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ABSTRACT: The results of a detailed experimental investigation
of a two-dimensional turbulent boundary layer at zero-pressure
gradient are presented. The studies were made at the free-stream
Mach number of 5, momentum-thickness keynolds number from 4800

to 56,000 and wall-to-adiabatic-wall temperature ratios from

0.5 to 1.0. The data are in analytical terms of velocity profile,
temperature profile, law-of-the-wall, velocity-defect law and
incompressible form factor. Comparisons of local skin-friction
coefficients obtained by four different experimental methods are
shown. An empirical equation was derived from the shear-balance
data to calculate the friction coefficient from known values of
Mach number, heat transfer and Reynolds number.
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éf This report presents the results of an extensive investigation of #
e a two-dimensional turbulent boundary layer at Mach 5 with moderate
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LIST OF SYMBOLS

£ = local skin-fricticocn coefficient based on balance data
P = local skin-friction coefficient based on heat-transfer data

Ce = local skin-~friction coefficient
= defined in Fig. 16
ine = incompressible form factor az/ei ,

= Mach number

= velocity power-profile exponent

Po = tunnel supply pressure
= heat-transfer rate
Reg = momentum~-thickness Reynolds number

st = Stanton number

= temperature
= as defined in Fig. 8

= afiabatic wall temperature

aw

° = tunnel supply temperature ;

& = local stagnation temperature ;

£ = local stagnaticn temperature at outer edge of boundary g

layer 2

w - wall temperature g

s = temperature at outer edge of boundary layer ;

= yelocity component in the x direction }

s = velocity at the outer edge of bcundary layer . %
u* = shear vzlocity from shear-balance data /?573; é
uw’ = nondimensional velocity = %% ?
X = nominal axial distance in flow directicon measured from

nozzle throat
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T TR R ST

’
D T e O S e




TR

b 'm;;ﬁk‘

b
e 'J‘v“;ﬁ.w

£ 4 v 4

o gt v o Yot~ o
Ay
o 1

P

T
A
4 Vg

N

[SIER I T

o*

. . P

. G ARy s e e ety or b Teeart e B OmiTet ey v e
et e & = war® AGER FE e AT ORISR SR VST RO BT 3w v

B e

&
NOLTR 69~106
1L IST OF SYMBOLS
distance normal to plate surface
*
nondimensional distance from surface = %71
w
a varameter = Té_Tw/Tta—Tw
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INTRODUCTION

The empirical nature of compressible turbulent boundary-layer
theories necessitates high~quality experimental data upon which
to base their formulations. Experimental studies of the boundary
layer in recent years generally employ techniques such as probing
with pressure and temperature probes to define the velocity and
density profiles irom which the local skin friction can be inferred;
direct measurement of the local shear force on a floating element;
and various transient and steady-state heat-transfer techniques
to measure the heat transfer to the surface. The accuracy in
profile measurements is limited by the smallness of the boundary-
layer tlickness and the relatively large probe sizes. The inference
of wall friction from the velocity gradient at the wall can very
easily be swayed by errors due tou the effect of probe-wall
interference. Floating element balances, which have been used
very successfully in adiabatic-wall flows, are not as widely used
in flows with high heat transfers. 1In flows with heat -~ransfer,
usually profile or heat-transfer measurements are used to compute
the friction drag. In the application of the latter, Reynolds
analogy is assumed.

"he present paper presents the results of employing four
different experimental technigues to obtain the friction coefficient
in a compressible turbulent boundary layer with heat transfer.

These are: skin-friction balance, measurements inferred from
velocity and temperature gradients, and local heat-transfer
measurements. Correlation of the profile and friction-coefficient
data with recent empirical methods are presented.

In addition, the results of detailed measurements of the
velocity and temperature profiles are presented. Analysis of the
data in terms of velocity-power profile, law-of-the-~wall, velocity-
defect law and incompressible form factor are given.

EXPERIMENTAL PROCEDURE MAND INSTRUMENTATION

The experiments were conducted in the U. S. Naval Ordnance
Laboratory's Boundary Layer Channel at tunnel supply pressures
between 1 and 10 atmospheres and supply temperatures between 580°R
and 1210°R. The momentum-thickness Reynolds number varied from
4800 to 56,000 and wall to adiabatic-wall temperature ratio from
0.5 to 1.0. These temperature ratios were attained by varying the
supply temperature and maintaining the wall temperature relatively
constant. The main component or the facility is the two-dimensional
supersonic nozzle illustrated in Figure 1. One wall of the nozzle
is a flat plate and the opposite wall is a flexible plate which
may 'e adjusted to give flow Mach numbers between 3 and 7 at the
nozzle exit. For the present investigations the plate contour was

7 03 e T s bk arinas
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adjusted to prescribe a Mach 5 uniform flow over the flat plate
beginning at 55 inches downstream from the nozzle throat. The

| operating envelope and the Reynolds number per foot capability at
. the Mach 5 setting are shown in Figures 2 and 3, respectively.

3 Further details on the Channel and its performance are given in
2 Reference (1).

The model used for boundary-layer investigations is the

nozzle flat plate. The plate, made of stainless steel, and s
: internally water cooled, is 8 feet long and tapered from 12 inches
g wide at the nozzle throat to 13.5 inches at the exit. Instrumen-
g tation ports, 1.875 inches in diameter, are provided along the .

center of the plate about every 12 inches apart starting 24 inches
downstream of the nozzle throat. For the present investigation
the ports located at 48, 60, 72 and 94 inches from the thrcat were A
used. Initial nozzle-design cal:ulations using the methods of
References (2), (3), and (4) and Stanton-probe measurements 3
indicate the boundary layer to be turbulent at these locations for
the operating range described. Typical boundary-layer thicknesses
along the plate range from 2 to 4 inches.

77 % RS E )

YR Ry

s

The boundary-layer profile surveys were made by traversing
independently a Pitot pressure probe and an equilibrium conical
temperature probe across the boundary layer. Each probe was
3 aligned with the probe tip located 2.75 inches upstream of the
center of the instrumentation port. Each traverse was made from
the free stream toward the plate with maximum probe movement of
3.75 inches. The speed of traverse varied during the run to
2 insure that the probe had reached equilibrium conditions.

LR

TR

The profile data are reccrded automatically and continuously
on NOL's PADRE which is described in Reference (5). This unit
provides seven channels with servo-systems and direct digital
conversion to permit simultaneous sensing and recording of the
data directly on IBM cards.

T Y T) LI ) 1o T & (U SOTIp g
SRS g v 2 &

Pitot-pressure probes were made of 0.125-inch diameter
stainless-steel tubing flattened at the tip to a rectangular
opening of 0.016 x 0.100 inch. The local Mach number was computed
. from the Rayleigh Pitot tube formula using the measured Pitot
and wall-static pressures.

3 The basic design of the equilibrium conical temperature probe
is described in Reference (€}. Essentially the equilibrium

Bt temperature of a sharp 10-degree platinum cone was measured by a

3 thermocouple mounted onto its 0.050-inch diameter base. The cone

3 was supported at its base by a 0.050-inch diameter, $.5-inch long

. aluminum oxide tube, which also served to insulate the cone from

: the probe support mechanism. The measured cone temperature together
- with the measured lccal Mach number and cone tables provided the
necessary information to calculate the local stagnation and static
temperatures. A cone recovery factor equal to the square root of

. . P . PRURE S - RO B
the Pran numb was aSSwncd, based on the cone cqu;.lerlum

&
=

+7 -
e Laava 1puaan,

temoerature.
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The local velocity distribution was computed frcm the measured
Mach number and temperature distributions. In the region of uniform
flow, the experimental free-stream edge of the boundary layer is
selected as the location where the slope of the velocity gradient

becomes zero, g% = 0. In the 48-inch station where pressure

gradient exists in the free stream, the edge is selected where %E =
constant. v

The basic design of the NOL skin-friction balance is described
in Reference (7). A schematic diagram illustrating its major
components is shown in Figure 4. The instrument measured directly
the shear drag on a circular surface floating element mounted flush
with the flat plate. The element has an area of 0.5-square-inch. The
balance was water-cooled and was designed for measurements in
flows with heat transfer and pressure gradient.

Heat-transfer measurements were made by measuring the
equilibrium temperature distribution in a stainless-~steel rod,
insulated around its circumference, and mounted with the axis
normal to the plate surface. Four iron-constantan thermocouples
were welded to the rod at 0.25-inch intervals, measured from the
end face of the rod that was mounted flush with the flat plate.

The local skin-friction coefficient was computed from the
temperature gradient at the surface and the Colburn form of Reynolds

analogy. One-dimensional heat flow along the axis of the rod
was assumed.

At the low operating supply pressure range, the boundary
layer was sufficiently thick such that temperature probing in the
boundary-layer sublayer provides an accurate measurement of the
temperature gradient. For these cases, the heat transfer was
computed as the product of the temperature gradient at the surface
and the thermal conductivity of air at the surface temperature.
Reynolds analogy was again used to obtain the friction coefficient.

EXPERIMENTAL RESULTS

Free-stream Pitot~pressure distributions measured with a
five-finger rake as reported in Reference (1), showed the flow to
be uniform within 20.75 percent of the free-stream Mach number in
the region from the 55-inch station to the end of the flat plate.
Static-pressure probe surveys across the boundary layer from
0.5 to 4.0 inches above the plate were made at the 60-inch and
94-inch stations. They showed the static-pressure variation to
be within #*2.3 percent of the mean value at that station.
Consequently, the static pressure was assumed to be constant.

The profile measurements in terms of local Mach number,
static temperature, velocity and density are listed in Table l.
Graphs of the velocity profiles are shown in Figure 5. Because of
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the thicker boundary layer at the one atmosphere pressure conditions,
it was possible to probe deep into the sublayer region, into the
linear portion of the velocity profile. For comparison, Figure 5C
shows computed velocity profiles using the numerical solution of
Reference (8) for three supply temperatures. The numerical results
agree reasonably well with the profile data at the lower tempera-
ture, T, = 775°R, condition but differ considerably at the two
higher temperature surveys.

The dashed lines in Fiqure 5 show the velocity gradient deduced ;
from the friction balance data. The balance results are 2lso in !
good agreement with the profile results except at the higher ;
temperature runs.

A portion of the outer region can be readily fitted with a
power profile. The variation of the power-profile exponent with
momentum~thickness Reynolds number is shown in Figure 6. The data
was “itted by the method of least squares by the expression shown.
The dependence of n with Reg appears to be independent of heat
transfer.

k8 AN NS s s

e
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The static temperature-velocity profiles are shown .in
Figure 7. A second order polynominal,

2
%E =a+b (FH +c (G (1)

8 8 8

Lo SRS BT, F LN 2

v

.

was computed using the following boundary conditions to calculate
the coefficients a, b, and c:

a (i - a(u
= 0 .l = T—w T 0 (T(S) = (Taw Tw) Prl/3 -—-—-6—(11 )
Y= R TR uy T &y T dy
T
y =6, ﬁ =1, “';'lg =1 (2)

Equation 1 is plotted in Figure 7. TLe polynomial appeared to

fit the adiabatic wall temperature datc satisfactorily, (see

Figure 7C, To ~ 600°R) but did not give a good fit for the other
cases where T,/T,;, < 1. For comparison the relations of Walz,
Reference (9), and Crocco, Reference (10), are plotted in Figure 7B.

A widely used method of correlating temperature profile data,
as suggested by the Crocco energy relation, is in terms of total
temperature and velocity, see Reference (9), (11), (12}, and (13).
This is presented in Figure 8 together with three lines reprecenting
the Crocco equation for unit Prandtl number; the zero heat-transfer
quadratic equation by Walz:
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S w2
T = g (3)

and the following expression by Danberg, Reference (11):

= u _ u,?2
T = R (Q) + (1 B) (q (4)
where
aw Tw
B = T, -T
6 w

In general the present results follow the quadratic relation,
equation {3), and are consistent with the general conclusion of
References (12) and (13) that data on the nozzle wall follow the
quadratic rather than the Crocco relation. However, as shown in
Figure 8, the data at the lowest Reynolds number at each station
show a transition from the quadratic to the Crocco within the
sublayer region. This trend was verified by independent measure-
ments with the hot-wire temperature probe, see Reference (14).

It has been suggested that the upstream boundary-layer history
and heat transfer to the wall can produce deviation from the linear
Crocco relation. The details of this deviation and manner of its

recovery need further investigation to better the understanding
of turbulent boundary-layer flow.

The data in Figure 8 are presented in two groupings; for a
constant heat-transfer rate where T,/Tg5, = 0.73 and for a constant
tunnel supply pressure of five atmospheres. Little effect is
noted at the outer region of the boundary layer due to Reynolds
number variation. A systematic shift from the guadratic to the

linear relation is noted as heat transfer increases or as the ratio
T,/ T4y decreases.

