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EGT2
ENGINEERING TRIPOS PART IIA

Wednesday 3 May 2023  9.30 to 12.40

Module 3A3
FLUID MECHANICS 11

Answer not more than five 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.

Write your candidate number not your name on the cover sheet.

STATIONERY REQUIREMENTS
Write on single-sided paper.
Use the graph paper for Q3.

SPECIAL REQUIREMENTS TO BE SUPPLIED FOR THIS EXAM
CUED approved calculator allowed.

Attachments:

Compressible Flow Data Book (38 pages);

Engineering Data Book

10 minutes reading time is allowed for this paper at the start of
the exam.

You may not start to read the questions printed on the subsequent
pages of this question paper until instructed to do so.

You may not remove any stationery from the Examination Room.
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1 Figure 1 shows the position-time diagram for a piston impulsively started in an
open-ended tube. The air in the tube is initially at rest at an ambient temperature and
pressure of 288 K and 105 Pa respectively. Initially the piston is at rest. At time t = 0
the piston velocity rises instantaneously to 220 ms~!. The piston velocity then remains
constant.

(a) By using a frame of reference moving with the shock wave, express the ratio of
densities on either side of the shock as a function of the piston and shock velocities. [20%]

(b)  Using the result of part (a) and the normal shock tables, show that the velocity of
the shock is approximately 497 ms~!. Calculate the static temperature and pressure of the
air in region 1 (see Fig. 1). [40%]

(c) When the shock wave reaches the open end of the tube a left running expansion
wave is formed. Calculate the velocity and static temperature of the gas in region 2. You
may make use of the Riemann invariant for a left running wave:

2a

V+
|

where V and a represent the local flow and sound speed, respectively, and vy is the ratio of
specific heat capacities. [20%]

(d) Attime T the front of the expansion wave contacts the piston face. Calculate the
location of the piston in the tube, as a percentage of the tube length L, at time 7. [20%]
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2 The inlet of a convergent-divergent nozzle is connected to a large plenum of air at a
stagnation pressure pg. The nozzle exhausts to a second large plenum of pressure p.. The
stagnation pressure at the exit plane of the nozzle is pg,. The flow through the nozzle is
adiabatic and frictionless.

(a) Sketch the pressure distributions along the nozzle as p./pg is gradually reduced.
Explain how pg,./pq varies. If there is a 6.1% drop in stagnation pressure from nozzle
inlet to exit, find the area of the nozzle relative to the area of the throat at which the shock
is located. [40%]

(b) The ratio of the exit area to throat area of the nozzle is 1.2. The duct has the same
drop in stagnation pressure as specified in part (a). Calculate the Mach number at the exit
of the nozzle M, and the pressure ratio p./pg. [25%]

(c) The cross-sectional area of the divergent section of the nozzle varies linearly with
distance downstream of the throat. The pressure ratio p./pq calculated in part (b) is altered
so that the shock moves downstream by 20% of the length of the divergent section of the
duct. Calculate the percentage change in p./pq from that calculated in part (b). [35%]
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3 A lightweight supersonic jet aircraft is being developed to operate over a range
of Mach numbers, 1.40 < M < 1.80. Different designs of engine intake are under
consideration. The first, sketched in Fig. 2a, is a conventional external compression
design using a 9° wedge, designed such that the shock system is focused on the cowl lip
at M = 1.80. As the development progresses, performance at M = 1.40 becomes more
significant and it is proposed to replace the intake with a pitot type, sketched in Fig. 2b,
incorporating a splitter plate to isolate the intake from the fuselage boundary layer. By
removing the splitter plate, as sketched in Fig. 2c, it is found that the fuselage boundary
layer forms a smooth curved ramp ahead of the intake and the pressure recovery in the
lower half of the intake is improved compared with that of the design sketched in Fig. 2b.

(a) Draw carefully labelled sketches of the shock systems for all three intakes at
M = 1.40. [60%]

(b) Using increments of M = 0.1, plot the pressure recovery of the intake, sketched in
Fig. 2a, in terms of the ratio of stagnation pressure, over the range 1.40 < M < 1.80. Use
the graph paper provided [20%]

(c) Calculate the reduction in pressure recovery at M = 1.40 by changing from the
intake sketched in Fig. 2a to that in Fig. 2b. [10%]

(d) Calculate the percentage of the reduction in pressure recovery calculated in part (c)
regained by removing the splitter plate in the design sketched in Fig. 2c. Other than
differences in stagnation pressure, you may assume the flow into the intake is uniform.  [10%]
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Fig. 2: (Not to scale)
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4 An industrial air heater consists of a tube of constant cross-sectional area surrounded
by an electrical heating element. Air enters the tube at a temperature of 120°C with a
velocity of 150 ms~!. Heat is supplied at a rate of 400 kJ per kg of air flowing. The effects
of friction are negligible.

(a) Calculate the Mach number of the air at each end of the tube. [40%]

(b) Draw and label a T — s (temperature-entropy) diagram to illustrate the process.
Include the Rayleigh line on your diagram. [20%]

(c) The rate of heat addition is increased. Why is there a maximum rate of heat addition
that can be accepted before the inlet conditions to the tube are found to change? Determine
this maximum rate of heat addition. [40%0]
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5

Dry air enters a solid-walled channel at a supersonic Mach number, M = 2.40. The

channel contains a constriction, sketched in Fig. 3. The floor of the channel turns through

10° at point A and then by a further 6° at point B, as shown in the figure. At point C

the flow turns back to its original direction. There is a sharp corner of 16° at point D

followed by a smooth curve in the floor between points D and E that returns the channel

to its original direction. The flow in region 1 (upstream of A), region 2 (between points C

and D) and in region three (downstream of E) is parallel to the flat roof of the channel and

is uniform.

(a) Draw a carefully labelled sketch of the supersonic flow features in the channel. [40%]
(b) Calculate the Mach number in region 2. [10%]
(c) Calculate the static pressure in region 2 in terms of the incoming static pressure, py. [10%]
(d) Estimate the Mach number in region 3, stating your assumptions. [20%]
(e) Estimate the static pressure in region 3 in terms of the incoming static pressure, pq,

and briefly comment on your answer. [20%]

NG ¢ C ® D ¢

Fig. 3
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6 Water, with thermal diffusivity «, flows between two parallel flat plates of length L
and separated by a distance h. At steady state, the temperature is governed by

or _ (9T 9T
uax—a 92 6y2 .

The velocity in the x-direction, u, is uniform. The temperature distribution at the walls,
T(y = 0)and T(y = h), and the inlet temperature 7(x = 0) are specified.

(a) The temperature profile is to be determined numerically using a uniform grid with
spacing Ax and Ay. Show that using finite differences with second-order central difference
estimates for second derivatives and a first-order forward estimate for the first derivative
results in an update equation of the form,

Tl.jJrl = O'T;.]_‘H +(1-20 - 2)/)Tl.j + O'Tl.j_1 + yTl.jH + yTij_l )

where o and y are to be determined and (i, j) are integers that locate the grid point in the
y and x direction, respectively.

(b) With reference to the nature/classification of the governing PDE, and the required
boundary conditions, suggest why the problem is easier to solve numerically if thermal
conduction in the x-direction can be neglected.

(c) Neglecting conduction of heat in the x-direction:

(i) By considering a sawtooth perturbation of small amplitude € (the perturbation
varies grid-point to grid-point from +e€ to —e ) determine the maximum step size for
Ax for a stable, non-oscillatory, solution using Eq. 1.

(ii) The finite difference method is changed so that the approximation for the
second derivative at grid point (i, j) is evaluated at grid point (i, j + 1). Show that
the resulting update equation is stable for all possible values of Ax and comment on
the merits of using this rather unusual future estimate of the second derivative.
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7 (a) The spatial derivative of temperature, 7 /dx, is to be estimated with a finite

difference scheme.
(i)  For the central difference scheme

T _ Tj1 —Tj—
dx 2Ax

show that the leading order error term is O (sz).

(ii)  Using three equally-spaced grid points, find an expression for the highest order
forward difference estimate of 9T /0 x.

(b) An axial turbine has four stages with repeating mean-line velocity triangles. The
incoming swirl angle to the first stage is —30° in the absolute frame. The axial velocity
is constant at 200 ms ! , the flow coeflicient is 0.5 and the turning of the rotor row in the
relative frame is 110°. The combustion products have an isobaric specific heat capacity
cp=1.15kJ kg_1 and a ratio of specific heat capacities y = 1.333.

(i)  Draw the velocity triangles and calculate the swirl angles in both absolute and
relative frames. Calculate the work output of the entire machine per kg of air flowing

through it.

(ii)  If the stagnation temperature at inlet to the first row is 2000 K determine the
exit Mach number of the first stator row. Explain how the span of the turbine blades
must be varied through the machine to maintain the repeating stage condition. What
will be the effect of this span variation on the Mach number at the exit of the last

stator row?
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8 A single stage centrifugal compressor is used to draw air through a vacuum cleaner.
The meridional drawing is shown in Fig. 4 , indicating station numbers and dimensions.
Stations 1 and 2 are at inlet and exit of the rotor, stations 2 and 3 are at inlet and exit of a
vaneless diffuser through which moment of momentum is conserved.

(a) The power consumed by the compressor is 2 kW, the mass flow rate is 0.03 kgs_l,
the rotational speed is 90, 000 RPM and the total-total pressure ratio is 1.7. The stagnation
temperature at the inlet is 288 K, the density at the outlet is 1 kg m~3 and there is zero
inlet swirl. Calculate the:

(i) total-total isentropic efficiency
(ii) radial and tangential velocity components at machine exit
(iii) exit Mach number

(iv) total-static isentropic efficiency

(b)  Which type of efficiency is the most appropriate metric of performance in this
application and why?

