0 £208°0 OLL')
00L'L e’ 6¥90°1 geele osve't 6866°0 8L16°0 196€°0 66000 82660 9eLL'2 60L2'1 €290 21850 $89p°0 2s080 00}t
060°L St 98G0° | clole G612°L 2666°0 9616°0 ¥6€°0 28000 2266°0 eb89e 82L2'| 16190 69850 [4 724 4] 08080 060°L
080°L 160 2280’ 61802 P61 L $666°0 11260 616€°0 99000 21660 6592 SvleL 1S90 02650 008%°0 8018°0 080°L
040} 080 8SP0° | 0.50°2 L69L°L 96660 09€6°0 g68€°0 1S00°0 €166°0 85292 09.2'} $0L9°0 2.65°0 098°0 180 0L0°L
090°t $9°0 €620t Gee0'e eyt 86660 60 698€°0 8€00'0 60660 1965°¢ €L12°) 85090 $209°0 6160 S918°0 090°I
080°L 6v°0 8CE0°L €800 96L 1L 66660 LES6°0 erse0 12000 S066°0 82952 v8.LC’L L1090 22090 6.6%°0 €618°0 050’1
0’1 Se'0 €920’ v86° 1L 2S60°L 66660 0296°0 Si8g0 21000 £066°0 06€S°C €6.2°} $3I6S0 62190 BE0S0 2ee80 ob0’L
0e0’L €20 8610°L 0196°L LLEZO'L 0000°t cLL60 18.€°0 010070 00660 €016°2 1082 L1650 1819°0 66050 05280 0€0’L
020’ eL'o ceLo’t 64€6°L (WA el 0000°L S086°0 8520 S000°0 66860 PAR:; rd 908e’ L 698S°0 €290 09150 8/28°0 020’
0L0°L +0'0 9900°L [4 1 Seco’t 0000°L L0660 820 1000°0 8686°0 2esh'e 6082’1 12850 18290 1eeso 90€8°0 0LO’L
od
" A I d 4 0 sy 7 _a ubfu dy  oay o oM o oa o "
ST Sy g Ty AT Sy d opdofy opofy =, d d 1

MOT1d JINOSHAdNS (00t L=A) ST19VL MO1d SYH




00S'L 6Ll 202e’L  EEHW'E €8S 86260  LLOZ0  06e¥'0  L9EL'0  64E0°L  €866'C  1680°F  8/8Z0 0S6E0  velg0 /6890  00CH
061 b9'L 9ELE’L  9S/E'E SE2PT 62860  ZbOLO  GBEK'0  b2EL0  G9E0'L  YE96'E  ¥S60°L  2¥8L0  L66E0  $9L20  S269'0  06bL
08t'L ZELL B90EL  28EE'E  888E'Z  0966'0 €800 6620 88210  IGEO'L  Z826'E  9LOM'L  S08L0 2E0V0  p0STO G690 08l
0Lb°L 2Ol €00EL  LWOE'E  PYSET  06E6'0  O2LL'0  EOEY0  LS2L0  LEEO'L Y68 101 69LL0  vIOV0  GbB20 28690 Ol
o9v'L €L°0L  8€62L  EY9Z'E  202ET  02YE'0  ZSLL0  QOEY'0  SGL2L'0  €2E0°L  86G8'€  BELLL  2ELL°0 9O 98820  LLOZO 09Vl
ost' L 0L 282t 8/22€ €98  BYPEO  96LL0  SOEY0  SLLLO  80E0'k  SS28E  86LL'L  ¥692°0  8SH0 L2620 OKOLG  OSHL
oL SI0L 082’k  SI6L'E  S2S2T  9L¥E'0  SE2L0  OLEY'0  2¥LL'0  S620°L  pLEL'E  8Selh 28920  l02P0 69620  690L°0  ObbL
oet'L 98'6 Wzl GSSL'E L6L2Z  YOSE'0  $LZLO0 LLEY'O 90LL'0 L1820k ¥ISL'E  LIEVE 61920  ¥bEb0  ZLOS0  [60L°0  OSbl
72! 156 9/92°k  86LL'E 8981’2 LES6'0  VIEL0  2LEYD  690L'0  L920°k  9€2L'E  GIELL  18SL0 Z82y’0  SSOE0  92LL0 O3bL
OLb°L 82'6 ZI9gL  YPBO'E  g2GL'T  LSS6'0  GSEL0 2Ie0  E€E0L'0  €520°L 6689 €SIl E¥SL0 OSEM0 86080  SSIZ0 OLbL
00t'L 66'8 lpSeL  2BYO'E  002L'Z  28GE'0  L6EL0  LIEY0 26600  Ov20'L €999 06bL'L  S0SL'0  PISYO  ZPLEO0  PBLLO 00Vl
06€’L oL8 Z8ve’l  PPLO'E G807 L0960 Ovbl'0  OLEP'0 29600 9220k  63T9C  OVSL'L  99bL'0  SLyp'0  LBIEC  €12L0 06l
08€'L '8 gIve’L  8646'C LSS0 0€96'0  €8PL0  80EY0 92600 €420k Z68SE  LOOLL  [2vL0  €9y¥'0  2€2E0 2Pl 08l
0L8'L €L ¥SE2’L  SSPE'Z 18207 €S96'0  L3SL°0  90SP'0 06800  0020°L Q9SS 9SQLL  88€L0  SOSY'0  LL2E0  13L0  OLEL
09€'L veL 0622 GLL6'Z  2TLEE'L 9960  2.SL0  €0SY0  GS80°0  Z8IL0°L  9€2GE€  OMLL'L  6PELD  E€SSK'0 EIEE0  00EL0  OQ9E'L
0SE'L 95’2 9222  8LI8T  96G6'L L6960  8LOL'0 662’0 02800  YLLOTL  L06V'€  E9LL'L  BOEL0  86SY'0  OLEE0  628L0  0SEL
ove’L 82'L 2912  pyve'Z  2826E'L 860 YO9L0  vESY0  S8Z0°0  LOLO'L  IBSY'E  SI8LL 0220  ¥bOY'0  LLbE0  8SEL0  OvEL
0ge’L 002 66021  TLL8'Z  1L68'L  §BL6°0  2LLL0  682Y'0  0SL0'0  6PLOTL  GSSY'E  998L’L  622L0 06950  OVEO  L8EL0  OEEL
0ze't 2L SE0T |t ¥8lLT  L998'L 85460 0920 €820 91000  9ELOTL  LE6E'E  9L6L'L  68L2°0  98Lb0  ZISE0  9MpL0  02E'L
oLe’L b9 ZLELL  6SYLE  GSE8’L  9L/6'0  608L°0  L/2p'0  2890°0  b2LOTL  BO9E'E  G96LL  6bLL'O  28p0  O09SE0  SkvZO  OLEL
00¢'t L9 6061 9EkLZ  0S08'L  P6L6°0 0980 02v'0  8Y90'0  ZHLO'L  /82E'€  bLOZ'h  80LZ0  628P0  609E0  vipLO  OOEL
062°L 06'S 9vsl’l 91892  8vZLL 11860 11620 292¥0  SL90°0  00LO'L  Z962E€  1902'L  Z90L°0  9L8Y'0  8S9E0  €0SL0 062t
08zl €9'G €8/1'L  00S9°2  SbbLL 12860  E96L°0  €SSY'0  28S00  6800°  8YOZ'E  LOKEL 92040 €260  80LE0  2ESL0 082’4
02t 9e's 021k 98192  ISILL  e¥86'0 91080  v¥EY'0  6YS00 2007k LEETE  2GLZh YEE90  LL6K'O0  6SLE0  .19SL0 0L2L
092’1 80'S 1891h  G/86C  §S89'L  1G86'0 L2080  EE2Y'0 21500  9900'h  SL02E  S612h  E¥690  6L0SD  608E0 0650 092t
0d
W A L d d o S W 2 a o&uu% wu m< 0dy 0 &a 2 \( %) od 0y W
T 9 9y AT g loy A gdofu by T4 7 @ L