Comparisons of the profile results with the Law of the Wall and
Velocity Defect Law are shown in Figures 9 and 10, respecti-ely.
The shear velocity was computed from shear balance data. The
solid line in the outer turbulent zone of Figure 9 is that reported
by Baronti and Libby, Reference (15), for adiabatic wall flows.

ut = 2.43 1n(7.5 y") (5)

In the Velocity Defect Law correlation of Figure 10, the solid
lines represent empirical fits by Clauser and Hama, respectively,

of incompressible flow data as reportzd in Reference (l6). The
equations for these lines are:
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u‘s—u

—— = 2.44 1In £ + 2.5 for £ < 0.15 (6)
ua-'u 2

== 9.6(1 - 5" for £ > 0.15 (7)

It appeared that the correlations of the data in both Law
of the Wall and Velocity Defect Law showed a stronger dependency

on heat transfer as expressed in Tw/Taw ratio rather than on
Reynolds number.

Correlation of the data in terms of the incompressible form
factor is shown in Figure 1l. The present results and also the
results of Winkler-Cha, Refcrence (17), as shown are parallel to
the Tetervin-Lin fit of incompressible flow data, see Reference (18).
The dotted line was drawn parallel to the Tetervin-Lin curve but
displaced to go through the present data. The third line drawn
was obtained by use of power profiles and Figure 6.

8*
_ dinc _ 2
where Hi 0 = 59 ==+ 1 (8)
inc

The dacta did not show any trend due to heat transfer.

The skin-friction coefficient obtained by the four experimental
methods at the four test stations are shown in Figure 12. For
comparison, predictions shown were those of Spalding-Chi.
Reference (19); Falkner and Blasius, Refzrence (20); Persh,
Reference (21); and Winkler-Cha, Reference (17). These predicted
values represented by the lines were computed for T.,/Ty, = .73
where most of the experimental data were taken. Generally, the
shear balance data are about 20 percent lower than the widely
accepted prediction of Spalding-Chi. The velocity profile data
showed more scatter than the balance data, reflecting the difficulty

of obtaining accurate friction coefficients from profile measure-~
ments.

Friction coefficients obtained from heat-transfer data as
shown in Figures 12B and 12C and tabulated in Table 2 indicate a
marked deviation from those based on balance measurements with
increasing Reynolds number. This may be a consequence of assuming

a constant turbulent flow recovery factor of 0.89 and the acceptance
of the Colburn form of Reynolds analogy.

- 2
25t _ Pr 2/3 (9)
Ce
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The present data show a Reynolds number effect on the Reynolds
analogy factor which is stronger than indicated by Tetervin,
Reference (22). This is shown in Figure 13. Figure 14 is a
comparison of the present results with those of Danberg, Refer-
ence (ll) for similar heat-transfer range. It appears that further
studies are needed in this area to relate heat transfer to skin
friction.

The balance data from the four measuring stations for T/Ty, =
.73 are replotted in Figure 15. Very good agreement was obtained
between the measurements at the 60, 72, and 94-inch stations.
The measurements at the 48-inch station were higher than the others
because they were in the pressure drop region of the nozzle. The
good agreement of the data at the three downstream stations
indicated that pressure gradient history at the upstream end of the
plate was "forgotten" and the local flow was similar to zero
pressure gradient flat plate flow. The data from the downstream
three measuring stations were fitted by the least~zquare method to
obtain tre following relation:

_ -0.10
ce = 0.0211 Reg (11)

which fits the experimental data to 7.5 percent. 1In contrast, the
similar balance data at the 48-inch station, which was in the
pressure drop region, resulted in a varallel line with higher
friction coefficvients,

Further analysis of the experimental data in Figure 12
indicated that at decreasing values of T,,/Tay. both the balance
and heat-transfer results showed c. to increase slightly whereas
the velocity-profile measurements showed the opposite trend.
't can be speculated that the cooling of the wall car introduce
curvature of the velocity profile very near the wall as illustrated
in Figure 16. Figure 16A represents a typical temperature distri-
bution in the boundary layer with wall cooling. If it is assumed
that the coefficient of viscosity is proportional to the tempera-
ture and the shear is constant some distance past the peak of the
temperature curve then the velocity gradient mest complement the
temperature distribution as shown in Figure 16B for the equation
shown in the figure to be true. Integrating the curve of Figure 16B
will result in the velocity distribution of Figure 16C where a hump
would exist near the wall. The interpretation of the data outside
this hump would lead to the slope shown by the dotted line and
resalt in a lower value of the shear force. Unfortunately the
size of probes used in the present investigation made it difficult
to distinguish between probe interference and temperature
distortion of the boundary layer. Numerical calculations of the
turbulent boundary layer by the method of Tetervin, Reference (8)
add some support to this theory. The calculations were made for
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Mach 10 flow with three assumed values of T,/T_ ., and is shown in

Figure 17. Although no hump appeared, the curved portion of the

velocity profile extends closer to the wall as Ty/T,,, is decreased

and consequently the error in estimating the slope o¥ the velocity

profile at the wall when obtained by a fairing of experimental

points not very near the wall becomes larger. Figure 17 indicates

that the size limitation of present probing techniques renders

this method of obtaining friction coefficients inaccurate for very

cold walls. »

Db

Further correlation of the wall temperature effect on friction
coefficients as obtained by the velocity profile technique and -
direct force measurement are shown in Figure 18 for one ,value of
Reynolds number. The balance results showed a slight increase in
cg due to wall temperacvure and the friction coefficients were lower
than predicted by the Spalding-Chi method. The velocity-profile
results reflected the above analysis and were in general agreement
with the results of Winkler-Cha which were based on profile measure- :
ments at T,/T,,, greater than 0.61. 3

0 e b

The present data was fitted by the method of least squares by 7

the equation shown in Figure 18. The basic form of the equation E
was adapted from Reference (17) and the coefficient and exponents k
for the heat transfer and Reynolds number terms adjusted to fit B
the present data. The Mach number dependency term, (T,/Tg), was 3

carried over from Reference (17). This equatlon descrlbes the
present data to within 6.6 percent as shown in Table 3. 5

CONCLUSION

The turbulent boundary laver in the NOL Boundary Layer A
Channel at Mach 5; 4800 < Reg < 56,000; .48 < T.,/T,, < 1.0; was 4
studied with pressure and temperature probes, a shear balance, §
and a heat-transfer gage. }

The structure of the boundary layer was examined in terms of ,
velocity and temperature profiles, law of the wall, velocity-defect E
law and incompressible form factor. Data was obtained to y* = 1.4; 4
this is much closer *o the wall than previously obtained. The
outer portion of the velocity profile can be fitted by a power
profile. A relation between power-profile exponent and momentum-

thickness Reynolds number was derived. Correlation of the

"incompressible form factor showed similarity witn subsonic flow i
results. An expression relating the form factor with momentum-

thickness Reynclds number was given.

Local skin-friction coefficients obtained from shear-balance 3
measurements, velocity-profile data, temperature-profile data and '
heat-transfer data were compared. The balance results were the 4

most consistent of the four and were about 20 percent lower than
the prediction of Spalding-Chi. Heat-transfer measurements showed
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a marked disagreement with shear-balance measurements at high
Reynolds numbers. The Reynolds analogy factor is strongly affected
by Reynolds number. The local skin-friction coefficient as
measured with shear balonce and a heat-transfer gage increased
slightly as Ty/T,, decreased. Velocity-profile measurements
indicated the opposite trend. The distortion of the velocity
profile very close to the wall by heat transfer was a suggested
cause. This was supported by calculations by Tetervin's method.
An equation was obtained by the least-square fit of the data to
compute the local friction coefficient. This equation accounts
for variations in Mach number, heat transfer and Reynolds number
and represents the present data to within 6.6 percent.

The data showed some evidence of the upstream boundary-layer
history and the heat transfer on boundary-layer profiles., The
results indicate that both the friction drag and velocity profile
will quickly adjust to local flat-plate conditions while the
temperature profile will retain a memory of the upstream conditions
for a long time. Additional analytical and experimental studies

are needed to verify these findings and to better the understanding
of turbulent boundary-layer flow.
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FIG.8a TOTAL TEMPERATURE - VELOCITY DISTRIBUTION, 48 INCH STATION, Tw/Taw = .73
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TABLE 1(a) BOUNDARY LAYER PROFILE MEASUREMENTS
Ren 12196 X = 45.25 inches Re, = 4855 3
P, = 14.7 psia T, = 145.0 °R §* = 0,616 inch B
T, = 783.9 °R U, = 2770 ft/sec 6 = 0.104 inch "
T, = 517 °R M, = 4.69 %
<
} No, Y(iuches) ¥ T/T, u/u, /P 23
1 0. 0. 34564 0. 04281 i3
2 04014 04302 3,726 06124 00268 %
3 04022 Oetlb _ 3702 0e175 0e267 £
. 4 00026 0ebi3 32761 0.213 02264 &
5 04034 04751 34696 04308 04272 :
6 04061 14362 3.103 04511 04322
7 0.078 1.578 CeBTh 04570 0348 :
8 0,08y 14713 2eT33 06604 00366 70
9 0,108 _ 1883 _ 24562 _  0e642 00390 B
10 o125 1.98% 24459 06666 06407 ;::;
11 06167 24064 24305 04679 06419 o
12 04163 24133 24323 04693 04431 |
13 00180 o183 24277 06702 0e439 s
14 04205 2e247 24220 06713 00450 G
15 0229 26318__ _ _ 26160, 0726 00463 iy
16 04235 24252 20130 00732 00469 [
17 04265 24410 2e985 Oe742 06480 T3
18 04301 24489 24024 04755 06494 cq
19 0,326 24546 14979 0s766 04505 o
20 04353 24626 14924 0.776 04520
21 Ve381 20688 1.883 04786 Ce531 e
22 0eb14 2e712 1.824 04798 06548 o
23 0e4b1 24845 14775 C.808 0¢563 Ck
24 04475 24915 14730 0.817 04578 e
25 04505 24980 14690 04825 0e592
26 04527 34035 14655 00832 0e604
27 0s560 3,087 10624 04838 04616 3
28 00585 34162 1579 00847 00633
29 04612 34218 14547 06853 00646 K
30 00640 34272 14518 04859 04659 i
31 04673 34332 1e487 04866 0e673 o
32 04703 34406 le448 04874 06691 23
33 04736 346478 1s412 04881 04708 U
34 04776 34545 "7 l.38) 0.838 De?.% "
35 0.813 24309 14352 0e894 00740 o
36 048595 34673 1e325 04901 06755 P
37 04879 3.731 14300 0.907 00769 2§
38 0907 3.780 1,279 0e911 Qe 78L ~"1
39 0937 3e82¢ le262 04915 Oei9¢ S
40 04976 3,861 14238 04920 04608
41 1.003 3,933 1,217 04925 04822
L 14039 3.979 14199 0e929 0e834
43 14061 44014 l.186 0+932 0e343
o4 14097 44069 14175 04935 04851
. 45 1e114 40082 14163 04938 04860
46 Tel47 4¢130 1.147 04942 0.872
47 16177 4162 14137 04946 04880
48 14205 4e1%6 1.127 Ce949 04887
49 _le232 4,221 14119 0+951 04894 X
50 14276 44265 14105 04956 04905 Peh
51 1320 4¢303 __10_096 04960 0e913 7y
52 1.356 44340 1J986 Ve964 Ge921 A
53 1389 40371 l.078 0967 0¢928 A
54 1e439 4e409 14066 0+970 0938 i
55 14680 44439 le056 0e272 0e 947 sz
56 14527 44669 1.048 0e9%5 00955 o
57 1574 __ %501 1.039 06972 00963 L.
58 1e626 44534 1,033 04982 04968 Ty
59 1,673 44561 1.028 04985 00973 o
60 1.716 44580 14025 00988 04976 .
61 1,778 44615 14019 04993 04981 i
62 1.811 4,628 1.016 0.994 04984 NN
63 14846 _ 40662 _1e012 06995 04988 .
[ 1.885 4661 14005 04996 00995 |
65 14920 40669 14003 00996 06997 e
66 14959 44685 1.000 0e998 1.000 e
67 14990 44692 1000 10000 10000 o
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TABLE 1(b)(CONT.)
Run 12195 X = 45,25 inches Reg, = 19211
Po = 75.0 psia T, = 149.4 °R §* = 0,465 inch
TO = 783.2 °R U, = 2759 ft/sec 8 = 0,0771 inch
Tw = 514 °R M, = 4.60
No, Y(inches) M T/T, U/U, p/Pm
1 O Oe 32440 Qe 04291
2 04009 04806 3e2¢40 0e314 0e311
.3 0e014 14150 20981 0s431 04335
4 0.016 1284 TTZVE82T 7T 04473 04347
5 04021 le412 2815 Qe514 04355
6 04026 14503 24778 0544 0360
7 04034 14635 24688 0e582 0e372
8 e 0bd 1e762 24502 0eb12 0390
9 04046 le783 Le542 06617 0e393
10 04049 <809 24515 06623 04398
11 04061 14906 24422 0ebb4 0e413
12 04069 10931 24399 Je649 Qe&l?
13 0.084 1998 24338 0¢663 0e428
14 Uel101 24062 24280 06676 00439
15 06119 20130 20228 04691 Qe b9
16 0+136 2418 ZoABET 7T QeT12 00457
17 0154 24265 20156 06722 Qe bbb
18 Oel74 24337 24103 06736 Qe&a?5
19 00191 2402 24057 0e748 0486
20 06204 Ze446 20026 0e756 0e 494
21 Ce224 24515 14979 0.768 04505
22 0+241 26575 1s937 ° T Ue778 VeS16
23 04259 24639 1893 04788 0e528
24 0.276 24701 14851 0e798 0e540
25 04294 2758 1813 04806 0e552
26 04309 24797 le7¢9 06812 04559
27 0.319 20835 lel64 0817 04567
28 04336 24888 14730 0825 04578
29 06346 24921 1s710 04829 0585
30 Q374 24989 16672 08139 0e598
31 06409 3499% le612 00853 0621
32 0436 3e180 Le504 0863 0639
33 00461 34235 _ledd4 0870 0e65¢
34 06486 34297 1502 0877 04666
35 04513 3365 le467 0e885 0e68L
36 04558 36476 lebll 00897 0709
37 04601 34571 1368 0907 00731
38 0e643 34659 1329 06916 0e75¢2
39 00668 2710 le308 0921 06765
40 0696 36761 14286 7777 7 0e926 06777
41 0721 3.811 16255 0e931 0790
42 04738 34863 le2b2 0e934 0799
43 00763 34889 le233 00938 VeBll
44 0.783 34916 16223 0941 06817
45 00805 30956 _1e209 _ 0e944 0827
46 0.833 34997 16194 06948 04839
47 04858 44033 1s18¢ 0951 0e847
48 04886 4e Q74 le165 0+955 0e858
_49 0911 44106 lelb4 00958 0eB67
50 04946 4e146 le139 0061 0878
51 04985 40192 1e124 0s9%5 04890
52 1.028 4e237 1.110 0096% 04901
53 109065 4e276 1097 04973 Je911
54 le12C 44323 1.082 06976 06924
55 1el75 40364 14069 0980 093>
56 1,245 4etl3 le0b% 0e984 0e948
57 10305 44523 14941 0986 0961
58 1.360 42480 140317 77 0.988 04970
59 1e470 44522 1.01% 069913 0e984
60 14517 4e540 1.012 04992 04988
61 14560 44551 1.012 0e59"% C.988
62 1.€10 4e564 1009 099> 0952
63 14657 4e574 1005 ___0e996 00995
64 1705 4e579 14003 0996 0997
65 1.817 44592 0998 0«976 1002
66 1.890 4e598 04999 0998 1+001
67 le90% 44605 1000 1000 14000
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TABLE 1(c) (CONT.)