(c) The turbomachinery design team propose two possible improvements to the design
to increase performance. Either the speed of the rotor can be increased to 120,000 RPM,
or vanes could be used in the diffuser to achieve an absolute exit yaw angle of 60°. By
assuming that the compressor operates at the same power and mass flow rate, determine
which of these two solutions is superior by comparing the exit velocities. Describe a
drawback to its implementation in this application. Assume that the density at the outlet
remains unchanged.
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PERFECT GAS RELATIONS
FOR COMPRESSIBLE FLOW

Ratios of stagnation to static quantities

-1
l:[1+7——1M2]
Ty 2

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

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

Mach number relations (see tables)
1
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ONE-DIMENSIONAL FLOW OF A PERFECT GAS

Isentropic flow
l{yﬂj
izi{ 2 (1+7—1M2j}2 y-1
y+1
Adiabatic constant area flow
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2

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

- characteristic

—u
Mach Number M= 4

1 1
Mach angle —sin"| —
g “ (Mj

-M
Prandtl-Meyer function V= M? - il
u

y = ’}/+1tan—1 —7—1(M2—1)—tan_1\/M2 —1  for a perfect gas
7/_

y+1

Calculations

Lattice Method Field (or wave) method
T

>

v3—63=vy—-0, along+u v3+603=v+6; across+u

v3+03=vi+6; along-u v3—03 =v2-0, across—u
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Linearised Method of Characteristics (thin film theory)

M Tu
Mo,
——p

|

across *y waves

Pressure coefficient ¢, = on upper/lower surface

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

y y=nx)
A
My
—+ o o™y
L
= -
Pressure coefficient ¢ p= P~ Po
1 2
Epoouoo

For geometrically similar bodies with % = f (%] and ¢, (M, =0)=c P05

=t in subsonic flow

€, € ——e in supersonic flow

d M2 -1
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Oblique Shock Relations (see tables)

2
22 1 2 (yf2 sin? p1)
y+1

pi
T — 2 - 2
2.7 12 — £1+7 lMlzsinzﬂ)(—7 Mlzsinz,b’—l]
h o (y+1)* M{sin®p 2 y~-1

Py _ _ (r+1M{sin® B

Pi 2 [1+7’—2l11\412 sin® ﬁ}

1
l+—7/2_1M12 sinzﬂ 2

My sin(—6)= —
yMlzsinz,B—yT
e
y+1. 2 .o y—1
——Mf sin” S =
P2 _|_ 2 [27 M2 sin? g2 1]1 ¥
y+1 y+1

Por 1+7/—2_—1M12 sinzﬂ

2cotﬂ(M12 sin® ﬂ—l)

tan@ =
(}/+1)M12 —2(M12 sinzﬂ—l)
50
[
45} Myl =N
\\\\
N \\‘
- \
40 ] \‘\\ \\\\
L
= ! AN
35| M= o NN 0=600
D | > W
() 30" | \\ \‘\
Q )
S M>1 | <
© 25t 2 ' M, 1‘\‘\\1\
C >~ A} |\“
o \ ~< v
3 20f I . v
g RN
B g5 ! \ R
O 3 2 A} -‘\\ \\ \“
4 “ T 0
10} - SNy
1 14 A ~~\ \\ Yy
\\ \\\\\\\\
5t Pt AR
0 ! O

0 10 20 30 40 50 60 70 80 90

Shock angle B
Page 6 of 38



GAS FLOW TABLES (y=1.400): SUBSONIC FLOW

M T_ £ P = m CpTO i CpTO “/; . 4CfLmax % sz
C —_— . . _—
0 Po Po ro Ap e, Ty D B

0010 10000 _ 09999 10000 00063  0.0221 00221 451813 71344056  0.0001
0.020 09999  0.9997 09998  0.0126 00443 00443 225994 1778.450  0.0003
0.030 09998  0.9994 09996  0.0190 00664  0.0664 150761 787.0814  0.0006
0.040 09997 09989 09992 00253 00885 00886 113173 440.3522  0.0011
0.050 09995 09983 09988 00316  0.1105 01107  9.0644  280.0203  0.0017
0.060 09993 09975 09982 00379  0.1325 01329  7.5645 193.0311  0.0025
0070 09990 09966 09976 00443  0.1545  0.1550  6.4947  140.6550  0.0034
0.080 09987 09955 09968 00506 01764 04772 56939 106.7182  0.0045
0.09 09984 09944 09960  0.0569  0.1983  0.1994 50723 834961  0.0056
0100 09980 09930 09950 00632 02200 02216 45762 66.9216  0.0070
0110 09976 09916 09940  0.0695 02417 02438 41714 546879  0.0084
0120 09971 09900 09928 00758 02633 02660  3.8350 454080  0.0100
0130 09966 09883 09916  0.0821 02849 02883 35513 382070  0.0117
0.140 09961 09864 09903 00884 03063 03105  3.3089 325113  0.0135
0150 09955 09844 09888 00947 03276  0.3328  3.0996  27.9320  0.0155
0160 09949 09823 09873  0.009 03488  0.3551 29172 241978  0.0176
0170 09943  0.9800 09857  0.1072 03699 03774 27569  21.1152  0.0198
0180 09936 09776 09840  0.1135  0.3908  0.3997  2.6151 185427  0.0222
0190 09928 09751 09822 01197 04116 04221 24889 163752  0.0246
0200 09921 09725 09803 01260 04323 04445 23758 145333  0.0272
0210 09913 09697 09783 01322 04528 04669 22740  12.9560  0.0299
0220 009904 009668 09762  0.1385 04731 04893 21820 115961  0.0328
0230 09895 09638 09740  0.447 04933 05118 20985 104161  0.0357
0.240 09886 009607 09718  0.1509  0.5133  0.5343 20225  9.3865  0.0367
0250 09877 09575 09694 01571 05332 05568 19530 84834  0.0419
0.260 09867 09541 09670  0.1633 05528 05794  1.8802  7.6876  0.0451
0270 09856 09506  0.9645  0.1695 05723  0.6020  1.8306  6.9832  0.0485
0280 09846  0.9470 09619 04757 05915  0.6246 17766  6.3572  0.0520
0290 09835 09433 09592  0.1819  0.6106  0.6473 17267 57989  0.0555
0.300  0.9823  0.9395 09564 01881 06295 0.6700  1.6805 52993  0.0592
0310  0.9811 09355 09535 01942 06481 06928  1.6377  4.8507  0.0629
0320 09799 09315 09506 02003  0.6666 07156  1.5978  4.4467  0.0668
0330 09787 09274 09476 02065  0.6848 07384 15608  4.0821  0.0707
0340  0.9774 09231 09445 02126 07027 07613 15262 37520  0.0747
0350 09761 09188 09413 02187 07205 07842 14939 34525  0.0788
0360 09747 09143 09380 02248 07380  0.8072  1.4637 31801  0.0829
0370 009733 09098 09347 02309 07553  0.8302 14354 29320  0.0872
0380 09719 09052 09313 02369 07723 08532  1.4090 27054  0.0915
0.390 09705 09004 09278 02430 07891 08763  1.3841 24983  0.0959
0400 09690  0.8956 09243 02490 08056  0.8995  1.3608 23085  0.1003
0410 09675  0.8907 09207 02551  0.8219 09227  1.3388 21344  0.1048
0420 09659  0.8857 09170 02611  0.8379 09460  1.3182 19744  0.1094
0430 09643  0.8807 09132 02671  0.8536 09693  1.2988  1.8272  0.1140
0.440 09627 08755 09094 02730  0.8691 09927 12804 16915  0.1186
0.450  0.9611  0.8703 09055 02790  0.8843  1.0161 12632 15664  0.1234
0460 09594  0.8650 09016 02850  0.8992  1.0396  1.2469 14509  0.1281
0.470 09577  0.8596  0.8976 02909 09138  1.0631 12315  1.3441  0.1329
0.480 09559  0.8541 08935  0.2968 09282  1.0867  1.2170  1.2453  0.1378
0490 09542 08486  0.8894 03027 09423 11104 12033 11539  0.1426
0500 09524  0.8430  0.8852  0.3086 _ 0.9561  1.1341 11903  1.0691  0.1475
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y=1.400

V .
v L o p — el meplo F Aerbma Ly
C = A 5
To Po Po Cplo i Ap  fe,ly D e

0.510 0.9506 0.8374 0.8809 0.3145 0.9696 1.1579 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 0.1925
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 1.5233 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 1.1544 1.5733 1.0471 0.2498 0.2375
0.690 0.9131 0.7274 0.7966 0.4170 1.1626 1.5984 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 0.7557 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 1.2551 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 21204 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 21748 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 22848 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