0o 1=4




0sL'L 4261 ovev° L 254484 €90v°¢ 9v€8°0 1829°0 920¥°0 05220 6v20°L L6168’y 68260 91480 620€°0 81810 2029°0 078
ovl’t 86'81 1741 686EY jefsielog s 68£8°0 S0€9°0 84040 91220 velL0'L 088’y 20e6°0 S898°0 280€°0 L0610 62290 ovL'L
0eL’t 69'8} 0osy°L LYSEY lgge’e LEY8'0 0EE9°0 95040 281e’o 6120°L 8Iv8y v.£6°0 5980 S60E°0 9e610 95290 oeL’t
0cL’L ov'st Lely't 80LEd 8v8c’e v.$8°0 SSE9°0 LL0V°0 vieo v0LO’L SE08p erye’o 2980 621€0 9961°0 £829°0 0cLt
0LL'L oL'sl SSov'L clocy ghe'e 91580 08€9°0 S80¥°0 ghico 6890°} c89LY 60560 1658°0 €91€°0 9661°0 0le90 oLLt
0041 18721 £85Y°1 8egey 0s0e’e 28580 S0¥9°0 860%°0 8202°0 v.90°L clely 1LS6°0 65580 L61E0 920c0 28€9°0 004’1
069°t cS'LL 2ish'L 2081 % ge9l'e 66580 1E$9°0 [4334Y £€¥0c0 0990°L 2689 ¥96°0 12880 2eee0 25020 $9€9°0 069}
089t <Ll obvyL 6LELVY 1921°e 6€98°0 8519°0 S0 80020 S¥90°tL S1S9Y 2LL6°0 S6¥8°0 992¢0 8802°0 26£9°0 089°L
0L9°} €6'91 egey’L £560°'v 1480°€ 08980 S8¥9°0 8ELY0 €.61°0 090’1 6E19'V 6160 c9v8°0 20Ee’0 61120 6190 0L9°L
099°L £9°91 662y°L LES0'y 28v0°'c 02480 21590 0stb o 8e61°0 S190°1 S9.5Y 9v86'0 0ev8'0 LEEE0 1S512°0 Lp90 099°L
0s9°L be9t 822ey’t 0LLO'P 9600 09480 ove8'0 29L¥0 20610 0080°L 26ES Y €166°0 L6E80 €Lee0 8120 SLP90 0s9°}
ovo'tL ¥0'9L 8SIy°t £696°¢ cliee 66480 89590 vLLPO 4981°0 S8S0°t 0205V 0866°0 ¥9€8°0 60¥E'0 L1220 20590 oro’t
0e9’L SL'S1 880v°L 8.26°¢ LEe6°2 8€88°0 96590 S8y 0 1810 0450’} LS9y 00t 18€8°0 arbe0 0seeo 0es90 0es’t
0co’t Sb'SL slov't 9988t 1568°¢ 2880 §299°0 961¥°0 S6LL°0 SGS0°L [ a4 vLLIO'L 16280 £8v€°0 ¥8220 85590 029t
019°L 9l'sl 6v6E’L 9s8'e §.S58C S168°0 §599°0 902v°0 09.1°0 LSO’} al6ey 08L0°L £928°0 02se0 81£2°0 98590 oL9’tL
0091 98'vi 088e’1L 0s08'e 00c8e 25680 ¥899°0 9Iey'o veLLo 9250’k LSSEY 9e0’L 0ee80 485€°0 €8e2°0 ¥199°0 009t
06s'} 95'vL Li8E'L 9v9L’e 828L°2C 68680 S129°0 92ey'0 88910 LSO} i81EY cLeo’t S618°0 S6SE°0 88€2°0 2v99°'0 06s°}
085"t Levy chle’L weLe 85vLC 9206'0 9v29°0 seeyo 1S91°0 960’1 §28cy 8.£0°'} 1918°0 €29€°0 XA 7AY 04990 085t
045t LB'EL vL9E'L 9vg9'e 160L°C 2906°0 24190 evey'0 S191°0 18v0°1 vovey eyvo’L 92180 2L9g0 652’0 86990 0.45°tL
0951 89°¢l 909€e’L 0sh9'e G§2L972 L606'0 60890 25ey0 84510 29%0°1 soiey 8050°} 26080 0LL€°0 96v2°0 92290 09s°}
0ss’t 8e'cl 8ESE’} 4509 £989C 2el60 1$89°0 6852’0 13413 [4c140 s syLL'y eL50°t 1S08°0 0S4€°0 €520 ¥S.9°0 0ss'L
ovs't 60l oLvE’ L 1995'E 2c009c 99160 v.89°0 992%°0 90S10 LEeV0'L a6ely 8€90°L 12080 6880 02520 £829°0 ovs'L
0es’t 6.2l e0veE’} 6.25°€ 4 0026°0 £069°0 €L2¥'0 oLrLo €aro’t Le0ly 20L0°4 986L°0 62880 80920 1189°0 0es’t
0es’L 6v°glt 9gee’t ve8v'e 8825C £€26°0 L+69°0 642v°0 gerLo 80v0°L ¥890°v S920°L 0sS6L°0 698€°0 92’0 0v89°0 02s’t
OISt ocel 692e’t cisve 15144 99260 92690 S82v'0 L6€1°0 ¥6€0°' L £eeody 6280’ 16470 606€£°0 §892°0 89890 01s™4
0d
W " z d d 0y w —z _d Ublu @y oy o, roood 0d 07 W
T w7 AT g toy A pdofy odofu T4 7 @ ]