Run 12194 X = 45.25 inches Ree = 36760
Po = 149,1 psia T, = 138.3 °R 6% = 0,410 inch
TO = 749.6 °R U, = 2710 ft/sec ¢ = 0,0726 inch
TV = 523 *R M, = 4,71
No,  Y(inches) ¥ T/Ty U/U, P/Pe
1 Oe . 3e7462 Qe GedO
2 04009 00995 30320 00385 0e 304
3 _...Ue012 le101 30239 Oetsl2 0e309
4 04017 le388 "ée9bb 06510 0e335
5 04019 let2b 20966 0sd22 00337
6 00027 leb8< Ce753 06596 0e 362
7 06034 1e785 24686 Qeb22 06374
8 04039 1.886 24583 0e645 0e387
9 ..0e049 1967 _  _ 24504 0e662 00399
10 00057 22055 Leb22 0680 Qebld
11 04072 20148 Ce3b4 00696 [T E]
12 04085 25181 ¢o3¢} 0707 0e43l
13 04097 20225 20284 06715 Qo438
14 04107 20267 20248 00723 Oohbd
A5 Q120 2337 20190 . Q0e736 Qe h57
16 06125 20367 24165 06741 0e462
17 0155 20489 20069 06762 Qe b3
18 0s188 24602 14978 04778 06506
19 00208 24687 Le918 06791 Qeb2i
20 0223 24762 1.866 00803 0536
21 na241 2811 le824 0810 Qo545
22 0276 24952 1e742 04828 0574
23 06304 3.0% le675 0e841 06597
24 G337 3el4d lebc2 0853 0e617
25 06357 36215 led84 0861 0e631
26 0e433 30430 le471 [ 211 1] 0e 680
27 04468 36905 . les34 Qo893 0e698
28 Qo544 34687 le346 0e910 OeT43
29 06569 36748 le318 Qo915 06759
30 0e594 34799 1e295 00920 06772
31 00639 3.887 le259 0928 0794
32 0.670 30954 1230 00633 0e813
33 00715 4e028 1e199 0e538 00834
36 06753 %e0b7 1e177 0e943 Je850
35 Oe786 4elad le160 Qe947 Qe 62
36 04813 40168 l:109 06920 Oe871
37 04856 40222 leli 0e954 0.886
38 0874 4.254 le117 04956 0895
39 04914 b4y 295 1s1064 00960 00906
40 06947 46331 le092 06963 0091
41 1.000 40369 1.082 06967 00924
42 1.136 4e479 le046 06974 00956
43 lel76 4e%09 le0s7 04977 Qe 96%
3 lett) Leb51 14036 00932 00994
L5 __le464 L0659 . le004 04993 06996
46 14504 40667 le002 06994 0998
&7 le 562 40675 l.000 0e994 14000
48 le58C 44683 04999 0996 140048
49, . . _1e607 be682 1+001 06996 0999
50 14640 40691 Qe 999 00997 le001
51 le681 40696 . 0998 Vo998 le00¢
52 14703 40699 06997 04998 10003
53 le789 4e701 le000 1+000 14000
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TABLE 1(d) (CONT.)
Run 12091 X = 57.25 inches Ra:e = 5080
P, = 14.4 psia T, = 143.0 *°R &% = 0,743 inch
'l‘o = 774.2 °R U, = 2754 ft/sec 6 = 0.109 inch
T, = 520 °R M, = 4.70
No. Y(inches) N T/TL U/U, o/Pu .
1 Oe O 3eb635 Qe 0e275 '
2 04009 06179 3eT40 Ge074 06267
. . 0014 Qo255 3e78% 04106 0e264
4 0e041 Qe kda 36777 00200 0265
5 04048 0e656 32704 06271 06266 -
6 00031 0¢709 ERYEL) 0el9¢ Q67
7 0033 Qe 757 30099 04310 06275 Q
8 0036 Oet<l 30043 06333 0e27
———-F 0s041 0e914 36557 Ce367 04281
10 06050 ls238 34333 Qe ke 04300 ;
11 06062 1309 36202 00499 0ellc
12 04070 le386 3e130 04522 0320
13 04075 letd? 26024 Oed40 Oesc?
14 00092 lebe? 30012 0e564 Qe33¢
15 0.101 1599 2e944 04584 0e340
16 Oelll le640 24902 06595 0e345
17 06126 le71l4 4e843 0613 0e3b4 J
18 04140 le750 2o 784 06622 06359
19 Oeléa? 1.789 Ce743 0eb631 0e365 %
20 0152 1+803 20728 04634 00367 :
21 | 0el167 lebae 240697 Qe649 0e371L
22 06179 leg?L Leb26 De649 0e377
23 0el94 le908 L0118 0657 0e38¢
24 04203 1e944 Ze580 0eb65 0388
25 06223 1.986 24538 0eb674 0394
26 06237 24015 24509 04680 03599
27 . Ne252 24059 2e466 Ce688 06406
28 Je274 24098 20428 00696 Debl2
29 0e28¢ 26122 20406 0701 Qe&ld
30 Oe3NL Z2eldd 20372 0e¢708 Qeb2e
-1 0305 Zelol PYELLY 0e713 0e427 !
32 04318 26242 20311 0719 0e433
33 0330 24257 20280 0e725 0439 '
34 0.342 24274 20264 0¢728 Oe b4l
35 06359 2e313 £e230 0e735 Qe bibets .
36 0373 2e348 £el00 Qo741 [ 327 f
37 Oe382 20333 delll 02739 [/ I3 i
38 04398 20404 Lel32 Qo751 0e 46> i
- -39 LICY ¢ . 2edse Zele9 0e756 0e470 |
40 Qo34 20466 20104 0761 Qe&?5 '
H1 Qebb} 24503 24073 06767 (1 7%%-74 '
42 04456 24526 24057 04771 04486 !
43 0480 20560 24032 06777 00492 i
b 0e495 2a 588 <e 009 0e781 Ve 90 ;
&5 .. 0ed9y Zeoclt 16978 0787 0ed006 '
46 0eb12 24650 16957 0e791 Oedll )
47 Qed24 ZebHB le934 0796 Q517 i
48 00531 2719 1e910 04800 06523 i
49 0e543 20740 14896 0803 0527 .
50 0550 20775 1872 0808 0534 i
e Sk 00568 24810 le866 04813 Oe54e "
52 00592 2e84sb leB¢H 00818 Qo548
53 0e599 24877 1800 0822 06556 1
56 04616 20909 1779 0826 0eb6¢ ]
55 00629 24938 1760 04830 0e568 !
56 00646 20960 1e747 00833 Qeb73 f
DT . 06658 _ 20991 le727 0837 0579 . ‘
8 04670 34031 10701 0e842 04588 i
59 0689 34067 lst80 00846 0595 {
60 0704 3e094 le0b3 00849 00601 |
61 0a718 36145 lebb4h Q0853 Qs608 ,
62 0e73> 34126 1e046 00857 Ueb1> H
62 06750 34194 _ lebQe 0e861 00624 . ]
64 04769 30229 1e584 04865 00634 .
65 0784 3263 leb64 04869 00639 |
66 0799 36291 1e548 00872 0eb46 3
67 0813 36320 leb3] 0875 0063
[-1] Ce825 34348 led16 00878 00660
.69 0,839, 34377 e300 04880 00667
10 Qele? 30398 leu9 Qelb3 Qe071
n 0+867 36419 le4b0 0e885 00676
72 04879 30451 lebb3 0889 Qebbs
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TABLE 1(e) (CONT.)