Page 8 of 38




8¢ JO 6 93eq

0sz'L €8y ¥BSLL  89GGC  €9G9°L  1/860  9¢L80 €20  98¥00  GG00L  ODZLE  8e2Z b 10B90 29050 1980  6F9L0  0SZL
ovz'L LSV LESVL  €9ZST 229l ¥886'0 €810 LLZYO  SSPO0  SYOO'L  SEL'E  6/2C)  8G89'0  SHIS0  ZHBE0  8Y9L0  ObTL
0£T'L €'y 89vL'L  L9BYZ  vBESL 96860  LbZ8'0  86LY0  PZYO0  YEOO'L  SZOL'E  6LEZL 91890  9LG0  P9GE0 22920  OSTh
ezl 90%  SOVL'L  €99YZ  8695L L0660  00E80  S8LYO  YBEO0 Y200l ¥OL0'C  8S€ZL €490  €12§°0  LL0¥0 9020 0221
ozl g€ EYELL  L9E¥T  SIWSL 81660 0980 LZLYO  S9E00  PLOO'L  SSPO'E  96€Z°L  0E9'0 29250 0000 SELL0  0LZh
00zZ't 95t 08ZVL  SL0¥T  EELSL  8ZE6'0  2ZZv8'0  ISLYO0  9EE00  ¥000'L  IVLO'S  ZEWZTL  2899°0  LI€S0  ¥ZLWO  $920  00Z'L
0611 Lg'e L1elL 98.€C ge8y'L 1£66°0 g8¥80 24840 60€0°0 G666°0 0186C 99yl ¥¥99°0 19€9°0 81110 £€624°0 06171
8Ll L0€ ¥SLLL 00SET  8ISYL  9¥BE0  6vS80  SZLYO L8200 98660  ¥ES6'T  00SZ'L 00990  LLVSO  ZEZKO 22820  08LE
0411 p8'Z  Z60VL  LLZEZT  YOSY'L  €S66'0  GL980  BOLYO G520 8/66°0  0SZ6T  LESZTL  9SG9°0  L9YS0  28Z¥0 LS80  OLL'L
0911 19z 620LL  L€6ZT  ZEOV'L 1966’0 2898’0  060K'0  OSZO0  6966'0  L269'C  29GZ'h  CLG90  LISG0  E€¥EF0 62820  09L°L
0sLL 867 9960°L  199ZC €946k L9660 0S80 ZLOVO  SO0ZO0 L9660 9298'C  06SZ'L  89Y9'0 29SS0 8BEFO 8060  OSL'L
orL'L 9L’z €0B0°L  88ETT  SBYEL €660 088’0  ZSOP0  28LO'0  PSE6'0  S2€9T  8l9Z'L  €2v90  ZL9S0  SSYPO  ZEBLG  ObLL
0EL'L ¥e'L  OvBO'L  8LIZT  1€2€L 8660 26880  ZEOPO  6SLO0 VB0 9208'C  £¥9ZL 61690  €995°0  LIGFO 99620  OEL'L
0zL'L b2L 9LL0°L  1S8L'Z  896TL 28660  9968°0  LLOY'O  8ELO0  OVBE'0  82LLT 1992}  €€€9'0  PLIG0  89SY'0 Y660 OTL'L
oLL'L €6 €LL07L  88SLT  804Z'L 98660  LYO60 0660  8LLO0  VEGE'0  2EvLT  699Z°L 88290  99/S0  9Z9¥0  €208°0  OLL'L
00L'L 120" 6¥90°L 8¢eLe osve'L 68660 8116°0 196€°0 660070 8266'0 9eLLe 6042t £€v29°0 11850 ¥891°0 2s08°0 00L°L
060'} SL'L 98G0°L  ZL0L'Z  SBLEh 26660 96L6'0  YPEE0 28000 22660  Z¥8YT  82/Zh  [6L90 69860  ZvLYO 08080  060°h
080'L L6'0  TTSO'L  BLBOT  L6LL  ¥666'0  L/Z60  6L6E0 99000  LLB6'0  6PS9T  S¥/ZL  LGL90 02650  008Y'0  SOLSO 080}
040'L 080 8S¥0'L  0/G0Z  169L'L 96660 0960 G680  LS000  E€L66'0  8SZ9T  09/ZF  POLO0 2650  098Y°0  LSL80  00°)
090'L v90 68070  GZE0T  Trl'L 86660  YYYE'0  698E0 8000 60660  L96§C  €L/ZL  8S09°0 2090  6L6YO  S9L80  090°)
080°) 6¥0  8ZE0°L €800  96LL'L  B6E60  LESE0  ZYBE0  LZ000  SOB6'0  8/9ST  $8IZL  LLO90 2090  6/6V'0  €6L8°0  0SO'L
0vo'L SE'0 £920°L  v¥86'L  ZSEO'L 66660 0Z960  SIBE0  8LO00  €066'0 OBESZ  €6/2h  +96G0  6ZLO0 65080 22280  OvO'L
0€0’} €20 8610°L 0196°L LL20'L 0000°L [AFARY] 18.€°0 01000 00660 £015¢C 108¢2°} L1650 18L9°0 66080 05280 0€0°L
0Z0'L €0 ZEWOL 686V LLVO'L 0000k  SO86'0  8SLE0  SO000 66860  LI8YZ  908Zh 69860  ¥EZ90  09LS'0 8280  0Z0h
0L0'L PO'0 9900k 2SL6'L  SE20'L 0000+ 10660  8Z/E0 L0000 86860  2ES¥'Z  608ZL  bZ8S0 /8290  LZZS0 90§80  OLO'L
U Y OQ;
W A z nu V(@ % sw —= _d orfofu  dy 0dy 0795 0o 0d 0r e
°L o &y S0y 495 afoy A 0pdoMy 0pdsMy a J d I

5T
P

Ye
%o>>

O7d JINOS¥3dNS :(00¥'L=4) S319VL MOTd SVO




8¢ J0 0T 93eg

005 V6L c0zel  Selve  €8SvC 86260  LWOLO  062r0  FOEL0  GLEOF  €866€  1680L  88L0  0S6€0  ¥elz0 16890  005T
08vL  L9'LL  9ELE’L  9SIE'C  SEEY'T  62€60  LPOLO  S6ZYO  PZELO GOS0l E96E  $SE0'L  Z¥BLO  JE6E0  ¥9.Z0 2690  06hL
08¥’L  ZE'LL  690EL  ZBEEE 8867  09E6'0 €800  662v0  882L'0  LGEOL  [8ZE6E  OLOML  SOBLO  ZEOY'0  +08TO G690 08Vl
O/ 2Okl €00€h  LIOE'S  YKSET  06E60  0ZLLO  SOSVO  LSZHO  LSE0'L  ZYBG'E  LL0VF 6900  vlOY0  SYBZ0 78690 0L
09v'L  €40L  8€6ZL  €¥9Z€  20ZET  0ZY6'0  [SLLO  90EKO  GIZL0  €280°h  86S8'E  8ELM'L  ZELL0  OLY0 98820  LIOLO  09%)
0S¥’ 0L TLBZL  8IZZTE  €98TT  SYYE'0 9610  S0EVO  8LLL0  BOE0L  SSZ8'E  86LLL  YBOLO  8SLY0 260 OKOLO  OSY'l
OvP'L  GLOL  L08ZL  GIBL'E  SSTT  9V60  SEZL0  OLEVO  Zvhl0 G620k PMBLE  8SZHL  ZSOL0  LOZK'O 6960  690L0  Ovhl
0S¥l 986 LpZL  SSS'E  IBIZT  Y0S60 /200 LIEY0  90LLO 1820 WISLE  LVEML  6L9L0  bkey'0  ZWOS0 1600 OEv')
0Zv'L  4S6  9/9Z'L  86LL'E  838L'T  LESE'0  FLELOD  ZLEKO  690L0 1920k  9€ZLE  S/EML  18SLO  82v0  SSOE0  9ZLLO  0Zvh
Obv'L 826  TI9ZL  YYBOE  8ZGLT  /SS6'0  GSEL0  ZLEVO  €EOLO  €620°h  6689'E  ESML'L  EVSLO  OESKO  860E0  SSLLO0  OMbL
00v'L 668 LVSZTL  TBYO'E  00Zk'T  Z8SE'0  L6EL0  LLEYO /6600  ObZOh  €9S9C  O06vL'L  SOSLO  WISKO  ZWLED  YBILLO  00VL
06€'L 08  BYTL  PYLOE  §/80T L0960  OVPZO  OLEYO  Z9600  92Z0'h  62Z9C  OVSL'L  99KL0  BLYK0 /8IS0 E12L0  06E
08¢k 18 8Tl 8667 18507  0£960  £8¥0  S0EVO 92600  €LZ0'h  [6BSE  L0OLL  [Z6LO  €9VV0  ZEZE0  Zvel0  08E'
01 eV ¥SEZL  GSYBZ 120 €SO0 LZSL0  Q0EKO 06800  00Z0'h  99SG'E  9S9LL  88EL0  80SY'0  L/ZE€0  LIZLO  0LS
09€L  v8'L  08ZZL  SLIET  ZI66L 91960  2/SL0  £OEVO  SSB00  L8L0h  9EZS'E  OMLLL  6VELO  €SG¥'0  €26€0 0060 09€')
0SE'L  9SL  9zeTL  8L/8T  9BSEL L6960  BL9L0  66ZK0 02800  pLLOL  L06Y'E  €9LL'L  60EL0  96GK'0 OSSO 6ZEL0  0SE'L
OVE'L  8TL  TOLTL  PPYBZ 2826 BLIE0  $A9L0  ¥BZKO G800  L9LO'L  IBSK'E  SISL'L  0L2L0  KOY0  LIVE0  8SEL0  OvE'l
0SE'L 00,  660Z'L  TLLBZT  LL68L  BEL6'0  TLLLO 6820 0500  6vLOL  SSZY'E  998L°L 6220  069Y'0  VOPE'D  J8EL0  OSE'L
0z€L  2L9  GE0TL  YBLLT  1998L  8G/6'0  09L0 €920 91200  9ELDh  LEBEE  9L6L'L  68LL0  9ELV0  ZISED  9WI0  0Z8)
OLEL  PP'9 ZLELL 6SPLT  GSE8L  9LL60 60820  L/Zv0 28900  ZLOL  B09E'E  S96L'L  6VLLO  ZBLKO  09SE'0  SYPLO 0Ll
00E'L L9 60BL'L  9ELLT  0SO8L Y660 09840 OO0 8¥90°0  ZHO  [8ZE'€  vLOZL  8OML0  628¥°0 60980  bIVIO  00C'L
062 06'S  9vBL'L  9I89T  8vLL  LI8E0  LL6L0  29Zr0  GL900  00LO'  [96Z'€  LO0Z'L  J90L0  9/8V°0  8S9E0  €0SL0  06Z)
082L €95 €8L'L  00S9C  8ybLL /2860 €960  £SZKO 285000 6800  8YOZE  LOMZ'h  OZ0L0  €26V°0  BOIE0  ZESL0  08zL
0Z%  9E'S  0ZbL 98L9T  LSLLL ZveE0 94080  bKZrO  6¥G00  LJ00h  LEEZTE  ZSLZ'h  PEEY0  LI6V0  6S/E'0  L9SL0 0zl
092 B0S  sS9V'L GBS  GS89'L 9860 L/080  £E2¥0  /1S00 9900k  SMOZ'E  S6LZL  €BY0  6L0S0  60SE0  O0BSLO 09zl
0d
W 7 I d d 07 sw —F  d o&mu\{\ dy 0y 079 Mooy 0d 07
9 7 Yy AT ey, A yhofu by — - 7 @ 1