00p 1=A




0002 8692  G/89°F  pOVOS 000G ¥  602L0  PLISO 61560 OSOE0  ZHiLF  Z6E6G V6520 8260 00620  8Z2h0 95550 0002
066'h  OL'9Z  ¥6L9'L  ¥EBS'S  SESk'y  SS2L0  L6LS0  86SE0 02060  860L L  6968'S  SS9.0  20v60 92620 86210 08550 0661
086"k  €8'SZ  €L9'L  98€S'S  WOb'v 2060 80850  SLOE0 06620  Y8OLL  2HSB'S  8LLL°0  SIE60 2SE20  SLEL'0  S09S0 086l
06V  S§'SZ €699’k 188Y'S  LLOE'Y  6VEL0 92850  SE9E0 09620  690LL  8LL8'S  28LL0  6VEEOD  8IE20  6EEL0  0E9S0  OL6°L
096’V  [z'S2  €S59'F  8IEY'S  ISIEP  SBELO  pBS'0  ZS9E0 62620  GSOLL  SBOL'S  OVBL0  22€6'0  SOYZO  09EL'0  SS9S0  096°L
0S6'L  B6'V2  €Lb9'L  8/8E'S  9692F  SbL0 29850 L2950 66820  MWOL'L  €22L'S  LI6L'0  S626'0  2SY20  L8EL0 089S0  0SE'L
o6t V2 B9’k L8EE'S 2¥2TH  88KL0  088S°0  969€0 89820  L20LL  €S89'S  O/6L0 89260 65520  EOvL'0  SOLS0  OvEL
066’k  Ev'bZ  bIEYL 9882  W6LL'P  GESL'0  668S0  GLIE'0  L€82'0  ZOML  SEVO'S  Lp0S8'0  Ob260  9BYZ0  S2vL0  LELSO  OS6'L
026'F  Sk'be  9629'L  YEEZ'S  WWELP  18SL°0  8L6S0  HELE'0 9082’0  8660°k  6L09'S 9080 E€L260  bISZTO  IbPL'O  9S.50  026'%
OL6'L  /8€2  ISI9'L  SO6L'S  S680'Y  [29L°0  LE6S0  €S/€0  SL/Z0  ¥860°k  $09S'S L8O  S8L6'0  2vSZT0  OLPL'0 28BSO OLE'L
006'L  6S€2 609k 8IS OSKO'Y  PZOL0  9G6S°0  LLLE0  €pLZ0 6960t 6LS'S  LE28'0  ZSLE0 0G0 26VL'0  L08S0  006°L
068t  0S'€Z 1009’k  YEEO'S  8000'F  02LL'0 9650  OBLE'0  2HZ0  SSE0'L  08LY'S  2088'0 62160  B6SZ0  OLSL'0  £68S0 068k
088’k  20'€2 265t  2SPO'S  BISE'E  GOLL'0 96650  BOBE0 08920 06O’k OLEK'S  89€8'0  LOLE0 L2920  6SSL0 69850 088l
0/8' €122  I¥8S'L  £L66'F  LELE'E  LI8L0 91090 98E'0  8Y9Z'0  9260°k  296E'S  SEYB'0 2060 99920  E€9SL'0 8BS0 0.8}
098'k  Sv'Z2  OLIS'L  L6Y6'y  SBOB'E  [S8L°0  9E09°0  HBE0  9L9Z'0  LL6O'k  SSSE'S MOS80 pHO6'0 98920  Z8SL'O  OLESO 098t
0S8’k 9122  €695'L €206  €928'C  206L0  1S09°0  298€°0  €8520  9680°k  OGLE'S 89580  SLO60  GHZZ0  2L9L'0  9E650  0SS'L
ov8'L 88’12  LI9S'L  2SS8'v  2EBL'E  SYEL0 8000 6850 16520 2880°L  [b/Z'S  HE9S'0 9868’0  SplZ0  LE9LO  £9650 OVl
088'L 6512 MWSS'L  ¥808'v  YOPL'E  €66L°0  6609°0  Z68E0  8ISZT0  2980°L  SHEZT'S 1080  [S68'0  9LZZ0 29910 68650 0SSl
028'L  0€kZ 995k SI9Lv  8L69°E  8E080  LZLO0  PLEED  SBYZ0  2980°L  SHEL'S  89/8°0  [268'0 90820  889L0  SH090  028'L
oLt l0'k2  I6ES'L  SSLZP  GSS9'E 2808°0  EvL90  LEGE0  2SYE0  SE80'h  ZPSL'S  GE88'0 86880  LE820  bLL'0 090  Oig'L
008'L €202 OlESh  S699°v  EEIOE 2180 SOLO0  ZPEED  6LbZ0  £280°L  OSLL'S  2068°0  8988°0 89820  OZL'0 89090  008'L
06L'L  vb0Z  WeSL  J€29°v  SKS'E L8O 88L9°0  Y9EE0  SBEZ0  8080'L  SSZ0°S  0/68°0  8E88'0 00620  Z9/L°0  S609°0  O06LL
082k  SL0Z  l91S'L  28/SP  862SE  GL28'0  O0LZ90  086E'0  2SET0  €6L0°L  29€0°S  LE060  8088'0 €620 PELLO  1ZL90  08L'L
0Lt 98'6L €605 OSEST  YESL'E  6S28'0  YEZ90  966E°0  SIET0  6LL0°L  OL66'v  vOME'0  22/8°0 9620  228L'0  8YLO0  OLL'L
092k 9961  6LOSL  088Y'y  ZLYP'E  2088°0  SZ90  LLOYO 8220 $OL0°k  08S6Y  2LL60  [p/S'0 96620  0S8L0  SLL90  09L'L
0d
W A W l.ﬁwl M Oﬁw hg q a O..HQU\J«K dy Ody O..NQU\? (V54 (V74 o..N "
T 9 %4 Ty AT g foy A opdofu opofw T4 @ L

00t 1=4




0522  206€  ¥I06+ BIOOZ 968G  GG090 0OVGO  GO0EO  BEZE0  Ovvi b 9990Z 01190  |€00'F  OPZL0 69800  696v0 OS2
O¥ee  9L2E  ¥268'L  TyP6'9 289 00L9°0  BIYSO  SBOE0  ZHLE0  PEVLL  S8L0°L G990 60007k 09LL'0  8/800  LE6Y0  O¥2T
0€22 1926  SE88’L 69889  1SE9'C  SPI90  IEYSO  90LE'0  L89€0  I2pML  SLLE6'9 12290 98660  08LL0 26800  PLOSO  O€2T
0¢ee  S2?C  Opi8'L 8628’9  IE8S'S 16190  ¥bPS0  LZIE0  199E0  8OMLL  8Y26'9 24290 Y9660  008LO 90600  9E0S0 0222
012 66'1E  1S98'F  0BLL'9  SIESS  9E290  LSYS0  8PIED  SE9E0  SBELL  28/8'9  €EE90  L¥E6'0  028L0 12600  6S0S0 0122
0022  €L1€  6998'F  SOIL9  008¥'S 18290  ILPSO  B9IED  609E0  ZBEHL  BIES'9  68E90  8LEED  MHBLO  GEE0'0  L80SO 00T
06L'2  L¥'l€  I8ye'L 20999  882Y'S 1290  ¥BYSO  6BIED  EBSE0  69SHL  SSBL'O  Ovb9'0  S6860  L98L0  0S600  YOLSO 064
08L'Z  LZ'IE €668’k 209’9  BLIE'S €690 86YSO  OLZE0  9SSE'0  OSEML  S6EL'9  £0S9'0 2860  288L0  G9600  LZISO 082
041’2 G60E 9088’k  tBYS'9  LLZES  6IWY0  11SS0  1€ZE0  OESE0  EVENL  9E69'0  19S90  6Y860  €06L'0 08600  OSISO  0LL'E
09k'Z  69°0E 628 6269 S9LZS  ¥I¥90  SBSS0  2G2E0  €OSE0  OEEML  8L¥99  6L990 2860 S2BLO 96600  €LISO  09LT
0SL'Z  SY0E  2ElgL  LLEY'9  €922S  LIS9'0  OVSS'0  3LE0  9LYE0  LIEWL  €209'9 L1990 20860  OV6LO  LLOKD  96IS0  OSHZ
Ovl'Z  9L'0E  9y08'h L2869  29LL'S 2SS90  vSSSO  €6280  GYYEO  E€O0EML  69SS'9  9EL9°0 8460  896L0 120D 6KZSO  OVLZ
0ELZ 0662 096k 08289  H92L'S  €099'0  89SS0  YIEEOD  ZYE'0  062FL LI 96290  YSL60  0B6LO  €YOLO  E¥eSO  OELE
02V €962  S/8L°h  SE/Z'9 890  6Y99°0 €8SS0  YEEEO0  YEESO 92Vl Z99v'9  $S890  O0EL60  €L0T0 0900 99250 02T
OL'Z 9862  68LL°k €619  SL20°S  9699'0 86550  SSEE0  99E€0  €92FL  8L2Y'9  ¥I690 9060  SEOZ'O  LL0L0 06350 OLLE
00L'Z  Ob62  SOLL'L bSO’ €86y 2pL90  EI9S0  9LEE0  6ES8°0  OSZML  BLLE9 Y2690 18960 8S0Z0  YEOLO  EIES0 00T
0602 €982  029L°F  LLLL'9 G626y 68190 82950  96EE0  OLEEO  9EZKL  92€E9  YEOLO L5960 18020 LD LEESO  060T
0802 9982  9ESLL  £8S0°9  B0BSY  SEB90  E¥9S0  ZIE'0 2820  223Mh €889 G60L0  2L960  OKZO  82H0  L9ES0 080T
0,02 6282  2ShLL  1S009  Y2EEY  2889°0 65950  LEVE0  HSIE0  602HL  bb2'9  9SLZ0 20960 82kE0  9YLL'0  SBESO 002
0902 2082  6QEL'L  €2S6'S  e¥BLP 82600 G960  8SPE0  SE0  SBHLL L0029 LKBZ0  28S6'0  2SIZ0  ¥OLLO  60YSO 0902
0502  SL/2 S8t 9668'C  €9EL'Y  SL69°0  169S0  BLPEO L6100  IBLVL  B9SK9 6220  ZSS6'0  9LIZ0  28LLO  €EYS0 0502
0¥0Z  8vZ2  €02LL  €LY8'S G889 220L0  LOLS0  86YE0  8OLED  L9WML 929 OVEZO  LESE0 00220 102D  8SKS0  Ov0T
0802 0242  O02LLL  2S6L'S  LIYAY 6900  €2L50  8ISE0  SEIE0  YSHLKL 26909  EO20  90S60 @20 022b0  28YS0 0802
0202  €6'92  8E0LL  €EWL'S  RE6SY  GLLL0  OVIS0  BESEC 600 ObLLh 85209 S9¥L0  0BYE0 05820 68210 90SS0 0202
0102 9992 9969t  BI69'S  89YSy  29LL0  ZS/S0  6SSE'0  0BOEO  92LL'h  [286'S 82540 YSYE0  SL220  8S2b0 1SS0 0102
0d
w4 L d 4 9w p_a  ubfw dy oy oh oy a g n
u.rN u.OnN u.nN ﬂ N>Q ﬂ KNE\N .\.Q.V qd OrNQD\ 'E orNQ.U 7] A q q ..H