Run 12091 (Cont‘'d)
¥o,  Y(inohes) u /1, v/0, #/pg
13 00896 34484 le467 0.892 06691
7% 04920 34516 16434 00896 0698
. —T5 0e925 34536 _. . le4e3 04898 04703
76 00937 34566 1408 04901 0710
77 06952 o990 16396 00903 Qe717
78 04966 34613 le386 0905 0e72¢
79 06976 34640 Le371 00907 00730
80 04991 3.667 1357 00910 00737
— 8l 16003 _______3.684____. _1.350 04911 074l
82 1,015 3,710 1337 06913 0e748
83 14032 34733 1e327 06916 06753
84 1.046 3,759 1.316 04918 00760
85 14059 34785 14304 06920 0767
86 1.076 34811 le296 0923 00773
—a 1090 30833 __ledot . 04925 0e778
88 1,107 34856 1e276 0e927 0e784
89 1.119 3.878 1.266 0.929 04790
90 14136 34903 14255 04931 06797
91 14151 3.928 1e264 0933 0804
92 14165 34933 le233 0930 06811
93 10180 3e974 le224 00936 0817
94 14190 34986 1e219 06937 00820
95 1e206 44005 14232 04938 00825
96 1.216 40026 1,203 04940 00831 :
97 14229 44038 16199 06941 00834
98 1s243 44063 1.189 06563 00861
99 16258 _ 44075 __ lelbs 0945 00846
100 14272 %0096 1.178 04946 0849
101 1289 4elll 10173 06948 00853
102 14304 40129 1e167 06949 00857
103 le31e 46150 1el59 06951 06863 .
106 1.333 4e165 lelb4 06952 04867 N
105 12348, 40185 _ lel46 04954 04872 ¢
106 1.362 46200 lel4} 06955 04876 3
‘107 14374 4e221 1e334 00957 0,882 3
108 14391 40232 lel3s0 0958 00885 :
109 ... lek04 bol49 lelcé 0959 Qe Y0 H
110 14421 44264 1e119 04960 06893 :
111 1.633 4275 . lells 06961 00896 3
112 14462 %4300 1.108 06964 0903 B
113 1491 44333 1,097 04966 04911 :
114 14525 40357 1.090 04969 06917 ;
115 14554 44382 1,084 04971 0e923 ;
116 le581 40404 1,078 04973 06928 E
oz 10603 4.413 14076 04974 04930 f
118 1le625 bebd9 1070 06976 0e934% —T
19 14649 4eke39 1.067 06976 06937 p
120 14673 botbl 1.060 00977 0e944 B
122 14700 Le4T1 1,057 04978 06946 N
122 1.727 40486 14056 06981 06947 H
123 1e751 40496 1.0 0983 06949 <
126 1.778 %e512 1,050 0e98% 04952 H
125 14804 4ed18 14048 0984 00954 ¢
126 14826 40529 le04s 04985 00958 %
127 14858 4e563 le051 04987 00961 &
- 128 14885 40555 14038 00988 06963 §r
2909, Jbed74 . 1e033 00990 00968 -
130 1.933 4e583 14031 04991 04970 %
131 1962 42598 14027 0.992 00973 %
132 10982 40607 14025 04993 00976 2
133 24008 4e615 1023 0993 04978 *
. 134 24028 LY -rs 1s020 00994 0e981 N
¢ _A35 24055 40636 14016 06995 0984 K
\ 136 2255 &e697 14000 14000 14000 =
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TABLE 1(f) (CONT.)
Run 12902 X = 57,25 inches Reg = 21798
P, = 75.7 paia T, = 140.9 °R §* » 0.672 inch
‘l'o = 781.6 °R U, = 2775 ft/sec 8 = 0,0935 inch
T, = 520 °R N, = 4.7
o, Y(inches) | /1, U/U, o/pm
2 Oe b 34691 Qe 0271
3 04015 00948 34409 0e367 Qe293
3 0022 30_335 3106 D2b94 Qe32¢
“ 0027 Te308 ™ 7 " 34113 Qe¥ls Qe3el
5 06032 lebkt 30105 Qo530 Qe32¢
[ 04037 le492 34060 Q567 04327
7 06042 1520 ETY L) 0556 0329
8 04050 14582 20978 0eb72 Q0336
e 06060 | . leblb 40930 Oedd3 Qe 34l
10 0065 leb49 24902 0589 Qe3>
11 0.070 14680 rxy 1.1 0e597 Qe34Y
12 0.082 1729 ce8i7 00608 Qe35d
13 04090 le767 Lo 176 0617 0360
14 00100 1797 CoT45 Oeb24 Qe366
—l8_ 0a129___._ 14877 . 24676 Qebbd Q3746
16 0el62 10962 24600 04663 Qe385
17 0el69 16995 Ce569 04670 Qe38Y
18 00194 26062 2e510 0685 Q0398
19 00227 20162 24420 0705 Gebll
20 0e231 20169 Lobrlls 00707 Neblée
——2] 00254 20268, | 24343 Oe721 Oobs?
22 06271 20287 24310 00729 0e432
23 00309 20391 20226 OeT48 Qo9
24 00321 20435 24190 0756 Qes57
25 00333 20456 Zel76 0760 Qe b0
26 0e346 24500 2ela0 06767 Qebb67
21 Q0368 —ledb6 . £¢103 Q776 Qeb?>
28 0e398 20612 Ce002 OeT84 Qe 87
29 0e423 20677 20003 00794 Qe 499
30 Qo433 20714 1e974 00800 0507
31 0eé55 26758 le943 0806 00515
32 Oeb83 20830 1.892 0e816 0.529
33 [ FY.Y.1.] . Qe8hb letb2 0818 00531
34 0e518 20948 le8o1 0828 Qo546
. .. 35 0530 o947 leBll Oallde Qeud¢
36 Qb7 20992 leTo2 0838 Qo504
37 0575 30031 16759 0s043 06569
as 04580 30065 1737 0847 00576
39 Qe592 30107 14709 00852 0e585
40 0605 30133 le6946 0855 0590
41 06607 3elsl 1689 0856 0e59¢
42 Qeb6b? 36233 lebob 0867 00612
X ] 0659 36261 14618 0870 0018
o6 0689 36321 ledlb 0877 0e631
45 04692 34330 10379 0.877 Qe633
&6 Qo724 34398 le5%2 0885 Qo608
_ b7 06739 3043l 1525 0388 0656
48 0779 34515 1e482 00897 06675
49 00789 34532 leb75 0899 0678
56 0826 34608 1438 00907 00695
51 04663 34681 _ 14406 0c915 0e711
52 0928 Fe192 7777 1e3597 00926 00737
53 0985 Jeli35 le3dl0 00935 0763
56 1013 30953 le2Y4 0e938 Qo773
55 14080 Lo 0kl le246 0e947 0«80¢
56 1120 44100 1223 0951 0,817
57 152 40142 14207 00956 0+828
58 1199 “e20Q< P 1) 00959 Qe840
59 1e262 4249 a * 06962 0e858
60 1le294 40299 lelas 0e9L6 0871
61 1e32¢ 40332 lel36 0968 00880
62 le34b6 be3d8 leldb 00970 O+888
63 14386 40398 1el12 04972 00899
1) 1e421 LYY ) 14101 0974 0908
65 leb78 Lol 14092 04976 0916
66 1508 bob78 le082 06927 00923
67 le543 44510 le072 0979 00935
68 1e568 hedib 1063 0940 Qo941
69 1575 %e53k 1066 _  0e980 0s940
70 1.607 %o 54T 14059 0e9¥1 Qo946
71 14612 40561 14054 04982 0o 949
72 }s625 3261 1054 0:98¢ 0s948
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TABLE 1(g )(CONT.)
Run 12092 (Cont'd)
. No. _ Y(inches) ¥ /T v/u, p/ra
13 14662 40589 1.045 0e984 00956
74 14675 44588 16047 06984 00955 :
e 0916692 44606 14042 04986 00960
76 le716 40608 16043 00987 00929
. 77 16742 40622 1042 04989 04960
78 16754 40635 14039 00991 00963
79 14787 40642 le04l 00993 00951
80 14819 40667 14034 0e995 00907
e 8) . _leBGb _____ 4e672 _ . 14033 04996 00968
82 14866 40690 1e0c7 04997 U974
83 14891 4a69L 14025 04997 06976
84 14906 4e702 Le023 00997 00977
85 1.919 44709 14021 06993 00979
86 14963 44720 14017 00998 o985
s BT _1e983 _ _ . 4731 1014 00999 04986
88 20023 Ge 742 le010 00999 00990
89 2,090 4eT58 14004 1.000 00996
90 24125 40769 1000 1.000 14200
o
% ¥
3
s [
, 2
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TABLE 1(h) (CONT.)
i Run 2021 X = 57.25 inches Rey = 37367
f{’ Po = 150.9 T, = 131.0 °*R §* = 0.584 inch
'l‘o = 749.3 *R b, = 2725 ft/sec 6 = 0.0781 inch
3 T, = 520 °R M_ = 4.86

e

4
¥ No. Y(inches) ¥ /T, U/U, p/Pa
34
1K 1 Ge Qe 34968 Qe Qe25¢
i 2 04009 le0b2 34606 04398 00290
A 3 04020 14293 34285 0+48% 0e30%
AN 4 04025 14339 30287 54500 0¢30%
in 5 0+042 1590 3¢101 04576 00322
I 6 0e061 14769 o896 04620 Qedbb
15 7 04080 l.881 24780 Qe 646 0360
p o 8 04096 14963 e 698 0eb64 0e371
312 9 Qello 24095 €e628 _  0e673 04376
10 0e121 24041 2e623 04680 0e382
k3 11 0el32 24070 24596 0687 24385
'; 12 0.153 24127 24556 04700 04391
3 :} 13 0e172 24222 24466 04718 04406
k] % 14 06227 2e340 o326 0e747 Oek30
<3 15 06303 24531 Ce203 0773 Ve 454
Y] 16 00306 24610 <el133 0e 78> 004069
N 17 Qo322 24660 2093 Q793 [ 1Y ()
3 18 Qedbb 20732 24038 04803 0491
4 19 04360 2477 24007 04809 04498
: 20 06377 24839 14959 04818 04511
? 21 Q0401 24893 1.921 06826 04521
22 06420 24943 To4066 00832 0s530
23 04439 20999 letia7 04839 Oebul
2% Qe 4bt 34074 14797 06848 00557
25 Qo488 34139 L1755 04856 0s570
26 06510 34188 le724 09862 04580
27 Qe526 30233 _1leb96 0.867 0590
28 04548 3,299 14657 04874 04603
29 06567 34342 14632 04879 04613
30 Q6589 3,388 10605 Oetite 0e623
31 0608 34443 lebT74 04889 06635
32 0e641 34502 Llene3 00896 0eb48
33 Q4649 34550 le516 04900 06660
3% 0673 3.600 Le4b9 04904 0e67¢
. a5 i 04698 34662 le456 06910 06687
36 QeT17 34701 le437 06913 06696
37 06739 34743 1e4l? 06917 04706
38 0758 34769 1,405 04920 Oe71e
39 Qe 780 34810 le38b 00923 0e72¢
%0 04793 348641 14371 00926 0s729
41 04818 3,893 PRTY 00930 Oe703
42 04837 34921 14334 0e932 04750
43 00856 3.967 14313 00936 0e761
46 04875 3.988 1e3C5 04938 0s766
45 0894 40024 .1e269 0940 0s776
46 06910 44059 1e274 0943 0e78%
. 47 06945 44100 14258 06947 04795
48 00991 Holck le267 Qo4 0e30¢
_49__ . _0.976 4e101 le252 0.95i Oe8lc
50 0995 45179 le245 0902 0e816
51 leQl& 4213 . ._"_102_12__ 00955 Qe82>
S2 1036 40233 14205 04957 06830
53 1055 40263 lel19% 0e95% 04837
54 1.076 44297 lel81 0961 Qo847
.55 1098 4e327 16169 06963 06855
56 1el20 be30b lel6s 06965 04859
57 14139 40374 16193 . 00967 00867
58 1155 o396 1elded 09068 Qe 74
59 14177 Lobl? 1le137 0970 04880
60 1199 be425 16135 04971 0881
61 1e221 GobTh 1.118 06974 04895
62 10262 40492 lelll 04975 06900
63 14264 40509 __1el06 06976 04905
6% 1+283 Ge5d5 feldo™ ™~ 06977 06909
65 16302 LYS-L1 1e093 06979 0e91>
66 1e326 40557 14090 04980 00917
67 143643 44578 leGut 06981 00923
68 16362 44599 10077 04583 00928
69 1379 40612 1073 06984 00932
70 1e400 44625 1e066  ° 0984 00936
71 1e419 beb38 14065 049385 0939 =
72 Le439 40659 1028 00987 094> &
13
g
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TABLE 1(i) (CONT.)

2021 (Cont'd)

No.

Y(inches)