001" T=A




8¢ JO 171 98eg

0SL  ig6h  9vevL  cchyy  €90vE  Ope80 18290  9Z0r0 06220  6VIOF 16167 66260 9180  6C0E0 82810 20290  OSL}
OvLL 868l €/8VL  686EF  SSOE'E  68L8'0  SOEQ0  LYOPO  9LZZ0  vEL0h  v088'F L0860 8980  290E0  LOBL'O 62290 QWL
084k 698l 008l LPSEY  ISZE'E  LEYE'0  O0SE90  9S0V0  28LZ0  6LLOL  8L¥@F  PIEEO 5980 G600 95610 95290 OSL'L
0zLh  O¥8L  [TiFL  BOLEY  BYBZE  pI¥80  SSEY0  LLOVO  piZ0  S0L0L  GE08F  ZyPB0 22980  6ZLE0 99610  £9290 02l
ObLL  OV8  GS9PL  ZL9TY  8YYTE  9LS80  08€90  S8OP0  ELLZ0  6890°L  2S9L%  60S6°0  L6S80  E9LED  966L°0  OKEQD 0Ll
004 8Ll €8SYL 82TV  0S0T€ LSS0 SOV0  860VO 8020 9L ClZLy  LIS60 69580 [GLED 92020  LE€90 00
069'h  ZGLL  ZSYL  L08LY  SSOL'E 66980 LEYO0  TLLYO  €40Z0  0990°h  2689F  PY960 /2680  ZEZED  [SOT0  9E90 069’
089'h  ZZLL  OwbyL  BLELY  L9ZL'E  6£98'0  8S¥90  SZLYO  800Z0  SKAOh  GIG9T  ZLZ60  S6Y8'0  99ZE0  880C0  Z6E90 089’
0/9'v €69k 69EYL  €S60  L/BO'E 08980  GBY9'0  SELYO €610  O0E90L  6EL9F  6LL60  Z9V80  ZOSE0  6LIT0  6Lb90 0.9}
099'h  €9'9L  66ZY’L  LESOP  Z8YO'E  0TL80  CLG90  OSLYO  8E6L0  SI90L  G9/GF  9¥8E'0  OEYB0  LEEE0  ISIZ0 P90 099')
0S9°'h  PE9L  8ZzPL  OLLOY  9600°C  09/8'0  ObSI0  29LY0 206’0 0090L  26ESF  €166'0 L6680 LSS0 $8LZ0  SLPOO  0SQ'L
0Y9L  $09L  8SLYL  E696'C  ZLL6T  66/8'0  89S9°0  pZLYO  [98L°0  S8S0'L  0Z0SF 08660  ¥9E80  BOPEO  LLZZ0  Z0S90  ObO'l
0S9L GG 880Y'L  B/Z6'E  LEE6T  8€8B'0 96690  S8LYO  LESL'0  OS0L  LS9Y'P  Z¥00'L  LEEB0  9¥PED  0SZZ0 0SS0 OEQ'l
0z9L  G¥'Sk  8lOVL  9988'€  LS68T  L/88'0  S299°0  96LY0  GBLL'0  GSG0'L  282hF  YLLO'L /6280  E8PE0  $8ZC0 89590 029
09 9L'SL  6YEEL  9SY8'C  S/S8T  SL68'0  §S990  90ZK0  09LL0  LpSOL  OL6ET  08LO'L  €928°0  OZSE0  BLEZO 98590 0L’
009'h 98l  088€’L  0S08'C 00287  ¢S680  ¥B990  9LZK0  b2LL’0  92S0L  LSSE  O¥Z0'L  0€Z80  [SSE0  €SET0  PL990 009’
065L 99l LIBEL  9YOL€ 8287  6968'0  SL/90  9ZZr'0 88910 LIGOL  /8IE'F  TIEOL  G6L8'0  SBSE0  88ET0  Zv990  06Gh
08S'L LTVl TWIEL  vbELE  8SHLT 92060 9pI90  SEZYO  LS9L'0  96Y0'L  GZ8ZF  8LE0'L  LOKSD  EE9S0  £2v0  0/990  08S')
0/§v  L6'€L  PI9EL  9Y89'E  LBOLZT 29060  LLL9°0  €ver'0  GLOL0  8POL  ¥OVZF  €vO'L 9248’0 ZI9E0  6SKCT0 86990 057
095'L  89€L  909€'L  0SYYC  GZI9T L6060 60890 2SO 6/5L0  L9v0L  GOLZ®  80SO'h 26080 OISO  96v20 9290  09S')
0S§'h  8E'EL  8ESEL  LS09C  €989T  ZEL60  LYBYO  6SZTHO  €¥GL'0  ZSYO'L  SWLL'Y  €/S0°L  IS080  OSLE0  €6ST0  vS/90 065l
OvS'L  60EL  OLVE'L  L99F'€  Z009T 99160 /890  992r0  90GL'0  LEY0'L  26EL  8E90'L 200 68/E0  0/ST0 €890  OVS'
085'L  6LZL  €OVE'L  BLZSC  YY9GT 00260 L0690  £L2v0  OLvL'0  €ZrO'L  /SO0MP  2OLO'h  986L°0 62850  809T°0  LI8B90  OESh
025'L  6YZL  9EEEL  v68Y'S  882ST  €€Z60 VY690  6/2r0  €EVL0  8OKO'L  ¥890F  S9L0'L  0S6L0  698E0  9¥9T0  OvBY0  0ZS'
06’y 0Z2L  692€L  ZISY'E GE6FZ 99260  9/69°0  S8ZY0  L6EL'0  YBEQ'L  €EE0F  6280°h  VLELO 6060  S89Z0 89890  OLGL
0d
W A I d d 07 S e a o&m.o?.: dy 0dy o&uo 54 od 0r 7
L 9 9 Yy e D i A A

00t T=A




8¢ Jo 71 98eg

0002 8€'92 G/89°L P0¥9°S 0005t 602.°0 ¥2.9°0 6.GE°0 0S0€0 clLL) 16€6°S L6520 82+¥6°0 00€Z°0 8.CL°0 99G659°0 000°C
066°L 0L'9¢ 76191 688°S cesr'y g6clL'0 16480 86S€°0 020€0 86011 6968°'G G669.°0 20v6°0 92e2°0 86210 0855°0 066°L
086°L £8'G¢C €1L9°L 98€S°'S 120V Y c0EL0 808S°0 819¢€°0 06620 7801} creg’s 81220 G.€6°0 ¢seco gLEL0 S095°0 086°}
0467} Ggg'se €€99°L L88Y'S LL9e'y 6¥€L°0 928S0 8€9€°0 09620 690L°L 81186 28110 6¥£6°0 8.€2°0 6EEL0 0€95°0 0.6}
096'L YXATA €669 8LEV'S esLey G6€L°0 ¥¥8S°0 189¢°0 62620 GSoL') G69.°G 9%8.°0 cces’0 So0PZ0 09€L"0 G89S°0 096°%
0S6°} 66'tC €LP9°L 818€°G 969¢'y [A27ZN0) 29850 129¢€°0 66820 OL°L €Lel’S LI64°0 G6¢6°0 [A% 74 18€L°0 0895°0 0S6°}
0v6'L WA 74 P8EIL 18€L'S ey 88¥.°0 088S°0 969¢°0 89820 12011 £689'G 9/6.°0 89¢6°0 6SvZ’0 €0¥L0 S0.S°0 ov6°L
0g6’L £v've PLES ) 988¢C°S L6LL'Y GEGL0 66850 SL.€0 LEBZ0 cloL'L GEYO'S 1+08°0 0¥26°0 98v2'0 azrL’o 1€45°0 0€6°L
o 4" SL've 9€29’L P6ET'S LPEL'Y 18GL°0 81650 vELEQ 90820 8660°L 6109°G 90180 €126°0 1820 VA4 420 96.9°0 0ce6’L
0L6°) 18°€C 1519°) S06L'S S680°F 129.°0 1£6S°0 €GLE°0 GL.2°0 860} ¥095°S L2180 S8L6°0 Zvseo 0ivL0 28.S°0 016’}
006’ 65°€C 6£09°L 8lvL'S oS0’y 7L9.°0 96650 1,2€°0 €v.20 6960°L L61LS°S 1£28°0 18160 04520 [4514 %] 10850 006°L
068°L 0g'ee 10091 yE60°'S 8000 02..L0 9.6S°0 06.€°0 [AYXAN) GS60°L 08.¥'S 20€8°0 62160 86SC°0 91610 €€85°0 068"}
088°} c0'ee $26SL Zsv0's 8996°¢ §9..°0 96650 808E0 089¢°0 0¥60°L 0.EV'G 89€8°0 10160 12920 6€SL°0 6985°0 088’1
048°L [WAAA LY8S°L £L66'v LELE'E 118270 91090 9Z8¢e’0 89920 9z60°} 296€°S SEY8'0 ¢.06°0 95920 €9GL°0 $885°0 048°L
088°L Sv'2e 04281 16V6'v G698°¢ 188.°0 9€09°0 ¥¥8€°0 91920 L6071 GGee'S 10580 ¥¥06°0 9892°0 18G1°0 01650 098"}
0S8°L gl'ce £695°L €206y £928°'¢ 20640 15090 298¢0 £8G62°0 9680°L 0slLe's 89G68°0 SL06°0 SL12°0 ZloL’0 9€6S°0 0s8°L
ovg’L 88'Le L199°L 2688t cEBLE 8¥6.°0 8.09°0 6.8¢€°0 [Reicra] 28801 JATRA ¥€98°0 98680 Sv.i20 1891L°0 £96S°0 0oy8’L
0€8°L 6S°LC PSS 7808 PovLie £€66.°0 66090 L68€°0 81620 2980°L SPET'S 10480 15680 9,120 29910 68650 0e8’t
0cg’ L og’Lec 99%6’L 819l 8169 8€08°0 12L90 P1BE0 S8vC 0 2880°L S¥6L'S 89/8°0 12680 90820 8891°0 G1L09°0 0ze’t
oL8’L 10'Le LBES"L SGILY GGGo'E 28080 €vL9°0 L€6E°0 csve o 8€80°L L¥SL'S Ge88’0 8688°0 1£82°0 1274%1] 1+09°0 018}
008'L €.°0C 9lES’L 8699t €eL9’e 12180 69190 LP6E0 6120 €280°L 0SLL'S 20680 8988°0 8982°0 o¥.L0 8909°0 008°L
0641 ¥¥'0Z Lves't JANACE4 o] WA 12180 88190 ¥96€°0 g8€C'0 8080°L GGL0'G 0.68°0 8€88°0 00620 19110 S609°0 06.1°1
0841 SL'0C l9LS°L C¢8LS'Y 86¢S°¢ S128'0 01290 086¢°0 [4°1 %Al £€6.0°L 29e0'S L€06°0 80880 1€62°0 ¥6LL°0 12190 08Lt
0LL°) 98'61 £60S° ) 0gES'y ¥88Y°'¢ 65280 €290 966¢£°0 81€2°0 6440} 0466'% 7016°0 11180 79620 cZ8L’0 8¥19°0 0.7}
09.°L 99'61 61L0S°L 088v'v [FA4A> c0€e80 18290 LLOY'0 ¥8¢¢°0 ¥9.0°) 08S6°% ¢LL6°0 L¥.8°0 966¢2°0 0581°0 G/19°0 09274
0d
W A z d d 07 Ssw ——= _ a o&&\:.: dy 0dy o&nu\( 0d 0d 07
h..N hOnN wm wom N\?\ 1 KNE‘N..\.D.V K OerU w o..NQU w Y Mn l&l M n