00 1=A




0052 2166 GIelz 19258  0GeIL  066r0  OSIG0 19550 0280  OVLiT 0068 85800  IWG0T  ZIEr0 8500  vhh0 0052
062  68'8¢  9/21'7  029V'8 8990  OE0S0  OpiSO  08ST0 86200  YELLL  v6vZ'8  b06YO 2250k ZEEL0  ESO0  bebP0 062
08y2 99'8¢ 8LL1¢C 286¢£°8 8800°L 12050 6150 66S2°0 L.2v0 [>r A 08618 0s6t°0 €05S0°} 9peL’o +090°0 $8¥¥°0 0o8vy'e
OkZ  2Z¥SE  080L'Z  OYEE'S  LISEQ  LLLG0  6SIS0  6K920  SSE0  ZHKL 89y 966v0  $8YO'L  Z9EL0  E1900  $OSHO  OLbT
09vz  8I'8E 28607  ELLZB  SE68'0 SIS0 6OLG0 66920  EEE0  O0LML  860®  EYO0SO SO0’k LLEL0  £290°0  $2SH0  09v'Z
0stve S6°LE S880°C £802'8 £9€8°9 €615°0 64150 8592°0 Liev 0 6891°1 0sv0'8 060S°0 90t 26€1°0 €£90°0 i ¢z 14" 0sy2
Ovb'z  MUE 880  SSYL'  26.L9  YEES0 6810 8920  68L0 L9V  EYEEL  ZE1S0  9ZYOh  BOVL'0  €¥900  S9SH0  ObtZ
OBz b8 16907 O0S80°8  bZLQ 9250 00250 86920  Z9W0  S99L'L  BEEL  SBIS0  LOVO'L  tevl'0  €990°0  S8SY0  OSHZ
0zbz  €2LE 96507 L0208 8S99°9  LIESO  0L2S0 8120 bHLO  bS9LL  SE68'L  €625°0  L880°F  6EVLO  £990°0  909v0  0ZHT
Oz 669  66Y0'Z  [8SE6L  S609'0  6SES0 1220 BEZ0 220 2HOLL  VEVEL 28250  L960°h  9SPLO €900  929v0  OMT
oove GL9¢E €0v02 6968°L €559 10¥S0 €250 85.2°0 6600 0e9l’t qE6L°L LEES0 FA 2> N8 elvl0 $890°0 FAZ 1Y) 00¥'2
06e'C 05°9¢ 80€0°2 $SE8°L GL6Y'9 h242°1° eves0 8LL2°0 9.0v°0 8191°1L LevL L 08€S°0 12€0°t 88¥1°0 G690°0 899%°0 06€£2
0867 9298 €1207  ZvLLL  SIbYO  98V50 €S20 96/2°0 €500 909KL  LbBOL OSSO L0S0'  SOSLO 9000 8890 OBET
0£2 2098 61107 ZEMLL  bOSE9 62650  v92S0  818T0  OSOKO  S6SKL  LbbO'L  08YSO 9820t 2SO L1200 6040 OLET
0967  LU'SE  S2007 SISO  ZIEE9 2SS0 S/2S0 6820 9000  28GHL  SS6GL OSSO 9920 6ESL0 822000  MEY'0  O9ET
0se7  €9'Se  1e66'.  026G'L €929  SI9S0 98250 69820  €9660  OLSL'h  bOvSZL 1850 Gv20h 9SS0 Ov00  2SLb0  OSET
ovee 82'GE 8€86' | 61LES°L Siee9 8595°0 16250 6,820 6356€°0 8GSL°L SL6YL 2£95°0 220’} vLS1°0 15200 eLLY 0 ovee
81594 €0°Ge 1748 6LV L 129179 20450 60€S°0 0062°0 GE6E'0 £ 218 88¥t°L +895°0 +$020°} 26S1°0 €920°0 L TA A 0ee2
0267  SLVE 2996’k 2L S2h'9  SpIS0 12650 02620  MI6E0  PESKL €00V 9550  28K0° 6090 SO0 9I8Y0  OZET
Ol€Z  ©SPE  09S6'h  82S6L  88S0°0  68/5°0  ZEES0  LEZ0  L88E0  IZSHL  O02SEL 8850 M9L0h 82910 1800  LE8Y0  OLER
0067  82vE  QovE'L  LE62L  0S00'9  €68S°0  VYEG'O  1O6Z0 2980 60SHL  BEOEL MBSO OvLO  9bOL'0 00800  6S8Y0  OOEZ
0627  EOWE  O/86'  @YETL  SISE'S L850  9SES0 28620  888E0  L6bLL  8SSTL  $68S0  SLLOh  $99L0 21800 1880 0622
0827  SLEE G826’  29LL'L  869'S 12650  B9ES0  SO00E0  EI8E0  PBYLL  080ZL  B¥ES0  L600'h  €99L0  S2800  €06K0 0822
027 ©SEE P66 BLLL'L  SYE'S 99650  LSES0  £20C0  BBLE0  2ibbh €091 20090  SL00°h 2010 86800  SZ6Y0 02T
0927  [ZEE  POLE'L  L6S07  T26LS  LK090 660 PMOE0  E9LE0  6SPLL  62hiZ 95090  £500°h  k2ZO  1SB00  Lp6Y0 0922
0d d
W p I d d % oy —z _a orffu  dy A 2 od 0f W
Ty g Ty eA%T gl d o opdofu 0pfobu T, d d A