/T,

/v,

ole,

1e458
16477
. _leb98__
14520
leb34
Lebbl
le583
14605
1.901

Hobbb
4e669
40692
40695
44700
Hel2b
44248
¢ 770
7.4857

l1e056
14056
1a049
1eQ49
le0®7
16039
o031
Le0c2
1000

0987
00988
£e989
02990
0990
0,992
0993
04994
1.000

Qe 947
0e 947
06953
0e956
06955
[ 2574
04970
0e970
1.000
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gt (3
a1 TABLE 1(j )(CONT.)
3
i Run 3141 X = 57.25 inches Re, = 19213
4 P, = 75.1 psia T, = 187.0 °R §* = 0.656 inch
3 T, = 1022.8 °R U, = 3169 ft/sec 6 = 0.124 inch
‘: i‘; " S517.5°R M, = 4,73
Ies
it
% ¥o. Y(inches) | | T/T, U/Uy 0/Pa
A 1 0000 04000 PISTY 04000 Oe3dta ,
b ,‘Z 2 0009 Qa2 LotdY Qeloby 06350
c}? 3 06014 Qe 76> 20807 Cel71 Qesd0
B b 04040 Qe 94y 4eToe 0e303 022y
335 E] 04030 lelot LebYY Qelrtso Qeals
a8 6 0s061 1e439 o602 0e497 0e370
Ely 7 0e049 le48l o574 0e526 04389
il [ ] 04068 10669 20487 06557 0e402
k- 9 04079 le71¥ Lotn] Vedon 0oy
2 10 Qe 050 Lel>7 Coltlte el Qetele
48 11 00103 le 788 o3 Oedb3> Ueble
k- 12 04316 14840 £e376 06593 Vewst
< 13 0e133 let76 o335 Ved0O Velrco
35 14 Uelhb 1.909 24308 Oeblé Qo3
Fl: 15 04159 1e953 cel?7 Vo623 00439
HA - 16 06194 26065 24211 0e643 0e452
Eic 17 04216 24109 20173 0e658 06460
3 18 0el35 2010664 Celst Ueb69 Ve 4dY
I 19 0e253 ZellB Ze0Y4 0679 Ve boT8
i 20 06278 2esle ¢~027 Veb09 Os4a0
Bl 21 0e296 o3V o040 059> Ve b0 .
A 22 0e318 2e370 Leyu7 0e709 Vedu> |
bl 23 0339 2e032 16950 UeT19 Oebl> !
,}? 24 06358 26477 14922 0e727 00520
38 25 04385 2eD36 ledoo 0e730 Veb30
44 26 0406 2997 Letind 0e746 Qed4c
Bt - 27 0e431 24659 Leb06 0e756 Oebd4
£3 48 0649 csb99 leTus 0eT0c Ved0L
il 29 06517 24860 1e689 0.786 0e59¢
iy 30 0543 20925 teo23 0e790 Q002 .
48] 31 04568 20980 lebc8 0e80% Oeble )
14 32 04600 34060 1s206 0e815 Oeb3a
; 33 04632 3eled 14350 el 0eb4d ;
- 34 04653 el le3¢6 Qo0 Veb22
3 35 04678 Seslcc Le206 o836 0eb60%
L1 36 060699 3edT2 letn3 Qotsées Ueb74
35 37 0e743 ETEETS Le4d6 Q8850 Voo .
il 38 0761 304006 Lebsd 00950 0eT0¢ :
s 39 0,812 34492 14393 0.872 04718 '
gz 40 0847 34562 14363 00880 0e73%
e 41 04882 34622 14339 0.887 Qo747
3B 42 Me9ll 3681 Ledl> Qed9> VeT00 .
E 1< 43 Qo944 3ela06 lecy> 0e8Y9 0e77¢
gt & 0e9B1 3e790 le271 0e90> Qo787 v
: 45 1.019 34856 14249 06912 0e80L !
L 46 14048 34905 1.231 0e917 Oe8lc
i &7 14099 34952 1.216 00922 0.822
M “8 lell10 34996 14198 06925 04835 }
: 9 14140 40033 1el86 04929 Vet .
N 50 1169 0080 lel70 00933 VedD> !
- d 51 14199 4e106 14163 04930 00860 !
2 52 1e217 40128 lelds 06938 0.866 !
i 53 1252 %e170 lelas 0oy Ves 7> U
o 54 14282 “e196 kels? Ge9u? Ves7Y .
a8 - 55 1.311 4e23¢2 lele3 Vo969 04890 :
o 56 16352 “el17 1.106 0952 Vo904 i
B 57 14392 “e312 1.098 0e956 Vo914 '
58 lek30 4edal 1.006 06958 00920
: 59 Lelbh o373 14000 0e901 UeYlo
3 60 16515 Getsly 1.068 00966 ve930
¢ 61 le958 bolitd 1.062 00969 UeGhe
“ 62 1599 Lo Y9 1600 06973 Ve 95>
354 63 14636 4ed31 14008 04977 06960 1
3K -1 14682 44592 1,022 04982 0.978
z 65 le714 40621 1,015 04985 04985
3N 66 1e747 hob6l 1.011 Ve987 Ue9bY
i3 67 14787 44653 14008 [T Ve9Ye
IR0 68 1e83> 4e070 10006 06991 Ue9Ye
2H 69 1.873 be00H 14004 Ve993 Ve 990
48 70 1.916 o693 1004 0499% 04996
) 71 14940 40695 14004 00995 06996
Fi: 12 10967 40703 14003 04997 04997
iH 13 24007 e 715 1.002 04998 00998
23 T6 24085 bellc 1.004 00999 0e990
: 75 26075 hole? 1000 ls000 le0UL
N
£
<
:
K
3
L k2 -
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TABLE 1(k) (CONT.)
Pun 3142 X = 57.25 inches Rl' = 17004
Po = 75.4 psie T, = 216.7 °R &% = 0.659 inch
To = 1175.8 °R U, = 3395 ft/sec 0 = 0.134 inch
Ty ™ 519.0 °R M, = 4.70
_r!?. 'f(ﬂlch..) /5, U/q.. /0y
1 Os Qe 24395 O¢ Qeblt
2 0.014 Ge531 22617 Q.183 0e382
3 0.017 0eb39 2e62T 0220 00331
D 0019 0s50% 2259 0e274 Oe386
5 06025 l.008 20568 06343 0e349
[ 00027 1e173 20497 0e394 0e40!L
7 00035 1362 2e4b3 0e455 Q406
8 0,044 147} 2410 0e492 [ 21 H]
9 05049 31a563 20404 04515 0e4l6
10 0,037 Ia544 2e364 00531 Oeb2s
11 04068 14698 22312 06569 [ I X E]
12 04081 14738 L0289 04559 Ve 437
13 0,092 1,789 20269 Qo506 Oekebl
16 04103 1800 24251 0574 Oelelets
.15 0.116 14832 20241 0e583 Qe bk
16 0,226 14878 26214 0594 0e452
17 Qel43 1,928 24180 04605 0e459
i8 04164 14976 2elb5 0617 [PXT13
R 19 00183 2037 Zellb 0630 0e&73
20 06202 20097 24077 Y662 0s48l
21 ._0e236 2173 24031 20658 0049¢
2c 0+26} 24229 1,998 Je670 00500
23 0,277 24284 3e%0s 04680 06510
24 0.296 20342 10922 04691 06520
25 0e315 2389 1.895 04699 06528
26 06344 24456 1,857 0e711 06539
27 . . _0s363 20505 _lete9 0720 0e567
28 0385 2e554 1,805 0729 Qo554
29 0419 24627 le768 QeT43 00566
30 Qekb62 24699 1e735 Ce756 Qo576
31 06476 26764 1.694 06765 0¢59G
32 Ce527 24875 le634 07812 0612
33 Cs564 20968 1.585 0794 00631
34 0e594 EXDER] o554 04803 00646
35 00621 3.089 16527 0e811 00655
36 06465 3elub 1e500 06819 04666
37 06672 34193 lets0 Oe826 0676
38 0e70C4 34260 lebb0 00835 0e 689
39 0731 34318 . le425 Ce842 04702
40 0761 3,378 2.400 06849 0e714
41 06782 34411 le386 0.854 0.722
42 0.820 34482 l.358 04863 0736
43 0+860 3546 1332 0.870 0e751
L4 0900 34616 le306 Qe878 0s766
] 0959 36716 _ 1e271 04890 04787
46 1008 3788 le 246 0899 0e80¢
“7 1.040 3.848 le224 0905 0+817
48 14106 3.928 le199 0e914 06834
45 ... 1le153 3.990 lel79 0.921 0848
50 1,196 440640 lelb3 02927 0e860
51 1.222 44081 1s152 04931 04868
52 1,263 4el)7 lelb2 0935 0e875
53 1.303 bel1b6 1e127 04940 06887
54 1.330 4e195 1.119 0e943 00894
55 1e37¢ Le2bb 14105 0.948 0+905
56 1,410 40286 1,093 0e952 0e915
57 le451 6e312 . _l.087 06956 0920
58 le4B6 Le343 1.079 06959 0e927
59 14518 40365 1.075 0e962 06931
60 1e566 be 406 14065 06967 0093y
61 14596 Lokl 1,063 04969 0e940
62 14631 4ot39 1,061 06972 0e942
63 1,668 4s 470 14055 04976 0+948
[1] 1.700 Hel94 1,048 04978 00954
65 1.730 4e521 14041 00981 00961
66 16762 4554 14052 0983 0e969
67 1.802 40606 14016 0987 06984
68 1,865 beb32 .01 04990 00989
69 14883 40649 1,007 _ 04992 00993
70 1.918 4660 Te005 7 06993 00995
R 71 1966 40672 1.004 06995 0e996
72 2.007 40678 1.0064 06997 00596
73 20061 44698 04999 0.998 le002
T4 24068 40704 04999 0999 lecol
. 15 2,101 4e704 1.000 14000 14000
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TABLE 1(£) (CONT.)