00% 1=A




8¢ JO €1 a8eg

0se'e coee vL06°L 8L00°L 96€L°S GG09'0 90¥S0 Go0€0 8€.€°0 arvlL'lL 9690°L 01190 LE00'} OoviL0 §980°0 696%°0 0se’e
ovee 9.'¢¢ ¥c68°L 44N 289G 0090 8L¥S0 G80E0 ¢LLED yevit G8l0'L §919°0 6000°1 09410 87800 166¥°0 ovee
oeee LG'¢e GEBY'|L 69889 LGE9'S SvL9°0 LEYS0 901€0 £89€°0 Ll G169 1¢29°0 9866°0 08410 2¢680°0 1050 ogee
0cee S¢ee 9vi8°1L 86¢8'9 LE€8G'S 1619°0 l22€8Y 12ie0 199€°0 80%L°1L 8126’9 L4290 ¥966°0 00810 90600 9050 0cee
oLece 66'LE £2G98°1 0€LL9 SLes's 9€C9'0 LS¥S°0 8vLE0 GE9E0 geeEL’L 8189 €€€9°0 L¥66°0 02810 12600 65050 olee
goce €L'E 6958} S912°9 008%'S 18290 LLYS0 691€°0 609¢°0 415" 81€8'9 68€9°0 81660 1¥81°0 S€60°0 180S0 o0oce
06L¢C FAAS L8¥8°L 2099’9 88CY'S 12€9°0 y8¥S0 681€°0 £€8G€°0 69¢€L°L G88.°9 9y9°0 §686°0 19810 0S60°0 $0LS0 0612
0o8L'c Lg'LE €6E8°1L 09’9 8L.LE°S €2€9°0 86150 0Leeo 966€0 9GEL} S6€.L'9 €059°0 21860 288l0 5960°0 12150 (0}:] 4
04L°¢C S6°0€ 90€8°t ¥8¥S'9 LLCE'S 61¥9°0 L1650 LECE0 0€SE0 EVEL’L 9€69'9 19G9°0 6¥86°0 €061°0 0860°0 05150 0.1°¢C
09L'¢ 69°0€ 6L28’L 6¢6¥'9 §9/2°'S ¥9¥9°0 G2sso [ATANY] €0GE0 ogel’L 8.¥9'9 61990 G¢86'0 §261L°0 9660°0 €150 09l¢c
0sLe £¥'0€ ceLs’t LIEV'Y €9¢C’S L169°0 0¥SS0 2.ee0 9L¥E0 LiELL £209°9 42990 20860 9r61°0 LLoL’0 96150 0S1°¢
ovLe 9L°0¢ 908’1 128¢€'9 2¢9/L'S 18590 $SSS0 €6¢€0 6vPe0 €0EL’L 69659 9€29°0 81160 8961°0 22010 612s0 orle
017 06%6C  096/L  OBZE'9  YOZL'S  £099°0  89SS0 YISO  TZ¥E0 062Kl ALIG9  S6/9°0  YGL60  OB6LO  £rOLO  £4ZS0  0SLT
ocL'e £9'6¢ S/8L°) §€L¢9 8920°S 67990 £€855°0 PEEE0 ¥6ee0 921’1 299%'9 6890 0€46°0 €102°0 09040 99250 0cie
otLe 9g'6¢ 68.LL°L €629 G/20°'S 96990 86550 §GEE0 99¢€€°0 £9¢L’L 5124 4] 1690 90.6°0 S€0C°0 11010 06250 otLe
00L¢ 0lL'6C G0LL) vS9L°9 €8.6'% ¢vl90 €195°0 92€€°0 6€EE0 0scL’L ¢l1€9 1690 1896°0 86020 ¥601°0 €LES0 ool'e
060°¢ £€8'8¢ 0cos'L LLLL9 §G6c6'v 68290 82950 96€€°0 oieeo 9eCL’L 9¢ee’9 €040 £S96°0 1802°0 LLLLO LE€S0 060°C
0807 9582  96S/L  €8S09  B0BY'Y  SE8Y0  €YOS0  LLYE0 28260  2ZgL €889 G600 26950  HOLZO  SZLL0  L9ES0 0807
0.0°¢ 6¢'8¢ 417" LG00'9 yees'y 28890 65950 LEVEQ ¥52e0 60CL’L 274 96120 £096°0 8cieo L0 G8€S°0 0L0C
090°¢ c0'8e 69€L’L €¢66°S cr8LY 8¢69°0 §299°0 8SPE0 Ggeeeo SeLLTL 10029 VAYARY 28560 ¢S1e0 Y9110 60¥5°0 090°¢
0s0°¢ SL'/2 §8¢l’L 9668°S €9ELY §169°0 16950 81¥€°0 L6LE0 18LL°L €9G1°9 612¢L°0 18560 912’0 28LLo0 E€EYS0 0s0¢
ov0'C 8¥°LC €02} €L¥8°S G889'Y 22040 20450 86¥E°0 891€°0 29117 92119 0veL’0 1€G6°0 00¢c'0 10210 8G¥5°0 0¥0'¢
0€0¢C 0c¢'Le (47 (A7) 3% h4 69020 €¢LS°0 816€°0 8ELE0 paLLoL 26909 €0vL°0 90S6°0 TA4AY 0221’0 28ys0 0€0'¢
0c0¢C £6'9¢C 8€04°) EEVL'S €65V SLLLO 0v.5°0 6€5€°0 60L€°0 049" 85209 S9vL0 08¥6°0 0522’0 6€21°0 90650 0c0¢
0L0¢C 99'9¢ 9669°L 8169'G 89¥Sv 29120 PASYARY] 6GSE0 080€°0 9L’ 1286°S 8¢S.L°0 ¥5v6°0 52220 85210 LESS0 oloe
0d
W P I d d G sy — a  UPfw @y gy N o o 0 o
z o d S0z AT wurloy A 0oy 0pdoh A g d I
—_—