00t 1=A




0SLc 69'vP 996€¢  L2le0L  €959'8 290v'0 8i6v'0 8012’0 6081°0 8002t 06v9'6 8E8€°0 €L60°1 66600 86€0°0 086€°0 0sLe
ovL'e st'vb 868¢€°C 12hi'oL  22es'e L60¥°0 926v'0 g2ieo L6LY0 6661°1 62656 G/8€°0 2560°} 0l0L0 Y000 866€°0 ovL'e
0€LC VXA 44 05462 81L0°0F 8258 LELPO £e6v0 ovico eLLv’0 6861°1 0.€S°6 CLEE0 Lv60°} 2c0L’0 0L+0°0 SLOY"0 0eL’c
02Le SOV gy9ee  LI00'0F  8vyop's 991¥'0 60 15120 aSiv'0 64611 8’6 6v6€°0 260t €€01L°0 L1v0°0 eeor’0 OcLe
oLLe y8'ey 9€5€C 61€6'6 S10b'8 L02¥"0 6v6%°0 vL12°0 18L¥°0 6961°1 1821’6 186€°0 8060°} ¥P0L'0 €200 [8=10)4¢} (¥
00472 2oty 6evee Y2986 £8€E'8 9e2H'0 9s6¥°0 26ie0 8LLb°0 6S61°1 €0.£'6 SSoP0 2680°L 9501’0 oe0'0 890¥°0 00Le
069c ov'ey €CeeC 1E64°6 G628 LLeyo ¥964°0 60220 00L¥°0 6v6L°L 1GIE6 €90v°0 S280°L 49010 9ev0'0 980¥°0 069¢
0892 6L'ch Llege Lyel'6 gcles L0eY'0 cl6v’0 12220 189Y°0 6E61°L Loges 20tv'0 6580°¢t 64010 evry00 ¥0Ly'0 089°¢
0492 l6cy LLige Y5596 0S8 erer0 086¥°0 Sbee0 299%°0 8261°1L 25026 84544 cy80’L 16040 0500 1454 0492
08972 Si'ey 900€ge 69896 28808 64E¥°0 8860 292e’0 evav'o gLeL" L 90st'6 08iy0 Gego't €0LL0 L5%0°0 Wwiv'o 0992
0592 £8°ch co6e'e 98156 £920°8 9L¥P0 966%°0 08220 ¥2av'o 8061°t 19606 0gey 0 8080°L SLELO yo0°0 65L¥°0 0S9°c
ov9e Lech l6L2C 90St°6 Sb96°L asvt0 50050 862c0 ¥09t°0 68474 81y0'6 092+'0 164071 82110 L2¥0°0 LLW0 orge
0€£9°2 60°2Y £692°C 628€°6 L€06°L 88t¥'0 €105°0 FAS YAV g8S¥'0 188174 1286’8 00EY'0 v220°) ovLL'0 82400 96L¥°0 0€9°C
029¢C 98’y 06522 esle’s 18 4: 04 9es¥o 22050 GEEC0 G9sh'0 92811 8EE6°8 LWEY0 L5201 €SLL0 98v0°0 viey'o 0292
0192 vo'Ly 98%2'3 £8vd’e 808L°L Y9SPh'0 08050 £S€2'0 9vSy'0 99817} 10888 28e'0 ovL0°L 99110 €640°0 [XXAAY 019%¢
0092 S A8 £8€CC £181'6 002.'2 L09%"0 6050 L2E2°0 92sv'0 j#3°1: ] 8 §9¢28°8 €2y o cclo'} 64110 L0S00 2sev’o 009¢
0652 6Lty 182¢¢ oviL'6 S659°L 6E9Y°0 Y050 06€c0 90S+°0 rel’l ceLL'8 SO0 S040°L 26LL0 60500 LLey'o 0652
0852 96'0b 64122 28v0'6 1665°L 2L9v°0 95050 60vC0 98¥1°0 vestkt 00e.l8 L0S¥°0 4890°L S02L'0 L1500 6820 0852
0152 i ZA04 220272 0286°8 16EG°L SLLP0 S905°0 12¥20 99%1°0 74:] S 0,99'8 0sst'0 6990 81210 G2S00 60EY0 04572
0952 15°0b 9.617C 1916'8 c6LYL YSLY°0 ¥205°0 )7 AY 14440 [48:]1 38 198 £65H°0 1S90°} 2geto £€50°0 gcev0 09s°e
0sse 8c'ov S/81°C S0s9'8 961I¥°L €64¥°0 £805°0 S9v2 0 gerb o LO8L L 51998 9e9t°0 €890t av2el’0 2¥S0°0 LYEY'O 0Sse
ovse so'ov vlLLe 1684°8 2c09¢g°L 2esyo 26050 ¥8vc0 1424 06411 06058 0g8ot'0 Si90°L 092t0 08500 99EP 0 orse
0ese c8'6€ vi91°¢C 00cL'8 Log'L 148%°0 c0Lso €0Sc0 £8eY°0 62LL°L L9g¥'g YeLy 0 1650°L  ZXAYY) 65S0°0 98EY'0 0gSe
0ese 656 1 ZA°1%4 1659°8 leveL LEL6Y0 LELSO [T AY 29er0 89174 9y0v'8 89.L¥°0 8450°4 88240 49500 Sovp 0 0cse
o1se 9€°'6¢ vivie S06S'8 Se8lL’L 056%°0 02is0 (847 Lpero LSLLL L2Se'8 €18°0 0950°1 20eL’0 94500 Seyyo 01582
0d
w4 L 44 4 sy —_a Yow dv oy bt o a oy
ST S0z I l&m 72497 xeuty {5y, Aad o&mu?& 0795 Mu 1 J d ¥

00v 1A




000 9.'6% 06492 0L90°2L €Leeol £822°0 26Ly°0 GLLL0 eeea’o 6€22’} b4 A AR G20e°'0 geet’l 2920°0 2.20°0 L2SE0 000°e
0662 9G'6% €299 6E€86'LL SE920L 2Lee’o 8S.9°0 62LL°0 90280 ogee’t Y160°L L $S0€°0 gseel’L 0L20°0 9,200 18SE0 0662
0862 VAN 4 GG6S9°2 2L06’'LL 8E6L°0L ovee0 A2 VA A YPLL0 16150 2T’ L 8066°01 £€80€°0 cleL’l 6,00 18200 209€°0 086°2
04672 gL'6t 6EP9°C 90€8°LL  PP2L 0L 69€E0 0LLP0 8GLL°0 QL1600 glee’t Y0e6°01 eLLe0 86c1°} L8200 S820°0 819€0 0,62
096 86'8Y 23g92 PPSLLLE 2SS0°0L 86€£L°0 QLLY O eLLL0 09150 0T AN c0.8°01 evieo v8elL’L 96200 6820°0 £€9¢€°0 0962
0562 8.8V 90292 $8L9°L L £986°6 82ve0 c8LY0 88410 SyLS0 G6lc’L 201801 eL1E0 [T AN #0800 £620°0 6¥9€°0 0S6°2
ov62 658V 1609°2 9209°LL SL1L6'6 LSPE'0 88.9°0 €081°0 62150 1812} Y0SL'01 £02€°0 [e]o74 A 8 €180°0 8620°0 G99€'0 ov6°2
0€6°2C 688V 9/6572 1225 L L 16¥8°6 L8E°0 S6LY°0 81810 [>] 8=x¢] 8L12°L 8069°01 $€2e0 evel’tL 22800 20€e0°0 189€0 0€6'2
02672 6L'8Y 1985°2 6LSY LL 808L°6 LISE0 L08t°0 €E8L°0 L60S°0 69l2’L cLE9'0} S92€°0 g82et’L LE€80°0 L0E00 969€0 0262
0l6'c 66°LY ov/.S2 0LLE°LL 82LL'6 LPSE0 208%°0 8¥81°0 180S0 o9le'tL 02.S°0t 962¢°0 vich'L 0ov80°0 2Le00 2LLE0 01672
006 6L°Ly 2£95°¢2 cc0e L 0Sy9°6 LLSE0 ¥18v°0 £981°0 G90S°0 1sie’t 0eLsot 82€e’0 66LL°1L 6¥80°0 LIEOO 62LE0 006°¢
068'c 6S°LY 8169°C 8l2¢LL GLLS6 809€0 [er42140] 62810 6¥0S°0 erie’t L$SP'0L  .6SEE0 G8LL'L 8580°0 12e0°0 SviE0 0682
0882 6E° LY SopSe 9eSL LL LoLS'8 6€£9€°0 L28V°0 $681°0 £e050 cele’t $S6E°01 26EE°0 LLLL L hmwo.o 92€0°0 19.€°0 0882
0.8'C 6L°LY 26252 L6L0°LL K% 44l 0.9€°0 £e8y 0 01610 91050 [r A Al 8 89€€0L yeve0 oStLL'L LL80°0 LEE0'0 22.E0 082
0982 8679 6L1S2 0900°LL 29.£°6 10,0 [0)722140] 92610 00050 viLigL S8L2°0L LSPE0 WLl 9880°0 9€€0°0 $6.E°0 098°2
0s8’¢ 8L°9% 19062 92¢e6'0L 960€£°6 €eLe'0 L8P0 HW6L0 £861°0 soLe’t 02201 06v€°0 [er4 A A 9680°0 Ly€0°0 018€°0 0S8°2
[0) 2044 LS9p SS6v°2 $6S8°01 2eve’6 S9.€°0 $S8b°0 LS61°0 996%°0 S60C°1 $291°01L €250 FELLTL 9060°0 LYe00 L28€°0 ovg'e
0e82 LE'9Y H8y2 G98/.0L 1LLL6 16420 198+°0 e.6L0 6¥64°0 9802’1 9v0L 0l LSSE0 9601L°L 91600 2SE€0'0 $8€°0 0gge
0282 9L°9b eeLbe 6ELL 0L LLLLB 6280 898Y°0 0661°0 2e6v°0 .02} 0Ly0°0L 16GE0 180L°L 9260°0 1S€0°0 098€°0 0zgge
[0]8:0r S6°SYy 229v°2 SIy9 0L SSv0'6 298¢0 SL8Y°0 90020 S16¥°0 1902°L 9686°6 G29e0 9901°} 9e60'0 €9€0°0 LL8E0 olg'e
0082 GL'SYy clsh'e 69501 00868 S68€°0 2884v°0 22020 868Y°0 8602’ | ¥2E6°6 099€°0 LsoL°L 9+60°0 89€0°0 $68€°0 0082
06L°2 b 2°B°14 F{0) 4 24 SL6%°01 816’8 826€°0 688Y°0 6€02°0 088’0 8y0e’ L €G.8°6 S69€°0 SEOL'L 1S60°0 v.L€0°0 LL6E0 08L¢C
08.7¢C €e'SY ceere 6S2P 0L 86¥8°'8 196€°0 968¥°0 GS020 £98%°0 ge02°L S8ie’'s 08LE°0 020L°L 1960°0 08€0°0 826£°0 08L¢
0LL2 F4 %14 esly'e 9pse 0L 1G8L'8 $66€°0 £06%°0 2L02°0 S8t 0 6202’1 819.'6 99.8°0 YOOL'L 86070 98€0°0 SP6e0 0LLC
09.°2 16°vb vi0P°2 GEQZ 0L S0zl 8200 L16Y°0 68020 128%°0 . 6102°1 €G0.L6 208€°0 ) 8860°1 6860°0 26£0°0 £96E°0 09.7¢2
od
W A L d d 0 S "y a o.hm\ft dy 0dy ormho\,. 0g 0d 0r W
T Y AT v Loy 4 opdohy oo T, d d Z