[

NOLTR 69-106

Run 12292 X = 69,25 inches Rey = 6580
P,= 14.1 psia T, = 112.3 *°R &* = ,930 inch
Ty = 608.1 *R U, = 2441 ft/sec 8 = ,6982
T, ™ 526 °R M, = 4.70
Fo.  Y(inches) ] /T, /v, o/0a
1l Oe Qe LXY-1-19 Qe Qe2)e
2 06017 00292 44616 0el3s 06217
_ 3 _._ 06023 _ 0626 “ed36 Oelié 00420
4 0029 0488 4e499 06220 Qecec
S 04037 0e030 ®ed0¢ Qecol Qesco
6 04050 0876 4el130 04379 [\PYLYA
7 04073 14188 3.773 06491 026>
8 04094 14395 3907 04558 0e28>
) Oellb 1e473 34002 0.578 06294
10 0139 1e582 34262 06608 0+3¢7
11 0e165 1e647 34190 04626 0e315
12 0e223 l«7706 3¢0¢6 0657 Qe330
13 04270 1892 20887 Oeblt Co34b
14 0e315 1e9¢3 20852 Qe691 0e351
I 3 I . 0331 1977 26790 0703 0e3bd
16 04367 24011 24753 04710 0¢363
17 04385 20095 20662 00727 04376
18 04404 20167 24607 0738 0384
19 0e431 2164 <569 0745 0e389
20 0es70 20267 o506 0e757 0639y
21 ___0ea98 . 4edY9 Lotdd 0e760 VebLt
2 0e5¢3 o304 o399 06776 Qebl?
23 00565 2etslt 20336 0.786 Qete28
26 0581 2eb49 20305 0792 Q43
25 04603 20489 24269 04798 Qetanl
26 04622 24532 20231 0805 Oettel
_ e 04639 24573 cel9. 0811 0e456
28 0e683 2e0DY cell0 VeBed UekeT4
29 04713 2750 €e037 Oe833 Oe bbb
30 0eT62 201067 o020 0838 Qe 494
31 04790 20820 1e957 0¢850 Oebl1
32 0822 24922 14905 0.858 0525
—— 33 0e864 ___ 34004 lebies 868 042
34 09540 3eld00 1e738 0s385 0e575
35 04963 34203 14705 0. 390 D58
36 14067 36323 lebss Je Y04 Oeble
37 lell? Sekshes 1e262 221,86 Qe &40
38 1o lbb 34511 1.921 OQeva2 0658
39_.__ .__lel8s 34587 1.478 0e928 06677
40 1.218 3eb61 lebss 0933 00690
41 10321 3+840 le326 0,951 Oe 754
42 14485 4e102 le224 06966 04817
43 16668 4ed3e lelbs 0e974 00850
' Le72> 4elT8 lelz0 00976 00869
_ 5 _2e085 _ _Ged9> 1le034 Ce994 Ve 967
46 24326 44698 1+000 14000 14000
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- TABLE 1(m) (CONT.)
2
, Run 11221 X = 69.25 inches Re, = 280¢)
.; Po = 74.7 psia €, = 112.8 °R &* = ,708 inch
. 'l'o = 596.7 °R U, = 2411 ft/sec 6 = .0742 inch
T, = 530 °R M, « 4,63
¥o, Y(inches) ¥ T/T, v/o, 0/0n
1 Ce Oe 44699 Qs 06213
: 2 04010 06482 44518 00221 0s221
A 3 04012 | _ 04591 4e432 06269 04226
p:: . 4 0+016 00702 o331 04316 06231
3 5 0e017 Qe?le LYY} Qe 364 00235
. 6 04020 0872 4159 06384 0e241
= 7 0.021 06949 40060 06410 Qe24)
4 8 04024 06984 “e0<8 0e427 0e248
L - .Y (06026, . . _1e055 30946 04452 00253
Y. 10 00028 14091 34901 00465 00256
. : 11 04032 1e.30 20852 0e482 00260
. 12 04034 14205 30763 04505 00266
w Y 13 04040 16257 30690 0e521 0e272
<% 1 14 00063 14296 34636 0534 06275
N - 15 .—00071 16469 36387 0¢584 00295
-4 16 04095 1e559 Je2664 04608 04306
. 17 0e121 14637 34168 06629 04316
N 18 04142 10682 34113 04641 0.321
. M 19 Oel67 1e739 30045 0eb655 00328
A 20 06194 14801 24970 06670 04337
i .2l . 06245 _ __mlodﬂd 20876 00689 Qe 348
i 22 06248 1.933 20831 04702 00353
23 04274 24002 2o 42 04716 Oe3065
E 24 0.228 24138 20595 04743 C>38%
3 25 04355 25211 24521 04758 06397
; 26 00388 24287 Lol 06772 06409
3 2T _ 06312  2a306 o308 0e782 00419 |
v 28 0e448 PIYYLS ¢e301 00798 Qe3>
(3 29 06497 IS TY) celud 0e518 Oeteb8
e 30 0e527 20667 celtl 04830 Oets74
E: 3] 06575 24764 1.997 0+849 04501
Y 32 06610 24876 14924 0.861 04520 4
R 7 _ 33 .. Qebl9 20978 le847 0874 0e 541
E 36 00695 34096 1e762 06887 00557
35 06752 34202 1.663 04903 00601
36 00803 34345 1e297 06913 06626 ’
37 04835 Bete31 leb45 0e921 0e647 ;
N 38 04885 34520 1470 0e931 00677 :
2 . .3 Ce942 34676 1.407 06941 06711
40 04968 3.718 le38y 06945 04722 .
; 41 0997 34801 14343 04951 0e745 .
. 42 1,010 34815 1e355 06952 Qe 749 H
‘; 43 1.019 3e847 14319 0e954 0758 3
. 44 14096 3e983 ledd% 0e903 06797 P
. 1,230, _ 4ol 14173 06975 Oedds 5
" 46 14270 44218 14152 04977 04868 :
3 47 14323 40278 14128 00981 04887 %
. 2 48 14369 %320 1.111 00983 0900 3
} 49 10922 40365 10096 0986 06914 3
5 50 1.521 4oh39 10067 04990 00937 i
. S51__ ___ 1571 _ 4e69 1.057 06992 00947 :
o 2 14648 44510 1.062 06994 00959 P
53 L6732 4o dll 1¢031 04996 0970 3
3 56 1.809 40574 1.020 00997 04980 o
% 55 14859 4e587 le015 0998 00985 :
;. 56 24014 4eb10 1,006 00999 00994 :
. £ . 57 __24088__ _ 4eb2l 14004 14000 00996 X
i 58 2,132 40624 1,003 1000 00997 s
P 59 24191 629 1.001 1,000 00999 o
Y 60 20265 40632 14000 14000 14000 :
4 - B
b 3
A ) :
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TABLE 1(n) {CONT.)
Ruu 11283 X = 69,25 inches mo = 49430
P, = 148.7 psia T, = 107.1 *R §* = .64 inzh
T, = 573.5 °R U, = 2367 ft/sec 0 = .0625 inch
T, = 521 °R M, = 4.67
¥o. T(inches) /T, /U, 0/Pe
1 Oe Qe 4e957 Oe 0e20¢
2 00008 0e828 44305 0370 06230
3 04010 04949 eel78_ 06416 04239
4 04014 14076 %4008 Oetebe 04250
5 04016 1el32 34920 Gebbl 06250
p 6 Cen20 1e204 34851 04505 Qo251 .
i 7 04028 1338 34657 0e548 04273
% 8 0037 le%09 EXS-1-3% 0eb70 Qelba £
] 9 00045 12657 34499 Oedba 0e286 1%
£ 10 04054 1o 487 34467 04593 10288
a 11 04059 14587 34376 04625 00296 W
X 12 04083 10662 3.264 04636 04306 e
: 13 04098 1701 34186 06651 0e314 e
14 06127 le775 3091 04669 06326 &
N Bt 0e149 12826 3e0c7 0s680 00330 £
L. 16 00153 1865 o977 00690 06336 £
: 17 04196 1.988 ceu3d 0718 00353 &
3 18 0.218 24057 22760 06732 0436¢ L:g
< 19 04236 24106 24708 00743 00369 %
‘ 20 Ce265 24198 ¢ebll 0e761 0383 &7
NN 2} 00291 24263 o585 0e774 00393 £y
S 2z 04357 FZLEY) 24380 0680« 00420 i
4% 23 Q381 CalBb codeh [P} ¥ 0429 2
"; 24 Oel22 20611 26212 06832 Qelsbe 2
P 25 Ootts9 24700 24135 04845 0ekb8
M 26 04489 2e821 24031 04862 0e49¢
M 27 00532 20946 _  _ 14930 04877 Ge518
1k 28 0+584 34079 leB45 00896 00542
8 29 06606 3e142 14781 00899 00562
30 04638 34204 le75% 00905 0eb76
: 31 0705 30359 le633 0e9¢0 0e61<
N 32 0e817 3eb89 Lebosd 00947 06697
) . 33 0+868 34778 13586 04953 0e721
. 34 0e956 3929 1e310 00964 0e763
4 35 14002 40067 14252 04971 04798
36 14002 44051 14251 04971 00799 b
37 1,005 40047 1e269 04969 0e801 AR
. 38 1089 “el92 lelsl 04977 OeBbed £
a5 33 14150 4o28l lel42 00980 0eB70 .
< %0 1212 4e340 lell6 04983 00896 7
H 41 le314 Getey 1001 0e987 06925 3
g 42 14391 405006 14052 0e991 00950
- 43 le440 %4515 le048 0991 04954
4 14496 %0552 1036 04993 09565
+ 45 14554 40582 1,029 0.9 06975
3 [13 14681 64621 14012 04996 04988
: 47 14758 4eb32 1.008 00997 0099¢
4 48 14853 4e653 14003 00999 00997
A9, 1e521 | Gebd8 1.000 0998 1e000
1 3 50 14983 40648 14005 00999 00995
. 51 2406k 40666 _ 14000 14000 1000
L“ ﬁg’
'«
5
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o
B3
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]
4
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TABLE 1(0) (CONT.) ;
Run 12086 X = §9.25 inches Re, = 5030 :
P, = 14.7 pefa T, = 143,6 °x &* = .869 inch :
T, = 762 °x U, » 2726 ft/sec @ = .121 inch .
N 2
T, ™ 516 °r N, = 4.64 ;
0 __Y(iaches) ¥ /%o A, 0/0, H
L ————— S %
1 O Qe 34592 Oe Qo278 Iy
2 04013 0e232 3eT18 0,096 Oscoy %
3 00038 0304 L3708 Osl1¢6 Oecbo b
4 04032 0e519 3e812 0s21% 0s262 i
5 0s045 JeT86 30662 Qedih 0273 o
6 04052 00907 34571 00369 0s280
7 04065 1el153 30333 Ooh5h 04300
8 04081 le349 30129 Oeb5l4 0e320 £
__9_______0.0026___ R vy T 1 20904 0e593 0e33> ;
10 0eJ22 16602 24860 0584 04350 4
1 Oeléké 16697 24760 04608 0e36¢ ¢
12 Celbé le 759 CeTld Oebly Ce3b8 A
13 Oelbb le768 Leb36 0e62Y Qed%¢ bl
16 00193 14815 24638 00635 0e379 7
~d5. . 06220 1e668 20584 0667 0+387 i
04256 14920 24534 0,659 00395
17 04283 14980 24677 04672 0e404 %4
18 0317 24027 20633 0681 Onbll [
19 0343 20074 o390 069l Osble
20 0368 260126 o344 0s701 0e827 ;
2l 03387 <0169 Ze304 ae710 Oso3e i
2 Oe409 20199 20279 0e716 0e 639 %
23 043} 20237 o247 0e723 0sbb>
26 04455 2428% 24208 0:732 0:653 “3
25 Qo758 24319 2177 04738 0e459 &
26 0:694 26369 Celsh 0.746 Oehhy . Fe
—27 04516 2386 20142 00749 0ea7l -}
0538 dob b <eQb} Qe758 Qetis 47
29 06567 26491 o040 00767 0s490 ~
30 0+601 24550 14995 04777 0+501 N
2 0623 20564 1.970 04782 0e508 <
32 0e654 2661 le914 06793 0523 %
33 _.0e681_ 2,708 le881 0800 053¢
3% Ge71€ 2.768 14837 04809 0544
a5 Oe 759 Qe8cS Lo 794 0816 0e327
36 0778 24481 1e7% 04823 06569
37 0803 2e9¢8 le7c5 00829 Qo540
k1 0e827 20905 lebbl Os38 Oed9¢
.39 . 04851 34031 14660 0862 06802
40 0.878 3.082 le629 0s848 0ebls
41 06902 3el36 le598 OeliSh Oeb26
42 0,924 3e169 1e578 0e858 00638
43 049512 30246 le548 Oel6S [ IYYS
“h 04980 34273 le527 00872 0e65Y
45 1,012 34329 14501 0.879 00006
46 1,038 36379 lesb} OoBU> 0eb?5
o7 14057 3e433 lebda 0e892 Ocbly
48 14094 3e478 le433 0897 0s698
49 1ell8 3517 1a612 04901 0708
50 1150 2573 le388 0907 0e721
- el79 .. . 3e6¢d __ 14367 0913 Qe3¢
52 14206 3669 lo3k> 04917 0743
53 14237 Jel23 16320 06922 0e758
56 14276 34775 1299 04927 0770
55 1.301 3e818 le2y3 0e93¢ 0e779
56 14335 3869 1e263 0937 0e79¢
57 1,361 30917 16245 04961 0803 ;
£Y] Te391 30254 10247 Qo948 04815 A
59 leke2 30997 le2to 0e967 0e827 s
60 1s46) 4eJud lelv3 00952 T 28
62 14485 44073 4 T
62 10507 40101 12198 0354 Osusi 2
63 15568 40140 _1e161_ 0,962 0a861 N1
&4 Te573 %e170 11507 " " o966 04870
65 16592 “ol94 lel40 00965 06877 <