00t T=A




8¢ Jo {1 93eg

0062 Zl'6e SLELC 19¢S'8 [0}¢TARYA 066¥°0 0€LS0 19SZ°0 0cero Ll ) 010€'8 8G8Y°0 LSO L LIELO 68600 \244AY 00S¢
06Y°C 68'8¢€ 9/¢l¢ 029’8 8990°L 0€0S0 ovLlso 08520 86¢Y0 veLL'L I ZA ¥061°0 2cs0’) ZeeLo #6500 1Ciad)] 06v'C
08¢ 99'g¢e 8.LL°C Z86E'8 8800°L }£0S°0 6¥1S°0 66520 L2%'0 €L 08618 08610 €050} 9veEL0 $090°0 ¥8Y¥°0 08¥'¢
0Ly'C A& 080L°¢C 9YEE'8 1156°9 LLIS0 6S1S°0 61920 SSer0 cLLL'L 89%1'8 966%°0 ¥810° | 29eL’0 €190°0 y0Sv°0 (VA4
09¥%'C 81°8¢ 28602 €128 GEBY'9 Z51S0 691S°0 6€9C°0 €eeyo 0041} 8560°8 €¥0S°0 sovo’ L L.€V°0 €290°0 A4 osy'e
0Sv'e G6'.LE S880°¢C £80¢C'8 £9€8'9 €619°0 64150 85920 ey o 689171 0S%0'8 06050 ory0’L Z6E1°0 £€90°0 a0 [019)r4
(Vi WAV 88.0°C Ssvi'8 26119 TS0 68150 8/92°0 681L¥°0 19171 £y66°L LE1S°0 9cyo’lL 80%L°0 €¥9070 ga9st’0 (V24
0EY'e JAAVAS 1690°¢C 0€£80'8 ¥¢el'9 92250 00cs0 8692°0 1910 G99l 8EV6'L G81G'0 10v0°L verLo €690°0 g8st'o ocy'e
0cve INAPRS G660°¢C 2020'8 85999 LLESO 012¢s0 81420 44540 121" GE68°L £€2S°0 18€0°) 6erLo €990°0 909%°0 ocy'e
oLv'e 66°9¢ 66%¥0°C 1866°L 66099 66€S0 12250 8€.C°0 [#A%A] croL’L YEYS'L 28280 19€0°L asvL'0 €900 929v'0 [¢]R -4
00¥'2 G1.°9¢ eovo'e 6968°L €€6S°9 LO¥S0 LECS0 8G/C°0 660%°0 0egL’} GE6L’L LEES0 Lye0’L (744 %1] #8900 Lyav'o (0104
06€C 06'9¢ 80€0°¢C y38e8’L S.6¥'9 422N cveso 8120 9.0¥'0 81911 LEVL'L 08€S°0 Leeo’t 88YL°0 G9680°0 899%°0 06€°C
08€'C 9¢'9¢ g€Leoe [4 7N A 8Lvv'9 98vS0 £62S0 86.2°0 €800 9091°1 169" L 0ers’o 10€0°L S0SL°0 90200 889¥°0 08€C
0.£°C ¢0'9¢ 6LL0C CELLL ¥98€9 6¢SS0 79250 81820 0e0y'0 g6G1°L Ly’ L 089S0 98¢0’} 2¢sto L1200 60.%°0 0.£C
09¢g'C L1'G€ jerdelona jerasic VA ¢LEE9 ¢L8S°0 61250 6€8¢°0 900¥°0 28511 GG6S°L 0€ss0 9920’1 6€SL°0 821070 LELY 0 09¢C
08¢g°¢C £6°6E LE66°L 0¢es’L €929 S19S°0 98¢0 658¢°0 £€86€°0 048171 Povs L 18850 S¥co’} 96610 0v20°0 [A7A 4] 0S€C
ove'e 8¢°6¢ 8€86°L 6lES°L §S1¢e9 859S°0 16¢S°0 62820 6S6€°0 8SGL°L Sl61°L €950 ¥ceo’L 71510 1SL0°0 €LL¥°0 ove'e
0€E’C €0's¢ Svi6'L 6LV’ L 1491°9 20450 60€S°0 00620 Gg62°0 9vGel'L 881’ L $895°0 #020°L 26510 €900 ¥6.¥°0 ogee
02eC 8.'¥¢ 2S96°L [#4% 1 8cLL'9 Sp.S0 LCES0 02620 L16€°0 veSLL €00V L 9€.S°0 28i0'L 6091°0 G100 918¥°0 ocee
oLe'e £G'vE 0956°L 826¢°L 88509 68160 CEES0 L¥62°0 /88¢€°0 LZSL°L 0gse’L 881570 1910°L 82910 18100 1£8%°0 olLee
00€C 8C' V¢ 8916’1 JANTAVA 05009 £€8S°0 ¥reS0 19620 298¢€°0 60517} 8€0€°L L850 orio’L 9¥9L°0 0080°0 6S81°0 [0]0]59r4
0ec’c €0've 9.€6'L 8yeT’L S166'S 11850 9GES0 2862°0 8€8¢€°0 L6¥L°) 8G6T L 76850 8LI0'L $991°0 c180°0 188%°0 062'¢C
08¢°¢C 8.°€E GBC6'L coLL L 1868°S 12650 89€G°0 €00€°0 €18€°0 Icid" 08022 8¥6S°0 1600t €891°0 G2800 €£06¥°0 08c¢
0/¢¢ £5°EC yeL6'L 8LLL°L LS¥8°'S 99650 18ES0 €20g0 88/¢€0 [A 4" £091°2 20090 S200°L 20LL’0 8€80°0 qzev0 (Y XAA
092 LT°EE ¥0L6’L 16S0°L 226.L'S 11090 £6€9°0 v0g’0 €9.€°0 6SPLL 6CLL’L 95090 £500°L 12LL0 1680°0 Ly6v0 09Z¢
0d
W b z d d 07 Sy IQIN a o&n.o\(.: dy 0dy o&&o\( 0 0d 07 7
P R R A R A

T

00 1=~




8¢ JO GT 98eg

0SsL'¢c 69t 996¢€°¢ PXAYAI)" £969'8 290t°0 8L6%°0 a0Leo 608%°0 6002 L 06796 8€8¢€°0 £.60°} 66600 86€0°0 086€°0 0S.L°¢C
ovi'e |y v 898E'C LZvi oL 2e68'8 1600 9g6t'0 [ 4T AN 16L¥°0 6661°L 62656 G6/8¢°0 1S60°L 01X 0] 0] ¥0¥0°0 866€°0 [0) 744
0gLe VXA 4% 0S.€°¢C 81,00l 828’8 LELY'0 £E67'0 (01 20AlV] €110 686L°L 0.€9°6 cLee 0 L¥60°L ¢a0L0 0L¥0°0 SLov0 0eLe
0clc SO'vy AN 2100704 8’8 9910 Lv6¥°0 LS1C°0 Sl VA A 646171 Zl8v'6 6¥6£°0 ¥260° L €€01°0 LI¥0'0 €e0P'0 0clc
0LLe 78'ey 9e6e'C 61LE6'6 SLob'8 L0Cy 0 6¥6%°0 2120 JAWA A 696L°} LG¢r'6 186¢€°0 8060°} ¥$0L°0 €ero’0 LS00 0LLC
00.'¢c o'ty 62ve’e ¥298°6 £8€e'8 jeiorA Aol 986¥°0 ¢6lLeo 8LLy0 B6S6L°L £0.£°6 G200 2680°L 95010 0er0’0 890¥°0 00.L¢C
069'¢C ov'ey £2ELC LE6L°6 9S.C'8 1L2¥'0 79610 60220 00.v°0 6¥6L°L 1GlLE'6 £90%°0 G/80°} 1901°0 9ev0°0 980%°0 069°C
089°¢ 6Lty JANA NS LveL'6 8217’8 L0EY0 ¢l6Y'0 yX£4AN) 189%°0 6E6L°L 10926 20L'0 6S80°) 6,010 €¥y00 0L 0 089°¢C
0.9°¢C L6°CY Liiee 75596 #0518 EYeEP 0 086%°0 Svee o c99v°0 8¢6L 1 ¢s02°6 34540 cr8o’l L60L°0 0S¥0°0 r44% A 0.97¢C
099°¢ SL¢Yy 900€°C 69856 2880'8 6.E¥°0 88610 29cc’o EYor°0 816171 80616 08L¥0 G280l €0LL0 1S¥0°0 iv'o 099C
0s9¢ £8'eh c06¢'¢ 98196 £€920°8 al¥y'0 96610 08220 74 1A 806171 1960°6 0cer’o 8080°L SLLL0 ¥9v0°0 6SL¥°0 0S9°¢C
0¥9°¢ [Rora 4 1612°¢C 90S¥'6 Sv96°'L 2syv0 S00S°0 862¢'0 ¥09%°0 16811 81¥0'6 09¢y'0 16401 8¢LL0 L1900 LIV 0 0¥9°¢C
0€9¢ 80'¢t £69¢°¢ 628€°6 LEQ6 L 68YY°0 £105°0 JARN A G850 188l 1/86°8 00EY'0 vLL0L oFLLO 8700 96L¥°0 0€9¢C
0c9¢C 98'LYy 06SC°¢C GGLEB 8Ly8L 920 22080 GEET0 G960 a/8l°L 8€€6'8 LYEY'0 180} €S0 98%0°0 vlero 029¢
oL9¢ 7oLy 98vC'¢ €8¥C'6 808.L°L $9S¥'0 0€05°0 £6€C°0 sy 0 9981°L 10888 28EY°0 orL0°L 99110 €6¥0°0 €ETr'0 0197¢
009'¢ L LYy £8€C'¢C £18L6 00cL’L L09v°0 6€05°0 [WANAL] jer4i Al] as8lL L G9¢8'8 [SA Al 2clO’L 64LL°0 10500 [Ar4 4] 009°¢C
068°C 6Ly 18¢2°¢ 9yL1L'6 G659 L 6€91Y°0 Ly0S°0 06€2°0 90Sy°0 8L L ceLL’8 [Siciar ] S0.0°)L c6LL0 60S0°0 L22¥0 065°C
08S°¢C 96'0v 6.12°¢C 28706 16652 L1970 980S°0 60¥C°0 98vv'0 rE8L L 00¢.L'8 L0SY°0 189071 socL o 21800 68¢'0 08¢
045°¢C 7.'0¥% 1.02°¢ 02868 16ES L SLiY0 G90G°0 YXAZAN] [els)ra ] €28L°1 0,998 0SS0 6990°1 8121l 0 G2s00 60EY°0 0.89¢C
09S¢ LGS0 a/6l¢ 1916'8 [A YA ¥SLv'0 ¥.0G°0 [LleA] Sty 0 ci8l’L L7198 €651°0 1G90°L [4XAN¢ £€50°0 8eeh’0 095°¢
0S6¢C 8¢ 0t S§/81°¢C S0S8'8 96LY' L €6.v°0 £809°0 jelelAN] T4 272 108L°L G195°8 9€9%v°0 £€90°L 9vCL0 2rs00 LyeEV'0 0SG8¢C
(01204 S00v VLLL°C 1684°8 209¢g’L 2e8Y'0 ¢60S°0 ¥8¥2°0 Yoy 0 06L1L°L 060S°8 089%°0 G190°1 09210 0SS0°0 99eEY"0 [0} 2°4
0€sC Z28'6¢ 7.91°¢C 00¢.'8 110€°L 128%°0 c0Ls0 €062°0 £8¢v°0 6LL1°L L9SY°8 {2 AN 1650°1 | ZXAN0] 65500 98EV0 0esC
02sC 65°6¢€ (7214 1GG9'8 \Zve'L LL6Y'0 IS0 ¢aseo 29er'0 892171 9v0y'8 89/%°0 8/50°L 88210 1950°0 Sovy'0 0cse
]34 9€°6¢ i ZA 4 G06S'8 Ges8lL 0s6¥'0 02190 L¥S2C0 LPEP0 ISLLL 125€°8 €18k 0 09¢0°L 20gl’0 9/G0°0 [*TA 2] 01e¢
o
. I d 4y sy c_a  uBfw &y way oM g od g v
A e R N I A A