00%" 1=A




GAS FLOW TABLES (y=1.333): SUBSONIC

FLOW

u 1 L P 1% W CPTO m CPTO F 4Cf Lmax lpvl
T c,Tn —— 2
0 Po Po plo Apg Ap e »To D 7o

0.010 1.0000 0.9999 1.0000 0.0058 0.0231 0.0231 43.2958 7493.200 0.0001
0.020 0.9999 0.9997 0.9998 0.0115 0.0462 0.0462 21.6560 1868.007  0.0003
0.030 0.9999 0.9994 0.9996 0.0173 0.0693 0.0693 14.4464 826.7890 0.0006
0.040 0.9997 0.9989 0.9992 0.0231 0.0923 0.0924 10.8442 462.6179 0.0011
0.050 0.9996 0.9983 0.9988 0.0288 0.1153 0.1155 8.6851 294.2161 0.0017
0.060 0.9994 0.9976 0.9982 0.0346 0.1383 0.1386 7.2475 202.8455 0.0024
0.070 0.9992 0.9967 0.9976 0.0404 0.1612 0.1618 6.2222 147.8292 0.0033
0.080 0.9989 0.9957 0.9968 0.0461 0.1841 0.1849 5.4546 112.1800 0.0042
0.090 0.9987 0.9946 0.9960 0.0519 0.2069 0.2080 4.8587 87.7848 0.0054
0.100 0.9983 0.9934 0.9950 0.0577 0.2297 0.2312 4.3831 70.3719 0.0066
0.110 0.9980 0.9920 0.9940 0.0634 0.2523 0.2544 3.9949 57.5186 0.0080
0.120 0.9976 0.9905 0.9928 0.0692 0.2749 0.2775 3.6724 47,7680 0.0095
0.130 0.9972 0.9888 0.9916 0.0749 0.2974 0.3007 3.4003 40.2012 0.0111
0.140 0.9967 0.9870 0.9903 0.0807 0.3197 0.3239 3.1678 34.2155 0.0129
0.150 0.9963 0.9851 0.9888 0.0864 0.3420 0.3471 2.9670 29.4027 0.0148
0.160 0.9958 0.9831 0.9873 0.0921 0.3641 0.3704 2.7920 25.4777 0.0168
0.170 0.9952 0.9810 0.9857 0.0979 0.3861 0.3936 2.6383 22,2372 0.0189
0.180 0.9946 0.9787 0.9840 0.1036 0.4080 0.4169 2.5022 19.5326 0.0211
0.190 0.9940 0.9763 0.9822 0.1093 0.4298 0.4402 2.3809 17.2536 0.0235
" 0.200 0.9934 0.9738 0.9803 0.1150 0.4514 0.4635 2.2724 15.3166 0.0260
0.210 0.9927 0.9711 0.9783 0.1207 0.4728 0.4869 21747 13.6578 0.0285
0.220 0.9920 0.9684 0.9762 0.1264 0.4941 0.5102 2.0863 12.2273 0.0312
0.230 0.9913 0.9655 0.9740 0.1321 0.5162 0.5336 2.0061 10.9859 0.0340
0.240 0.9905 0.9625 0.9717 0.1378 0.5362 0.5570 1.9330 9.9026 0.0370
0.250 0.9897 0.9594 0.9694 0.1435 0.5569 0.5805 1.8662 8.9522 0.0400
0.260 0.9889 0.9562 0.9669 0.1492 0.5775 0.6040 1.8049 8.1146 0.0431
0.270 0.9880 0.9529 0.9644 0.1549 0.5979 0.6275 1.7486 7.3731 0.0463
0.280 '0.9871 0.9494 0.9618 0.1605 0.6181 0.6510 1.6966 6.7140 0.0496
0.290 0.9862 0.9459 0.9591 0.1662 0.6380 0.6746 1.6486 6.1261 0.0530
0.300 0.9852 0.9422 0.9563 0.1718 0.6578 0.6982 1.6042 5.6998 0.0565
0.310 0.9843 0.9384 0.9534 0.1775 0.6774 0.7218 1.5629 51272 0.0601
0.320 0.9832 0.9346 0.9505 0.1831 0.6967 0.7455 1.56245 4.7016 0.0638
0.330 0.9822 0.9306 0.9475 0.1887 0.7158 0.7692 1.4888 43173 0.0675
0.340 0.9811 0.9265 0.9444 0.1943 0.7347 0.7929 1.4555 3.9693 0.0714
0.350 0.9800 0.9224 0.9412 0.1999 0.7533 0.8167 1.4244 3.6535 0.0753
0.360 0.9789 0.9181 0.9379 0.2055 0.7717 0.8405 1.3953 3.3663 0.0793
0.370 09777 0.9137 0.9346 0.2111 0.7898 0.8644 1.3680 3.1046 0.0834
0.380 0.9765 0.9093 0.9311 0.2167 0.8077 0.8883 1.3425 2.8655 0.0875
0.390 0.9753 0.9047 0.9276 0.2223 0.8253 0.9122 1.3185 2.6469 0.0917
0.400 0.9741 0.9001 0.9241 0.2278 0.8427 0.9362 1.2959 2.4466 0.0960
0.410 0.9728 0.8954 0.9204 0.2334 0.8598 0.9603. 1.2747 2.2627 0.1003
0.420 0.9715 0.8906 0.9167 0.2389 0.8766 0.9843 1.2548 2.0937 0.1047
0.430 0.9701 0.8857 0.9130 0.2444 0.8932 1.0085 1.2360 1.9382 0.1091
0.440 0.9688 0.8807 0.9091 0.2499 0.9095 1.0326 1.2183 1.7949 0.1136
0.450 0.9674 0.8757 0.9052 0.2554 0.9255 1.0569 1.2016 1.6627 0.1182
0.460 0.9660 0.8706 0.9012 0.2609 0.9412 1.0811 1.1858 1.5405 0.1228
0.470 0.9645 0.8654 0.8972 0.2664 0.9567 1.1055 1.1710 1.4276 0.1274
0.480 0.9631 0.8601 0.8931 0.2718 0.9718 1.1299 1.1569 1.3231 0.1321
0.490 0.9616 0.8548 0.8890 0.2773 0.9867 1.1543 1.1436 1.2263 0.1368
0.500 0.9600 0.8494 0.8847 0.2827 1.0012 1.1788 1.1310 1.1365 0.1415




¥=1.333

M .._T_ Y wi L 14 CpTO m CPTO F 4Cf Lmax lpvz
T; c, T, . 2
0 Po Po 70 " ape Ap W \/CpTO D o