66 1e616 %0212 114 Ue967 0e88¢ :
67 1466) 4026} lel2h 06969 0090
68 le675 4s2064 leli7 0e971 0895
) Le699 $0294 lel08 _ Qo974 0e 903
70 16731 “e31% 1102 04976 04907
k23 14757 4o335 1e096 0e978 0s91¢
72 le784 45350 14062 0e980 0e9le
iy
e
1}
. . - ’ . .“- .
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e e i
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TABLE 1(p) (CONT.)
Run 12085 (Cont'd)
—
g ¥o.  Y(inckos) | /T, U/U, p/0u
"
73 14811 44370 14986 04982 0e921 -
74 14838 LY¥IH le082 00983 00924
3 75 14867 4e40) 10077 0985 00929
* 76 le889 Lol 1073 00987 Qe93c
; 77 1e943 YL LI 1067 0988 Qe938
-5 78 10957 Gohd4 14063 04990 00941 .
5i 79 1981 Lo leb9 1.058 06991 00945
i 80 24010 4ot 14057 0+992 00946
v 8l 20042 LY ) leUd]} 04994 0951
= a2 24068 445006 1e049 0994 0e955
83 Zell0 he>l0 le0u4 04995 Ue95b
86 | 2elb} He 530 je0Q6} 00996 Qe 961
85 20166 4eb37 16027 06996 0e 304
86 26197 LYY-L-] 10033 0995 0e968
87 24219 4o 546 1031 04995 04970
a8 24238 4e560 1045 0.995 06976
89 20260 UebTh 14019 04995 Qe 98
90 26513 Leb71 Q987 1000 le01>
91 20518 49620 GedY4 0999 100006
92 20532 HeoDl Oe9Y3 14000 10007
93 20545 hetD2 0+994 14000 14006
94 26552 Lo &0 0995 1000 100>
95 26566 HLe645 06998 14000 1004
96 24581 40639 14000 1000 1000
.
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TABLE 'I(q) {CONTL
Run 12085 X = 69,25 inches Rey = 23881 =
P, = 75.¢ psia T, = 143.6 °R 6* » 676 inch !
Ty = 775.4 *R U, = 2755 £t/sec 6 = ,0986 inch '}3
T, = 520 *°R H, = 4.69 ~
— 5%
v
. ¥o.  T(inches) x T, v, o/0n ¥
q
1 0O 0 34622 Lo 00276 \‘f
< 0e011 Oe T80 XL Y4 e3k0 De2Yc 0'3
— .. 0Os0le 1e019 30276 04373 00 305 it
. 4 0.018 ield0 3eli? 0e637 Oe3ld *
5 04023 14263 .U Cetsls 0e324 2
6 04028 16325 34109 06493 0e32¢ ;53
7 04031 14395 34058 0e52¢ 00327 7;
A 04036 lead) 24007 04536 04333 o
9 . 06048 _ lebl4 20944 0e556 0340 ;.;
10 04056 Le557 24900 04565 Oe34> o
11 04066 l1e590 o867 0e574 00349 -3
12 0.078 14639 2e818 0e586 0e355 2
13 00108 le7l& 2eT44 Ue006 0e364 {."
14 04133 1.790 24672 0e624 06374 N
—15_. 04186 1910 24564 04652 04390 T
16 0e228 L6030 Celdl 0eb78 Q408 P
17 04266 ¢e1i0 ¢e308 06695 06419
18 04291 Zelog o330 0.710 Cah2y \:
19 04338 24275 2e256 04729 0v b4 o
20 0e34€ 2e3¢b ce2¢2 0e759 0s 450 :
21 0e391 24417 2elb6 0e757 Oes 64 23
22 0441l 246491 24098 04769 Oelely L x
23 04451 24557 24053 04781 Oeteb? e
24 04488 24696 1900 04797 06504 25
5 04523 24747 14914 0810 06523 g
26 0e560 Led3D letb2 Qedls 0e54D ias
w21 _.__0s59C _..24920 . le795 0s830 0e557 s
04620 34005 le739 04845 0e57> I
29 04658 34096 lebb2 04856 059> Wt
2 30 04678 3elal 1,694 04861 04605 £
A 31 0.700 34198 1.619 04868 04613 i
3 32 0,723 34250 ledu8 04873 0463G e
N w33 00750 3313 Le253 04880 0ebb6 y
3 0.768 3356 led2y 0ed8> 06656
£ 35 04798 3ebcb lea9] %e092 0:671
; 36 0e843 3e5¢6 Le439 0902 0695
3 37 04860 34572 1es15 04906 04706
: 38 04910 34668 14369 0.925 04731
3 .39 04938 34720 14343 04919 0s740
E 40 04962 3.767 1521 00923 0e757
- 41 04990 34822 14295 Ne927 06772 N
3 4 1.017 3euo4 1e202 04930 04780 :
b 43 1,035 ENT) 1268 04933 0s708 3
3 44 1,060 3e95l le248 d¢936 0eb01 H
, 45 1,097 4eQl2 le215 06943 0e823 ¢
; 46 14155 44076 1e}9s 04949 04838 1%
] %7 1,172 4elll 1,181 04953 04846 B
5 “8 l.210 4s167 1,163 04958 04860 of
| 49 1e242 44210 lel150 0e963 0e869 P
3 50 le277 4ed20 lel2o 0e966 04880 NN
s -2 O le335  _ wesss lello 06973 0e 504 TR
] Te422 44395 l.0b5 04976 0921 S
3 53 le487 Ge420 le066 0e980 04938 T
3 . 54 14564 44497 1le051 0,983 0e95¢ HIO
3 55 1,602 4e537 1e0a7 0.985 0966 % %
3 56 14632 Geddu 1,032 04986 04969 O
2 57 . le6bs_ Be21b 1.0¢> 04987 0+97> Lo
3 58 1.70% 44508 ls0cl 0.988 0980 R
3 59 16737 4e00> l.01> 0e98¢ Os 98> ]
1 . 60 1.764 bebll 1.013 04989 0987 4 N
& 4 ]
: &2 1:83 4823 11083 0:333 0:3%8 o
1 63 25019 44639 i.008 0+997 00992
: 6% 24075 4e670 Te006™ ~ 04999 00994 e
. 6Y 24129 4e672 1.005 04999 00992 R
i 66 7e251 4e0y3 1.002 04999 00998 S
67 Ze336 44009 1.001 1.000 04999 =
68 24384 %0691 1.000 1,000 1.000 P
1 4 .4‘
%
Hey
P
%
Ty
-
H
’ i - £ ) < . P
, . ! 5 * 7 "o
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TABLE 1(r) (CONT.)
Run 6211 X = 69.25 inches R‘e = 56737
Po = 149.7 paia T, = 138.1 °R §* = ,706 inch
TO = 741.5 °*R U, = 2692 ft/sec 8 = ,108 inch
T' = 534 °R M, o= 4.67
¥o. Y(inches) | /1, U/Uq /0w
1 Oe O 34865 O o209y
2 04008 Qo707 24604 Oasb? Qo217
3 __ 0e0l2 0e8S 30462 0e357 Qe20Y
4 04017 le0b de3c2 (TR 0301
5 06025 le218 34203 0e4b6 Qe3¢
& 04034 14378 3104 0e5¢eb 0e317
7 04038 lebd3 30109 0537 Qe3dc
8 Oe 042 leb66 34064 Qedb9 00326
9. . .0e047 le492 34049 0557 0e329
10 06060 leb3t 34002 00569 00333
11 04073 lebyL LoYld Qedlt 0s 340
12 0090 le029 CebYd 0eb97 Qe 34D
13 04107 lebdd Yy Lt 04608 Ve30¢
14 00120 le723 24803 00618 00357
15 _ _ _0el42 14760 24764 0626 0e36¢
16 0195 14788 24733 04633 00366
17 0el72 le850 LebbB Qebll Qe37¢
18 00193 14879 2e637 0eb53 0379
19 06215 1e9¢> <e28Y Vebb3 Oe 360
20 0237 10977 Ce236 OebTh Ve 394
21 06258 2e030 o403 0ebB5> QetQ>
22 0e284 20102 Lol lls 04699 Ge4léd
23 0327 24197 24325 0e717 Qe 430
24 Oe344 20270 Le208 Ve730 Qebbd
25 04422 26423 2e125 0e756 0e470
26 Cebl4 r43-L 13 20046 0e772 Qe b9
_.e1 .0e530 rxy1-1-11 le918 06797 0e541
28 00586 2eBlY leve3 QeBle [ir$-11)
29 0e638 20923 - leT32 Qe3¢ 0577
30 06672 36033 14680 Qebibl 0e59>
31 0750 3e192 1086 04860 06630
32 04840 3e4l0 le&b2 0.885 Qe 684
.33 0931 34590 le380 06902 06725
34 1.021 30754 1305 0918 0e766
35 1107 34901 le262 0930 Qe 05
36 lelll 4e 008 lelys 0939 Coe B3>
37 1e250 40109 lel60 Qe Ti?7 Qe 8b6c
38 1e323 40193 lel30 06954 Qe 80>
39 20392 4e267 lel06 00959 0906
40 le&57 4e348 14086 0965 0e921
4] 10521 4385 10069 04970 Ve 935
42 16577 betsbl le044 06975 Ve 908
43 lebb4 Ledl3 14047 Oe9u1 Qe973
1% leT46 “e329 le04) 0e986 0979
45 le8¢3 4e597 14012 Ce990 Oe9u8
46 le879 heolb 10009 0992 Oe99l
47 1961 ko638 1005 06995 00995
48 20035 40659 1+000 04997 14000
&9 24095 4eb7> 04997 00999 100>
50 24160 4e673 1.000 14000 1000
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TABLE 1(s)(CONT,) N
&
Run 3131 X = 69.25 inches Re, = 19040 %
P, = 74.6 psia T, = 180.6 °R 8% = .657 inch I
T, = 1004.6 °R U_ = 3146 ft/sec 9. = .123 inch b
L ¥
T, = 509 ‘R M, = 4.78 b
. re
é{
4
. No, Y{inches) M /Ty /v, 0/0a g‘)
1 0. . <e819 Oe 0355 I
2 04022 0738 24912 04264 0:343 5
I 04025 _______0e833 2886 06296 Oe346 0y
4 04033 1135 o814 04399 00355 5
. 5 04035 le265 26703 00436 00370 iy
6 0e043 1e421 24633 0e483 04380 ;-2
7 04051 ie531 24596 04517 06385 22
8 04059 14603 2eD45 0e535 00393 I
R 04070 . le687 24478 0e556 Qe k04 A
10 0408¢ 1.735 24445 04568 00409 58
i1 04097 1774 20423 04578 Oe4l3 o
12 04108 1806 26409 ..0:587 Oeél5 =
13 0.118 1.833 24389 ‘00593 00419 ol
14 06132 1.861 24370 0460C 0eb22 ik
_15. _Qe143_ _  _ _ 1897 20343 04608 00427 N
16 04156 1934 2318 04616 0431 L
17 0e166 14949 2308 0620 06433 i
18 0.183 20005 24268 06632 0ebbl )
19 04206 24058 20230 04643 00449 3
20 04223 26104 24197 04653 00455 .
. 21 ___ 06255 24181 Colal 04669 0e460 N
22 04276 T 26212 26129 00676 06470 I
23 04298 20267 24091 00686 0470 RN
. 24 04317 20320 24053 04696 04487 s
25 Ce343 24378 2,016 00707 0e496 #3
26 00373 24451 14967 04720 04508 I
.27, 04400 24517 1925 04731 00519 u,’
28 06429 24581 1.887 Qo742 0530 t
29 0453 24650 14844 0.753 0e542 ke
30 04483 24716 1.807 00764 00553 ;.
31 04507 24785 16765 00275 06567 o
32 04533 24839 Le736 04783 0e576 e
. .33 04560 20900 1.702 06792 0588
34 04587 24965 14668 0802 04600 ol
35 04611 3,049 14632 0810 04613 3
36 04630 30100 16594 00819 00627 e
37 04673 34178 14555 04830 0e643 il
38 04697 30233 1.528 0.837 0655
__.39 L 0e721 _____ 34290 1500 0e844 06667 2%
40 0e752 34363 1e465 0e852 00682 1]
41 D776 30419 1439 04858 00695 L
3 %2 04801 3,466 1.018 04864 04705 s
- 43 0825 3,526 14392 04870 04719 B
3 44 04849 3,573 14370 0876 0730 E
9 b5 0.882 34635 14345 04882 0e 744 i
4 46 0e911 3,712 1.312 0890 06762
: 47 0e954 3.790 1.281 00898 0-781
3 48 1.013 3.896 le242 00909 0e605
¢ 49 14048 3962 1216 00914 0823
o 50 1.107 44060 1.180 04924 00847
: 51 . lelar 44134 1.156 04930 04865
3 2 14192 44207 le132 00937 04883
3 53 14254 44287 te110 00945 04901 :
l 54 16296 44336 1,097 00950 04911 St
+ 55 14353 4e405 1,079 06958 00927 !
1 56 1396 Gebts? 10069 00962 00936 N
1 . .57 .. 16439 . 4483 1.060 . 00966 0946 et
2 58 16492 44526 14048 0970 06955 Y'":
59 14551 44556 14042 0.973 00960 =
60 14578 44576 1.037 Je9lZ 04965 7yl
.6l 14615 44597 1032 00978 00959 Y
3 62 14655 44613 1029 04980 00971 .
3 . 63 . 1e706 ___4ebbl 1026 06982 00977 ie
[} 14787 40690  Tle0l1 00987 04989 “
E 65 1.830 40701 1.0C9 04989 04991 e
4 66 1.875 4e718 1000 04991 00994 £
4 67 1926 44732 1.005 0,993 00995 &
[ 68 14990 44760 1.000 04996 14000 N
9 el B9, 20068 4e765 1.001 04998 00999 Py
E 70 24135 4T 1000 0999 1000 .
n 20191 4e777 1.000 1.000 1000 i
3 L2
. ¥
T
o
1 ,f
‘
.‘. ,5
A
:
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TABLE 1(t) (CONT.)