00y 1=A




8¢ Jo 91 93eg

000°¢ 9/'6¥ 06.9°C 0180°Cck €eeeolL £82¢°0 [AVA4s} SLLLO ¢ees o 6€2C’L ziLLL g20e0 6ecL’t 28.0°0 21200 L4S€°0 000'e
066°¢C 95'6¥ £€199°C 6£86°LL  GE€9C0L CLEE0 8G.v°0 6CLL°0 90250 ogeeL v1S0'LL ¥S0€°0 GzeL’L 04200 9/20°0 18S€°0 066'¢C
086°¢C 1E'6¥ §Gs9¢ cL06'LL  8€6L°0L oveE0 Y9490 PrLL0 161S0 ceee L 806601 €80€°0 clel’L 61200 1820°0 209¢°0 086°¢C
0.6°C 8L'6Y 6EY9'C 90€e8’LL  vPZL 0oL 69¢€0 0L.¥°0 8610 9150 €iec’) Y0€6°0F €Le0 86¢L°1 18100 68200 819€°0 0.6C
096°¢C 86'8Y 2ce9'c vPSLLL 285001 86€E°0 9..¥'0 €LLL°0 09150 ¥0cC’'L c048°0L  €vIE0 y8cL’L 9600 68200 €€9¢°0 096'C
086°C 8.°8% 90292 ¥8.L9°L1 £986'6 8C¢ye0 ¢8.LY 0 88.LL°0 SPLS0 S6ic’L 201801 €L1E°0 0.¢4') #0800 £€620°0 6¥9¢€°0 0S6°¢C
062 69°8¥y 1609°C 920911 GL16'6 1Sv€°0 88.v°0 €081°0 62150 812} ¥0S.°01 £02€°0 9gclL’t €180°0 86200 G99¢°0 0¥6'¢C
0€6'C 6¢'8¥ 9/6S°C L22SLE 16¥8°6 18¥E°0 S6.4°0 818L0 €L1S0 8.1¢’L 806901 €Ce0 [4 74" 280’0 20€0'0 189€°0 0g6°¢C
0g6'¢C 61°8¥% 1985°¢C 6LSY'LL 808.'6 JARIN) L08%°0 £e8L°0 160S°0 6912’1 €1€9°01 coce0 gcclL’) L€80°0 L0€0°0 969¢€°0 026
0L6'¢ 66°LY 9¥.G°¢C 0L2€'LL 8CL.L'6 LPSEQ 1080 8¥8L°0 180S0 o] YAl 02.LS0L 96¢€°0 vich’L 0¥80°0 ClE00 cLLE0 016°¢C
006°¢C 6L°LY 2€958°¢C [A4 0 N 0596 11S€°0 18v°0 £981°0 G90S°0 [Re Rl 0€LS 0L 82€L0 661L°L 6¥80°0 LIE00 6¢.£°0 006°C
068°C 65y 8188°¢C [T RAAN G€1l5°6 809¢°0 0280 6.81°0 6¥0S°0 [44TA" LySy oL B6SEE0 o8l 85800 12€0°0 S¥.€°0 068¢C
088°¢C 6E°LY Sovse 9estLLL 1L0LS'6 6€9€°0 128%°0 68170 €E0S°0 cele’l ¥S6e01 26EL°0 LLLEL 29380°0 92¢0'0 194€°0 088'¢C
0.8'¢C 6lL'LY ¢B25'c  16L0°L1L LEvy'6 0£9€°0 £e8¥°0 O0L6L°0 910S°0 gcicL 89€E0F  ¥C¥ED 9GLL'L 12800 LEE00 LL1€0 0.8°¢C
098¢ 86'9¥ 6.18°C 0900°} 29.¢'6 L0LE0 (0225 740] 926L0 000S0 viLic L G68/2'0L LSE0 849" 9880°0 9€€0°0 P6.E°0 098¢
0682 81°9¥% 29082 82e6'0L 960¢€°6 €€.€°0 L¥8%°0 L¥61L°0 £861°0 soleL 02201 06¥€°0 all’t 9680°0 L¥€0°0 018€°0 088¢C
08¢ 1S°9% sgev'e 76S8°0L (A% A 89/€°0 7S8Y°0 1S61°0 996%°0 S602°L 29101 €29€°0 LELLL S060°0 L¥E0°0 128€°0 [0)4:%4
0€8°C LE'9Y 4 1A S98.°01 LLLLE 16.£°0 1980 €610 6¥64°0 980¢' L 9v0L°01 18SE°0 9601} 91600 ¢Se00 ¥8E°0 0€8’c
028'¢C 91'8%y IXVANA 6ELLOL LLLLG 6¢8€°0 898%°0 06610 2e6r0 1.02°L 04¥0°0F 16SE0 180171 92600 1S€0°0 098€°0 (074 24
0L8°¢C G6'SY ceov'e SLv9'0L 9sv0'6 298¢0 S/8%°0 9002’0 SLer'0 2902’} 9686'6 §29¢’0 990171 9€60°0 €9€0°0 11820 01L87¢
008°¢C GL'GY cLsy'e 7695704 0086'8 G68¢€0 28870 ¢coeo 868%°0 8S0¢°L ¥2E£6'6 099¢°0 LS0L°L 9¥60°0 89€0°0 ¥68€°0 008¢C
06.°C ¥G'Sy [48) 2744 S.6¥'0) 8¥16'8 8¢6E°0 6881°0 6€0C°0 088¥°0 8¥0¢" | £6/8'6 S69¢°0 geoL’L 15600 2200 LI6E°0 061¢C
08.L°C £¢°SY 41444 65 0L 86¥8'8 196€°0 96840 GS020 €98%°0 8€0¢C’} G818'6 0€.€0 0coLt 29600 08€0°0 826¢£°0 08.LC
04472 cL'Sy £8LY'C 9pSe 0L 1682°8 ¥66€°0 €06v°0 ¢.02°0 S¥8Y¥°0 6202°L 819/°6 99/€°0 ¥00L°L 82600 98€0°0 SP6E°0 0l.7¢C
09.°¢C 1671 ¥L0¥°¢C SEBT 0L S0CL'8 820%0 Li6%°0 6802°0 L28Y°0 6102} €60.L°6 08¢0 8860°L 6860°0 26€0°0 £96€°0 09.°¢C
0d
W 7 I d d 07 S = d Ofofu  dy 0dy 079N oy 0d 07
Z ! d o P 0w 0dofu — g d L .

00t 1=A




GAS FLOW TABLES (y=1.333): SUBSONIC
FLOW

| B sl g2 L Jc_TT) m\/c To  p Aerlm 10
Ty Po Po A<pTo i /c To D < T

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 4626179  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
0.180 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 5.5998 0.0565

0.310 0.9843 0.9384 0.9534 0.1775 0.6774 0.7218 1.56629 5.1272 0.0601
0.320 0.9832 0.9346 0.9505 0.1831 0.6967 0.7455 1.5245 4.7016 0.0638
0.330 0.9822 0.9306 0.9475 0.1887 0.7158 0.7692 1.4888 4.3173 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 0.9777 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 1.1643 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
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M .;1_ L L VT m CpT e CPTO F 3 4CfLmax4 %sz
p ¢ - -
0 0 Po pio Apo Ap e, Ty D B