0510 09585  0.8439  0.8805 02881  1.0155  1.2033  1.1192  1.0532  0.1463
0520 09569  0.8384  0.8761 02935  1.0295 12279 11079 09759  0.1511
0.530 0.9553  0.8328  0.8717 02989  1.0431  1.2526  1.0973  0.9041  0.1559
0540 09537 0.8271  0.8673 03043 1.0565 1.2773  1.0872  0.8373  0.1608
0550 09520  0.8214  0.8628 03097 1.0696  1.3021  1.0777 07752  0.1656
0560  0.9504 08157  0.8583 03150  1.0823  1.3269  1.0687 07174  0.1705
0.570 0.9487 08099  0.8537 03204 1.0948  1.3518  1.0601  0.6636  0.1754
0.580  0.9470  0.8040  0.8490 03257  1.1069  1.3768  1.0520 0.6136  0.1803
0.530 0.9452 07981  0.8443 03310  1.1188 14018  1.0444 05669  0.1852
0.600 0.943¢ 07921 08396 03363  1.1303  1.4269  1.0371 05235  0.1901
0.610 0.9417 07861  0.8348 03416  1.1415  1.4521  1.0303 04830  0.1950
0.620 0.9398 07801  0.8300 03469  1.1524 14773  1.0238 04452  0.1999
0.630 09380  0.7740  0.8252 03521  1.1630 15026  1.0176  0.4101  0.2048
0.640 09362 07679  0.8203 0.3573  1.1733 15280 1.0118 03773  0.2096
0.650 09343 07618 08153  0.3626  1.1833  1.5534  1.0063  0.3467  0.2145
0.660 0.9324 07556  0.8104 0.3678  1.1930 15789  1.0011 03183  0.2194
0.670 0.9305 07494 08054 03729  1.2023  1.6045 09962 02918  0.2242
0680 09285 07431 08003 03781 12114 16301 09916  0.2671  0.2290
0.690 09266 07368 07953  0.3833 12201 16559 09872 02441  0.2338
0.700 0.9246 07306 07902  0.3884  1.2285  1.6817  0.9831 02227  0.2386
0710 09226 07242 07850 03935 1.2367 17075 09792  0.2028  0.2433
0720 09205 0.7179 07799 03986  1.2445 17335  0.9756  0.1843  0.2480
0730 09185 07116 07747 04037 1.2520 17595  0.9721 01671  0.2527
0.740 0.9164  0.7052  0.7695  0.4088  1.2592  1.7856  0.9688  0.1512  0.2574
0.750 0.9144  0.6988 07643  0.4139  1.2661  1.8118 09658  0.1364  0.2620
0.760 0.9123  0.6924  0.7590  0.4189  1.2727  1.8381 09629  0.1227  0.2666
0.770 0.9102  0.6860 0.75637  0.4239  1.2790 1.8644 09603  0.1100  0.2711
0.780 0.9080 0.6796 0.7484 04289  1.2850  1.8908 09578  0.0983  0.2756
0790 09059  0.6732 07431 04339 12907 19174 09554 00875  0.2800
0.800  0.9037  0.6668  0.7378  0.4389  1.2961  1.9440 09533 00776  0.2844
0810 09015  0.6603  0.7325 04438  1.3013 19706 0.9513  0.0685  0.2888
0.820  0.8993  0.6539  0.7271  0.4487  1.3061  1.9974  0.9494  0.0601  0.2930
0.830  0.8971  0.6475 07217  0.4536  1.3107 20243 09477 0.0524  0.2973
0.840 08949  0.6411 07164 04585  1.3149 20512 0.9461  0.0454  0.3015
0.850 0.8926  0.6346 07110  0.4634  1.3189 20782  0.9446 00391  0.3056
0.860 0.8904  0.6282 07056  0.4683  1.3226 21053 09433  0.0333  0.3097
0.870  0.8881  0.6218  0.7002  0.4731  1.3260 2.1326  0.9420 00281  0.3137
0.880  0.8858  0.6154  0.6948 04779  1.3292 21599  0.9409 00235 0.3176
0.890  0.8835  0.6090 0.6893  0.4827  1.3321 2.1873  0.9399 0.0193  0.3215
0.900 0.8812  0.6026 06839  0.4875  1.3347 22147 09390 0.0156  0.3253
0.910  0.8788 05963  0.6785  0.4923  1.3370 22423  0.9383 00124  0.3291
0.920 0.8765  0.5899 06731 04970  1.3391 22700 09376 0.0096  0.3328
0.930 0.8741 05836 06676 05018  1.3410 22978  0.9370 0.0072  0.3364
0.940  0.8717 05773 06622 05065  1.3425 23256  0.9365  0.0052  0.3400
0.950  0.8694 05710 06568  0.5111  1.3439 23536  0.9360  0.0035  0.3435
0.960 0.8670  0.5647  0.6514  0.5158  1.3449 23817  0.9357  0.0022  0.3469
0.970  0.8646  0.5585  0.6459  0.5205  1.3458 24098  0.9354 00012  0.3502
0.980 0.8621  0.5522  0.6405  0.5251 1.3464 24381 09353  0.0005  0.3535
0.990  0.8597  0.5460 06351  0.5297  1.3467 24664  0.9351  0.0001  0.3567
1.000  0.8573  0.5398  0.6297  0.5343  1.3468 24949 09351 00000  0.3598
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1.010 0.8548 0.6337 0.6243 0.5389 1.3467 2.5234 0.9351 0.0001 0.3628
1.020 0.8524 0.5276 0.6189 0.5434 1.3464 2.5521 0.9352 0.0005 0.3658
1.030 0.8499 0.5215 0.6136 0.5479 1.3458 2.5809 0.9354 0.0011 0.3687
1.040 0.8474 0.5154 0.6082 0.5525 1.3450 2.6097 0.9356 0.0019 0.3715
1.050 0.8449 0.5093 0.6028 0.5569 1.3440 2.6387 0.9359 0.0029 0.3743
1.060 0.8424 0.5033 0.5975 0.5614 1.3428 2.6678 0.9363 0.0042 0.3769
1.070 0.8392 0.4974 0.5922 0.5659 1.3414 2.6970 0.9367 0.0056 0.3795
1.080 0.8374 0.4914 0.5869 0.5703 1.3397 2.7263 0.9371 0.0071 0.3820
1.080 0.8349 0.4855 0.5816 0.5747 1.3379 2.7557 0.9376 0.0089 0.3845
1.100 0.8323 0.4796 0.5763 0.5791 1.3359 2.7852 0.9381 0.0108 0.3868
1.110 0.8208 0.4738 0.5710 0.5835 1.3337 2.8148 0.9387 0.0128 0.3891
1.120 0.8272 0.4680 0.5658 0.5878 1.3313 2.8446 0.9394 0.0150 0.3913
1.130 0.8247 0.4622 0.5605 0.5922 1.3287 2.8744 0.9401 0.0173 0.3934
1.140 0.8221 0.4565 0.5553 0.5965 1.3259 2.9043 0.9408 0.0197 0.3954
1.150 0.8195 0.4508 0.5501 0.6008 1.3229 2.9344 0.9415 0.0223 0.3974
1.160 0.8170 0.4452 0.5449 0.6050 1.3198 2.9646 0.9424 0.0250 0.3993
1.170 0.8144 0.4396 0.5398 0.6093 1.3165 2.9949 0.9432 0.0277 0.4011
1.180 0.8118 0.4340 0.5347 0.6135 1.3131 3.0253 0.9441 0.0306 0.4028
1.190 0.8092 0.4285 0.5295 0.6177 1.3094 3.0558 0.9450 0.0335 0.4044
1.200 0.8066 0.4230 0.5245 0.6219 1.3057 3.0864 0.9459 0.0366 0.4060
1.210 0.8040 0.4176 0.5194 0.6261 1.3017 3.1172 0.9469 0.0397 0.4075
1.220 0.8014 0.4122 0.5143 0.6302 1.2976 3.1481 0.9479 0.0429 0.4089
1.230 0.7988 0.4068 0.5093 0.6344 1.2934 3.1791 0.9489 0.0462 0.4102
1.240 0.7962 0.4015 0.5043 0.6385 1.2890 3.2102 0.9500 0.0495 0.4115
1.250 0.7936 0.3963 0.4994 0.6426 1.2845 3.2414 0.9511 0.0529 0.4127