i

Run 3132 X = 69.25 inches Re, = 15083 |

Po = 75,0 psia T, = 187.7 °R §* = ,680 inch ,
- T, = 1094.2 °R U, = 3300 ft/sec 9 = ,1174 inch

T, ™ 515 °R M, = 4.91
1 Qe Qe Ce T3 Oe Qo306 -
2 __0s020 ___ 0836 20825 00286 Qe3bé
3 04023 00922 o812 0e31% 04356
b 0,025 le 044 20763 00353 Qe s0<
5 04031 16224 2.701 06410 04370
6 04033 1362 24603 Qeb? 00384
7 04039 1e466 2e925 Oe&74 04396 .
_8 0e04k  _  1e563 ce4d3 00498 Qs 408
9 040647 14628 24402 04514 Qe4le
10 0057 1716 o206 Qebés Veblld
11 04063 le784 Ze388 Qeb61 Qa4l9
12 0074 14823 PRYY 04579 0s410
= 13 04084 14855 24432 04589 Oekll
- e oan 14932 24398 04609 0ebl?
3R 15 0e146 2+021 20344 04630 0e627
L 16 0el65 24065 Ce3e3 Jeo40 0e430
- 1?7 0e167 24086 2307 [ Y-LH 0e433
Y 18 06137 20148 24286 0s661 00437
: 19 0e213 24201 2e247 06672 Oeieled
i _20. _ 06240 24266 24206 04685 Qo053
y 21 06266 24342 2elbs 04700 0s b6t
: 22 06293 24385 24131 04709 02469
i 23 04328 24481 24066 0e726 Osbbié
q 24 0e347 24516 20046 04732 0e489
f - 25 04368 24567 24014 0e74} 00497
o 26 04395 24623 14950 04751 00505
- 27 04411 24667 1952 04758 0051«
N 28 Oek35 2072} 16923 0,768 00520
’ 29 0e454 2,763 1901 04775 0»526
30 0e473 24800 1880 0+781 0053c
31 06483 24826 1.866 04785 04536
: _32 04505 _ 2.892 1e8c2 04794 00549
33 06521 24927 1.801 04799 00559
34 04539 24961 leT04% 0e605 0e561
35 04556 3,000 14763 046811 00567
36 06574 30058 1.730 04819 00578
37 04588 34091 16712 0.823 0s584%
! 28 ___ 0e601 3,119 14698 04827 00589
3 00620 3,165 14673 06833 00598
40 06633 34201 1le653 00838 00605
3 4l Ceb47 34233 1e637 0e842 0eb11
2 2 00660 34260 lebss 0e8406 0s616
H 43 00706 34373 1567 04860 00638
3 4 _ ____ 0e730 _ 34431 led40 0.8067 00049
45 Oe 64 34506 14506 04876 0e664
46 04810 34628 16450 0,889 00690
o7 0e842 34684 lek2? 04896 00704
48 0677 3,761 16395 04904 0e717
49 0e914 34851 1359 0e914 00736
50 00955, _ 34936 leded 00924 00752
51 04989 30994 1e304 04928 0767
52 14056 4112 14263 04941 0e79¢
3 53 14096 44172 le20t 0e947 04804
] 54 14129 44237 16222 04953 00818
1 5% 1161 44280 14208 0958 0.828
3 _56 1.201 4e341 14139 04963 0e861
ST Te2%Y 4e374 1180 04967 00847
58 1le273 Goles? lelb3 Qe972 0as8060
d 59 14398 Y'Y le153 0e975 Veb068 .
3 60 1e346 44506 16140 00979 00877
3 61 14366 44525 14136 06961 04881
3 62 14399 44556 1.128 04984 04887
. &3 13%3) §.579 " 7 " lel21 0.987 00892
5 66 14463 44605 lellé 04989 04898
3 65 14487 44526 l.107 00990 04903 .
3 66 16530 44663 14100 04995 00909
3 67 1.570 44691 14092 00998 04916
3 _68 14600 4e708 14090 14600 00918
;i 69 14632 4,726 1.088 14003 00919
70 14667 40706 14083 14005 06923
3 n 14723 4e758 14084 1+008 00923
‘ 72 14753 44788 14076 1.011 04929
3
T e - e :
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3
E, TABLE 1(u) (CONT.,)
L Run 3132 (Cent'd)
.
: 73 10787 4.807 l.071 14013 0s934
5 74 __1le8T0__ o845 14046 1009 06956
3 15 14937 4:069 12053 1017 Ge 930
E> - 76 1.983 44869 14049 1015 00953
; 77 24031 40892 1.017 1,004 00983
w 24074 40898 0,980 Q987 1020
! 79 24125 ©c907 04983 04990 14037
S, 20 24157 _4e913 1014 1007 0986
(3} 25189 4916 1017 14009 00983
: 82 2,213 %0913 14000 1000 14000
A
E
Z ;
A ¥
2 :
g
g :
] ;
3 :
3 5
; 3
4
;’;
M
- E:?‘
] %
1 :
&
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2.
A Run 12201 X = 91.25 inches Rey = 8938
33 Po = 14,9 psia T, = 148.3 *R §* = 1,199 inch
(3 To = 772.6 °R U, = 2739 ft/sec 8 = ,176 inch
2
38 T, = 517 °R M, = 4.59
§
£ ¥o. Y(inches) ) /T, v/v, /0w
_‘s Ce - — —————— e - e A —
- 1 Oe ' Y Qe Qecol -
R 2 04020 04306 34615 Oele? 0e277
3 3 . ____D.020 06400 3s615 Oesbt 0e2117
3y [y 0.024 0.388 T.6¢1 0el61 ~ 7 TT042767°
< 5 04033 04499 3.635 04208 0e27>
E 6 0.033 0499 34635 04208 04275
4 7- 04037 04959 se047 0e23¢ 04276 -
i 8 04042 06657 .94 0.271 04280
35 9 06051 Qe776 L 3e209 06317 0el8>
; 10 0059 0e873 EPLTYA T 0393 0e<90
=1 11 04068 14065 34275 00420 00305
AS 12 0,081 1,160 3.188 00452 06314
. 4K 13 04090 14268 34109 Qek79 Ne322
z 14 04103 14328 34025 04503 04331
8 15 . 0ell2 . _le3v0 ce961 0eb2} 0e238
£ 16 04125 Ted9< FITY 04550 04350
3% 17 04160 Le5Y8 <o 130 06577 Ve 304
N 18 0ol LebBs <eb0Y 0599y 0e37>
AN 19 [ Y29 14718 263) 0607 0e380
2R 20 04265 1.750 24599 0e615 00385
E ) 04326 leB2s 20531 04632 06395
iy 22 0e370 Te87827 7 7 20485 00644 04402
1; 23 00466 24007 20357 04672 Oets2b
24 04523 2e0TH ce303 VebB6 0s43b
a1 25 0eb54 2e0BY o291 04690 0e43b
3 26 0e593 2e12Y Ze2oB 0698 Oubbl
15 21 0s628 29163 o258 04765 Vetsts?
s 28 04680 24226 24186 01717 06457
¢ 29 0.742 24296 24130 04730 04469
E), 30 04825 24380 24005 0eT05 Y
’ 31 0890 24459 24003 0e 759 0499
32 06921 o9 149177 047606 0+500
Ei. _ 33 __ 0e943___ 2e53) 14954 04771 0e51¢
E 34 14039 26048 Le8y0 U788 0529
. 35 1.109 24136 1817 0804 04550
‘38 36 14170 24799 1.778 0e814 0e56¢
E 1 37 1.236 24873 1736 00825 04577
A 38 ledls 24978 l.673 0e839 o598
4. 39 __ _1s398 ___ 3.096 1400> Oeth5 o623
3 %0 10463 3elye 14550 0e866 0obk5
X (8} 14538 34 30¢ 1e49} 0e879 Ueb71
42 1e612 Jebls ledss 0e891 vet9?
, 43 1,682 345¢7 14379 Ue90¢ e 725
o4 1.796 30689 1 305 0919 Ve 766
k5 14857 3. 788 1e263 06928 0e79¢
b 1,927 3e881 le227 04937 0e815
o7 16957 34991 lely3 0.946 Oe4b
“8 2,062 40078 lelag 04952 VesTl
49 24150 4el85 lel0b 04959 VeV
50 20425 okl le019 Qo981 Ve90C
51 244817 Lebbb .. le03) . OeYos veyTy
52 24561 P 14023 T 06989 Ve977
53 24640 6e517 1.019 0699 04981
56 2,766 tebdB le0U5 Ve996 Ve 9y
5% 246822 4eb08 VY99 Ve995 legul
56 29006 4570 lepul Ue9Y98 Ve 9YY
_51 . 26963 4e58T _ _ le001 1000 Uey9Y
58 34020 bebob ie000 Le000 leuUY .
]
A - N =
) - . —-~ . - o “Wf
e w‘ . . e . , g -




o (ot L T T eTe 3 ALY YR T I A0TSR G
' " iy - ’~
. N
* '(
, E . o . :
- 1] H
o U L 3 : - ]
NOLTR 69-106 u
;
TABLE 1(w) (CONT.) B
.
Run 12198 X = 91.25 inches Re, = 28040 2
P, = 74.6 psia T, = 142.1 °R §* = ,760 inch
T, = 784.1 °R U, = 2777 ft/sec 0= .121
T, = 517 °R Mo = 4.75 b
A
iy
¥o,  Y(inches) ] T, v/v, »/0a N
- i .. e .. Ml _ Y
1 Qe 3.710 Oe 0e275
4 9‘_011 0e853 - 3_0‘50" 0e330 06296 'j
3 0.01& 0946 34397 “0e363 "‘o 300 - %
4 0,019 1.082 3.327 0edll 0307 i
- ) 04026 1e274 3,213 04476 0s318 4
6 04031 14368 34167 06507 04322 o
? 04061 10436 34100 00527 04329
[ 04056 14527 3,000 _ 04551 00340 i
9 04069 1,579 Z2.949 03565 “0e346 i
10 Qo084 14579 24956 00566 00345 #
11 04094 14662 20868 0587 0356 b
12 06096 14662 2,869 04587 0356 5;
12 04106 1.702 Z.828 04596 0e36) :
_u__n...-mu - keld® . 20812 0,600 00363 .
04126 16757 24772 04610 00368
16 0¢131 14748 2.783 04608 00367
17 Oelbd 14795 20137 04619 0e373 v
18 0e159 1.8¢3 20712 00626 04376 .,
19 04161 1.832 20706 04628 06377
20 . n,i_zg___ ___1e853 __ _ 2685 _ 04633 00380 3
21 o181 1.867 2.671 04636 04382 ”
22 04196 14896 24641 00642 0e386 <
23 04226 14952 2.592 00655 0¢396 3
24 06256 24012 24538 0e668 Y'Y 4
23 00276 24058 20495 04677 00409 <
u___ __ 00309 . .. 20115 20462 00689 OeklS N
0e346 2.183 24383 06702 0s428 .
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29 04396 24279 24306 0e721 Oebbs 3]
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32 0.491 24458 24161 0753 0e7e -
33 0e524 24522 Zo11i 0s764 0s483 Iy
3% 0e539 20548 24092 0e768 00488 Ty
35 06574 2+598 24056 04776 00496 5
3 00594 24664 24006 00786 0¢509 ‘e
37 0.619 2,713 1.972 0e79% 04517 .
n___ 04849 ___ __2e766_ 1936 04802 00527 i
00662 24821 1.896 04809 04538 i
uo 00699 2882 14855 04818 00550 .3
Sy 04719 24923 14829 0e823 02558 -
42 0e741 24972 1.796 04830 00568 i
43 04756 3.007 16773 04835 04575 p
_9_9_ ___"._na_n___,__; _ggt_._ . _1eT37  _  0e841 00587 ;
04806 15 1+70¢ 0847 06599 5
3 ae 04834 3.111 1.667 04855 0e61¢ 2
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52 04989 34524 1e476 04892 Ge692 4
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) 55 1059 34678 1e398 04906 04730 i
3 86 _.__.1e076 . ... 3e713 ___ _ le382 04909 00739 d
3 © 57 1e104 3.763 le360 0e914 0750 .
b 58 14119 3.805 1e341 00918 0s76L <
3 59 1e13% 34839 1.324 04921 0+770 K
- »0 1151 34870 ~1e3ll .. _Qe923 Qs778
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: . 62 Jel9% 3,948 14270 04930 0e798 =
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3 65 14256 40078 1e222 04939 00835
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TABLE 1(x) (CONT.)

Run 12198 (Cont'd) -

¥o.  Y(inches) u 71, il 0/0u
73 14419 heli9 lelld 04958 04907
Th.. .. lebds ho306 1e115 0+961 06915
15 14471 4e399 14104 04963 0e924
16 1,491 44420 1.097 0965 0e %30
i 1+524 LY L] le0t?7 0.966 04939
78 14559 beb9) 1.072 0+969 04951
19 1589 4520 1.063 04971 00960
80 ___ . 1ls611 44540 1e057 04972 00966
81 14641 44555 14052 0+974 0¢970
82 14691 he598 14039 04977 0982
83 10731 4e618 14036 0978 04988
86 16769 40635 1.029 0+980 0.992
85 1,801 40655 10022 0,981 0.998
86 ____._ 1e826_ 4e664 1.020 0.992 1000
a7 1856 be681 1e016 0.983 1004
a8 1.899 40692 le012 0s984 1.008
89 14956 44709 l.008 04985 le0l2
90 1,981 4e712 1.008 0.986 1.012
91 2,016 Ae721 1,006 0.987 1.014
9% ___207h_ he727 . . . 14005 0.987 1015
93 26159 4,740 1.001 0.988 1,020
9% 24229 heTh3 14000 0.988 14020
95 20279 bo743 1.000 0,988 14020
96 24326 beTh3 14000 04991 1015
97 20369 4eT40 1.000 04995 14005
9 .. 2849 .. _HeTM0 14000 1,000 0:996
99 20451 4e751 1.000 14000 1000
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TABLE 1(y) (CONT.)
Run 12197 X = 91.25 inches Reg = 51518
PO = 150.3 psia T, = 133.9 °R 6* = .799 inch
Ty = 735.2 °R U, = 2688 ft/sec & = .111 inch
T, = 517 °R M, = 4.74
No. Y(inches) M T/T, U/U, P/ Pe
1 Oe Qe 34861 Os 0e259
2 04008 Qe941 36407 0367 06295
3 04008 0977 36374 0379 0e¢2906
4 0e012 14041 34359 00402 00299
5 06017 1,127 34281 04431 0e¢305
I} 04017 1204 3200 00455 06313
7 0.021 14275 34152 0e478 06317
8 0.025 1e3¢0 3e131 06493 0319
9 06025 le38Y 36060 0e511 Vo327
10 04030 let36 3030 Qe D28 Ve 330
11 06034 le485 36002 0e543 0e333
12 06043 1e533 2972 Oe558 GCe336
13 0e052 14597 20905 0e574 Oe344
14 04065 le632 LeB72 0+584 0e348
... 15 06074 1666 24837 0592 0352
16 Ce109 1757 20752 0e615 Qo303
17 Oelbd le844 ce678 0e637 Ve373
18 0el74 1le896 2eb04 0e 649 00380
19 04205 1e954 20580 0e662 Oe388
20 00231 24011 24527 06675 0396
21 0.262 24067 20497 04683 Vo401
22 06292 20107 20443 04695 06409
23 0e3l4 20146 20408 0703 Qe4ld5
24 06367 24206 20360 0e715 Oe 424
25 0358 20230 Ze335 06719 Qe 428
26 0393 20286 20208 0e730 Qek37
. 27 0428 20340 20244 0e740 Qe 446
28 0463 20406 cel92 0e 752 Oe 406
29 0498 20463 20149 0e762 06465
30 0537 24547 2083 04776 06480
31 04581 24618 20032 0.788 Ve h92
32 0e61¢ 20671 16993 0796 0e50c
- 33 0e646 24748 14957 0e807 0516
34 04681 20799 1904 0e815 | 06525
35 0+721 24883 leB47 Ge827 0e54l
26 0765 20964 ie793 06638 0e558
37 0804 3,039 le744 0e847 06573
38 04835 34098 le707 0854 Qe 586
39 04856 36174 1660 06863 06603
40 04900 34235 14627 0871 06615
41 0940 34300 led91 GeB7b 0e629
L2 0e974 34383 le543 0887 0e 648
43 1.005 30445 16510 0e893 0eb6c
44 14053 30545 leb>7 0e5G3 04686
45 14079, 30604 letc? 00939 0es701
46 lels) 34726 16367 04920 0e731
47 l1.198 3.837 le316 00929 06760
48 14254 34945 le268 0937 00789
49 1.311 4e054 10222 04946 00818
50 le346 40106 1200 Ge950 0e833
51 14407 Helbb 161606 064955 Qe 848
52 l1e48¢ He321 1el20 06965 00893
53 1552 Heb42 1,077 0973 0e928
54 14731 4e557 140646 0e9b% 04956
55 le875 Leb6049 l+018 06990 04982
56 14954 4eb676 1,013 00993 0e 988
. 57 . 24033 46703 1+008 06996 0e99¢
58 24112 Hele3 1.005 Ve999 00995
59 24190 40726 14G06 ie001 0e994
60 24256 4e732 1,006 ) .002 06994
61 2.330 4e738 1,000 00 1.000
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