0.510 0.9585  0.8439  0.8805  0.2881  1.0155  1.2033  1.1192  1.0532  0.1463
0.520 0.9569  0.8384  0.8761 02935  1.0295 1.2279  1.1079 09759  0.1511
0.530 09553  0.8328  0.8717 02989  1.0431 12526  1.0973  0.9041  0.1559
0.540 0.9537 08271  0.8673 03043  1.0565  1.2773  1.0872  0.8373  0.1608
0.550 0.9520  0.8214  0.8628  0.3097  1.0696  1.3021  1.0777  0.7752  0.1656
0.560 09504  0.8157  0.8583 03150  1.0823  1.3269  1.0687 07174  0.1705
0.570 0.9487  0.8099  0.8537  0.3204  1.0048  1.3518  1.0601  0.6636  0.1754
0.580 0.9470  0.8040  0.8490  0.3257  1.1069  1.3768  1.0520  0.6136  0.1803
0.590 0.9452 07981  0.8443  0.3310  1.1188  1.4018  1.0444 05669  0.1852
0.600 09434 07921  0.8396  0.3363  1.1303  1.4269  1.0371 05235  0.1901
0.610 0.9417 07861  0.8348  0.3416 11415  1.4521  1.0303 04830  0.1950
0620 09398 07801  0.8300  0.3469  1.1524 14773  1.0238 04452  0.1999
0.630 0.9380  0.7740  0.8252 03521  1.1630  1.5026  1.0176  0.4101  0.2048
0.640 09362  0.7679  0.8203  0.3573  1.1733 15280  1.0118  0.3773  0.2096
0.650 0.9343 07618  0.8153  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  0.3183  0.2194
0.670 0.9305  0.7494  0.8054  0.3729 12023 16045 09962 02918  0.2242
0.680 0.9285  0.7431  0.8003 03781 12114 16301 09916 02671  0.2290
0.690 0.9266  0.7368  0.7953  0.3833  1.2201  1.6559  0.9872 02441  0.2338
0700 09246 07306 07902  0.3884  1.2285  1.6817  0.9831 02227  0.2386
0.710 0.9226 07242 07850  0.3935  1.2367  1.7075  0.9792  0.2028  0.2433
0.720 0.9205 07179 07799  0.3986  1.2445  1.7335  0.9755  0.1843  0.2480
0.730 0.9185 07116 07747 04037 12520 17595  0.9721  0.1671  0.2527
0740 09164 07052 07695 04088 12592  1.7856  0.9688  0.1512  0.2574
0.750 0.9144 06988  0.7643 04139 12661  1.8118  0.9658  0.1364  0.2620
0.760 0.9123  0.6924 07590  0.4189  1.2727  1.8381  0.9629  0.1227  0.2666
0.770 0.9102  0.6860  0.7537 04239  1.2790  1.8644  0.9603  0.1100  0.2711
0780 09080 06796 07484 04289  1.2850  1.8908  0.9578  0.0983  0.2756
0790 09059 06732 07431 04339 12907  1.9174  0.9554  0.0875  0.2800
0.800 0.9037  0.6668  0.7378 04389  1.2961  1.9440 09533 00776  0.2844
0.810 0.9015  0.6603  0.7325 04438  1.3013  1.9706  0.9513  0.0685  0.2888
0.820 0.8993  0.6539 07271 04487  1.3061  1.9974  0.9494  0.0601  0.2930
0.830  0.8971 06475 07217 04536  1.3107  2.0243  0.9477  0.0524  0.2973
0.840  0.8949 06411 07164 04585  1.3149  2.0512  0.9461  0.0454  0.3015
0.850 0.8926  0.6346  0.7110  0.4634  1.3189  2.0782  0.9446  0.0391  0.3056
0.860 0.8904  0.6282  0.7056  0.4683  1.3226  2.1053  0.9433  0.0333  0.3097
0.870 0.8881  0.6218 07002 04731  1.3260 21326  0.9420  0.0281  0.3137
0.880  0.8858  0.6154  0.6948 04779  1.3292 21599  0.9409  0.0235  0.3176
0.800  0.8835  0.6090  0.6893 04827  1.3321  2.1873  0.9399  0.0193  0.3215
0.900 0.8812  0.6026  0.6839 04875  1.3347 22147 09390 00156  0.3253
0.910 0.8788 05963  0.6785 04923  1.3370 22423 09383  0.0124  0.3291
0.920 08765 05899  0.6731 04970  1.3391 22700 09376 00096  0.3328
0.930  0.8741 05836  0.6676  0.5018  1.3410 22978  0.9370  0.0072  0.3364
0.940 08717 05773  0.6622 05065  1.3425 23256  0.9365  0.0052  0.3400
0.950 0.8694  0.5710  0.6568 05111  1.3439  2.3536  0.9360  0.0035  0.3435
0.960  0.8670  0.5647  0.6514 05158  1.3449  2.3817  0.9357  0.0022  0.3469
0.970  0.8646  0.5585  0.6459  0.5205  1.3458 24098  0.9354  0.0012  0.3502
0.980 0.8621 05522 06405 05251  1.3464 24381 09353  0.0005  0.3535
0990  0.8597  0.5460  0.6351 05297  1.3467 24664 09351  0.0001  0.3567
1.000  0.8573  0.5398  0.6297 05343  1.3468  2.4949  0.9351  0.0000  0.3598
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GAS FLOW TABLES (y=1.333): SUPERSONIC FLOW

% : \/7
M Tl i P ~~u74 m C/Jl”'() mycp IO F 4chmax % ,DV2
c — :
0 Py Po plo APo Ap m e, To D 5

1.010 0.8548 0.5337 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 0.8399 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
1.090 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 0.8298 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 0.4175
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 1.2325 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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1.510 0.7248 0.2758 0.3804 0.7419 1.1298 4.0970 0.9859 0.1532 0.4191
1.520 0.7222 0.2718 0.3763 0.7454 1.1228 41317 0.9874 0.1573 0.4185
1.530 0.7195 0.2678 0.3722 0.7489 1.1158 4.1665 0.9889 0.1613 0.4178
1.540 0.7169 0.2639 0.3681 0.7524 1.1087 4.2014 0.9905 0.1654 0.4171
1.550 0.7143 0.2600 0.3641 0.7559 1.1016 4.2365 0.9920 0.1694 0.4164

1.560 0.7116 0.2562 0.3600 0.7594 1.0945 4.2717 0.9935 0.1734 0.4156
1.570 0.7090 0.2524 0.3561 0.7629 1.0873 4.3070 0.9950 0.1775 0.4147
1.580 0.7064 0.2487 0.3521 0.7663 1.0801 4.3425 0.9966 0.1815 0.4138
1.590 0.7038 0.2450 0.3482 0.7697 1.0729 4.3782 0.9981 0.1855 0.4129
1.600 0.7011 0.2414 0.3443 0.7731 1.0656 4.4139 0.9997 0.1895 0.4119

1.610 0.6985 0.2378 0.3405 0.7765 1.0583 4.4498 1.0012 0.1935 0.4109
1.620 0.6959 0.2343 0.3367 0.7799 1.0510 4.4859 1.0028 0.1975 0.4098
1.630 0.6933 0.2308 0.3329 0.7832 1.0436 4.5220 1.0043 0.2015 0.4087
1.640 0.6907 0.2273 0.3291 0.7865 1.0363 4.5584 1.0059 0.2055 0.4075
1.650 0.6881 0.2239 0.3254 0.7898 1.0289 4.5948 1.0075 0.2094 0.4063

1.660 0.6855 0.2206 0.3217 0.7931 1.0215 4.6314 1.0090 0.2134 0.4051
1.670 0.6829 0.2172 0.3181 0.7964 1.0141 4.6682 1.0106 0.2173 0.4038
1.680 0.6803 0.2139 0.3145 0.7996 1.0066 4.7051 1.0122 0.2213 0.4025
1.690 0.6777 0.2107 0.3109 0.8028 0.9992 4.7421 1.0137 0.2252 0.4011
1.700 0.6751 0.2075 0.3074 0.8061 0.9918 4.7793 1.0153 0.22%1 0.3997

1.710 0.6726 0.2044 0.3039 0.8093 0.9843 4.8166 1.0169 0.2330 0.3983
1.720 0.6700 0.2012 0.3004 0.8124 0.9769 4.8541 1.0184 0.2369 0.3968
1.730 0.6674 0.1982 0.2969 0.8156 0.9694 4.8917 1.0200 0.2407 0.3953
1.740 0.6649 0.1951 0.2935 0.8187 0.9620 4.9294 1.0216 0.2446 0.3938
1.750 0.6623 0.1922 0.2901 0.8218 0.9545 4.9673 1.0232 0.2484 0.3922

1.760 0.6597 0.1892 0.2868 0.8249 0.9471 5.0054 1.0247 0.2522 0.3906
1.770 0.6572 0.1863 0.2835 0.8280 0.9396 5.0435 1.0263 0.2560 0.3890
1.780 0.6546 0.1834 0.2802 0.8311 0.9322 5.0819 1.0279 0.2598 0.3874
1.790 0.6521 0.1806 0.2770 0.8341 0.9248 5.1204 1.0294 0.2636 0.3857
1.800 0.6496 0.1778 0.2737 0.8372 0.9173 5.1590 1.0310 0.2673 0.3840

1.810 0.6471 0.1751 0.2706 0.8402 0.9099 5.1978 1.0326 0.2711 0.3822
1.820 0.6445 0.1723 0.2674 0.8432 0.9025 5.2367 1.0341 0.2748 0.3805
1.830 0.6420 0.1697 0.2643 0.8461 0.8951 5.2758 1.0357 0.2785 0.3787
1.840 0.6395 0.1670 0.2612 0.8491 0.8878 5.3150 1.0373 0.2822 0.3769
1.850 0.6370 0.1644 0.2581 0.8521 0.8804 5.3544 1.0388 0.2858 0.3751

1.860 0.6345 0.1619 0.2551 0.8550 0.8731 5.3939 1.0404 0.2895 0.3732
1.870 0.6320 0.1593 0.2521 0.8579 0.8658 5.4336 1.0419 0.2931 0.3714
1.880 0.6295 0.1568 0.2491 0.8608 0.8585 5.4734 1.0435 0.2967 0.3695
1.890 0.6271 0.1544 0.2462 0.8636 0.8512 5.5134 1.0450 0.3003 0.3676
1.900 0.6246 0.1520 0.2433 0.8665 0.8439 5.55635 1.0466 0.3039 0.3656
1.910 0.6221 0.1496 0.2404 0.8693 0.8367 5.5938 1.0481 0.3074 0.3637
1.920 0.6197 0.1472 0.2376 0.8722 0.8295 5.6342 1.0497 0.3110 0.3617
1.930 0.6172 0.1449 0.2348 0.8750 0.8223 5.6748 1.0512 0.3145 0.3598
1.940 0.6148 0.1426 0.2320 0.8778 0.8152 5.7155 1.0527 0.3180 0.3578
1.950 0.6123 0.1404 0.2292 0.8805 0.8081 5.7564 1.0543 0.3215 0.3558

1.960 0.6099 0.1382 0.2265 0.8833 0.8010 5.7974 1.0558 0.3249 0.3537
1.970 0.6075 0.1360 0.2238 0.8860 0.7939 5.8386 1.0573 0.3284 0.3517
1.980 0.6051 0.1338 0.2212 0.8888 0.7869 5.8800 1.0588 0.3318 0.3497
1.990 0.6026 0.1317 0.2185 0.8915 0.7799 5.9215 1.0603 0.3352 0.3476
2.000 0.6002 0.1296 0.2159 0.8942 0.7729 5.9631 1.0619 0.3386 0.3455
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