1.260 0.7909 0.3911 0.4944 0.6466 1.2798 3.2727 0.9522 0.0564 0.4138
1.270 0.7883 0.3859. 0.4895 0.6507 1.2751 3.3042 0.9533 0.0599 0.4148
1.280 0.7857 0.3808 0.4846 0.6547 1.2701 3.3358 0.9545 0.0634 0.4158
1.290 0.7830 0.3757 0.4798 0.6587 1.2651 3.3675 0.9557 0.0670 0.4167
1.300 0.7804 0.3706 0.4749 0.6627 1.2599 3.3993 0.9569 0.0707 0.41756
1.310 0.7778 0.3657 0.4701 0.6667 1.2547 3.4313 0.9581 0.0744 0.4182
1.320 0.7751 0.3607 0.4654 0.6706 1.2493 3.4633 0.9594 0.0781 0.4189
1.330 0.7725 0.3558 0.4606 0.6746 1.2438 3.4955 0.9606 0.0819 0.4195
1.340 0.7698 0.3510 0.4559 0.6785 1.2382 3.5279 0.9619 0.0857 0.4200
1.350 0.7672 0.3462 0.4512 0.6824 1.2326 3.5603 0.9632 0.0895 0.4205
1.360 0.7646 0.3414 0.4465 0.6862 1.2266 3.5929 0.9645 0.0934 0.4209
1.370 0.7619 0.3367 0.4419 0.6901 1.2207 3.6256 0.9659 0.0973 0.4212
1.380 0.7593 0.3320 0.4373 0.6939 1.2147 3.6584 0.9672 0.1012 0.4215
1.390 0.7566 0.3274 0.4328 0.6977 1.2086 3.6914 0.9686 0.1051 0.4216
1.400 0.7540 0.3229 0.4282 0.7015 1.2025 3.7245 0.9700 0.1091 0.4218
1.410 0.7513 0.3183 0.4237 0.7053 1.1962 3.7577 0.9714 0.1130 0.4218
1.420 0.7487 0.3139 0.4192 0.7090 1.1899 3.7910 0.9728 0.1170 0.4218
1.430 0.7460 0.3094 0.4148 0.7127 1.1835 3.8245 0.9742 0.1210 0.4217
1.440 0.7434 0.3051 0.4104 0.7164 1.1770 3.8581 0.9756 0.1250 0.4216
1.450 0.7407 0.3007 0.4060 0.7201 1.1704 3.8918 0.9771 0.1290 0.4214
1.460 0.7381 0.2965 0.4017 0.7238 1.1638 3.9257 0.9785 0.1331 0.4212
1.470 0.7354 0.2922 0.3974 0.7275 1.1571 3.9597 0.9800 0.1371 0.4209
1.480 0.7328 0.2880 0.3931 0.7311 1.1504 3.9938 0.9815 0.1411 0.4205
1.490 0.7301 0.2839 0.3888 0.7347 1.1435 4.0281 0.9829 0.1452 0.4201
1.500 0.7275 0.2798 0.3846 0.7383 1.1367 4.0625 0.9844 0.1492 0.4196
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1510 07248 02758  0.3804  0.7419  1.1298  4.0970  0.9859  0.1532  0.4191
1520 07222 02718 03763 07454 11228  4.1317 09874  0.1573  0.4185
1530 07195 02678 03722 07489  1.1158  4.1665 09889  0.1613  0.4178
1540 07169 02639  0.3681  0.7524  1.1087  4.2014  0.9905  0.1654  0.4171
1550 07143  0.2600  0.3641 07559  1,1016  4.2365 09920  0.1694  0.4164
1560 07116 02562  0.3600  0.7594  1.0945 42717 09935 01734  0.4156
1570 07090  0.2524  0.3561 07629  1.0873 43070 09950  0.1775  0.4147
1580 07064  0.2487 03521 07663  1.0801 43425 09966  0.1815  0.4138
1590 07038  0.2450 03482 07697 1.0720  4.3782 09981  0.1855  0.4129
1600 07011 02414 03443 07731  1.0656  4.4139 09997  0.1895  0.4119
1.610  0.6985  0.2378 03405 07765  1.0583  4.4498 10012 01935  0.4109
1620 06959 02343 03367 07799 10510 44859  1.0028 01975  0.4098
1630 06933 02308 03329 07832  1.0436  4.5220  1.0043 02015  0.4087
1640 06907 02273 03291 07865 1.0363 45584  1.0050  0.2055  0.4075
1650  0.6881  0.2239 03254 07898  1.0289 45948  1.0075 02094  0.4063
1660 06855 02206 03217 07981 10215 46314 10090 02134  0.4051
1670  0.6828 02172 03181 07964  1.0141  4.6682  1.0106 02173  0.4038
1.680  0.6803 02139 03145 07996  1.0066  4.7051  1.0122 02213  0.4025
1690  0.6777 02107 03109  0.8028 09992  4.7421  1.0137 02252  0.4011
1700 06751 02075 03074 08061 09918 47793  1.0153 02201  0.3997
1710 06726 02044 03039 08093 09843  4.8166  1.0169  0.2330  0.3983
1720 06700 02012 03004 08124 09769  4.8541  1.0184 02369  0.3968
1730  0.6674  0.1982 02069  0.8156  0.9694  4.8917  1.0200  0.2407  0.3953
1740 06649 01951 02935 0.8187 09620 49204 1.0216 02446  0.3938
1750  0.6623  0.1922 02001  0.8218 09545  4.9673  1.0232 02484  0.3922
1760  0.6597  0.1892  0.2868  0.8249 09471 50054  1.0247 02522  0.3906
1770 06572  0.1863  0.2835  0.8280  0.9396  5.0435  1.0263 02560  0.3890
1780  0.6546  0.1834 02802  0.8311 09322 50819  1.0279 02598  0.3874
1790 06521  0.1806 02770  0.8341 09248 51204  1.0294 02636  0.3857
1.800  0.6496  0.1778 02737  0.8372 09173 51500 10310 02673  0.3840
1.810 06471  0.4751 02706  0.8402 09099 51978  1.0326 02711  0.3822
1.820  0.6445  0.1723 02674  0.8432  0.9025 52367 1.0341 02748  0.3805
1.830  0.6420  0.1697 02643  0.8461  0.8951 52758  1.0357 02785  0.3787
1.840 06395 01670 02612 08491  0.8878 53150  1.0873 02822  0.3769
1.850 06370  0.1644 02581  0.8521  0.8804 53544  1.0388 02858  0.3751
1.860 06345  0.1619 02551  0.8550  0.8731 53939  1.0404 02895  0.3732
1.870 06320 0.593 02521  0.8579  0.8658 54336  1.0419 02931  0.3714
1.880 06205  0.1568 02491  0.8608  0.8585 54734  1.0435 02967  0.3695
1.890 06271  0.1544 02462 08636 0.8512 55134  1.0450 03003  0.3676
1900 06246 01520 02433  0.8665 0.8439 55535  1.0466 03039  0.3656
1910 06221 01496  0.2404  0.8693  0.8367 55938  1.0481 03074  0.3637
1920 06197  0.1472 02376 0.8722  0.8295 56342  1.0497 03110  0.3617
1930  0.6172 01449 02348 08750 0.8223 56748 10512 03145  0.3598
1940 06148  0.1426 02320 08778 08152 57155  1.0527 03180  0.3578
1950 06123  0.1404 02202  0.8805  0.8081 57564  1.0543 03215  0.3558
1960  0.6099  0.1382  0.2265 0.8833  0.8010 57974  1.0558 03249  0.3537
1970 06075 0.1360  0.2238  0.8860 07939 58386  1.0573 03284  0.3517
1980 06051 01338 02212 08888  0.7869  5.8800  1.0588  0.3318  0.3497
1.990  0.6026 0.1317  0.2185  0.8915  0.7799 59215 10603 03352  0.3476
2000 06002 01296 02159  0.8942 07729 59631 _ 1.0619 _ 0.3386 __ 0.3455
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