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This report presents mean flow profiles across a two-dimensional , flat plate,
compressible turbulent boundary layer. The mean flow properties were determine
from pitot pressure and total temperature surveys carried out at three stream-
wise tocatio~is for wall to freestream total temperature ratios of 0.94 (adiaba-
tic case), 0.714 and 0.54, All tests were conducted for a freestream Mach
number of 3.0 with Reynolds number, based on momentum thickness , varying from
3200 to !k200. Although the outer two thirds of the viscous sublayer was probed
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the skin friction calculated using two conventional correlations were in
good agreement with the trend of the data. Furthermore, comparison of the
velocity profile with Coles Law-of-the-Wake correlation indicated that the
boundary is characteristic of a fully developed zero pressure gradient,
flat plate flow. The experimental profiles of total temperature versus
velocity were also observed to ~e in good agreement with the theoretical
predictions of Whitfield and High for ~onunity Prrndtl number. These result
demonstrated that the linear Crocco relation, which assumes Pr 1.0, cannot
be used to judge the quality of the boundary layer flow for near adiabatic
wall cases. Finally, the distribution of turbulent shear stress, mixing
length and eddy viscosity across the boundary layer, were determined in-
directly from the “time averaged” boundary layer equations using the experi-
mental mean flow profiles. Results were in accord with those of other
investigators for supersonic flows. In ~.articular , the calculated eddy vis-
cosity was in excellent agreement with the correlation derived by Maise and
McDonald.
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ABSTRACT

This report presents mean flow profiles across a two-dimensional , flat
plate , compressible turbulent boundary layer. The mean flow properties were
determined from pitot pressure and total temperature surveys carried out at
three streamwise locations for wall to freestream total temperature ratios
of 0 .94 (adiabatic case), 0.714 and 0.54. All tests were conducted for a
freestrearn Mach number of 3.0 with Reynolds number , based on momentum thick-
ness, varying from 3200 to 4200. Although the outer two thirds of the viscous
sublayer was probed, no evidence was found of a linear velocity gradient near
the wall. However, the skin friction calculated using two conventional
correlations were in good agreement with the trend of the data. Furthermore,
comparison of the velocity profile with Coles Law-of-the-Wake correlation
indicated that the boundary is characteristic of a fully developed zero
pressure gradient, flat plate flow. ~ke 

experimental profiles of total
temperature versus velocity were also o~~erved to be in good agreement with
the theoretical predictions of Whitfield\and High for nonunity Prandtl
number. These results demonstrated that \he linear Crocco relation, which
assumes Pr = 1.0, cannot be used to judge ~he quality of the boundary layer
flow for near adiabatic wall cases. Final~.y, the distribution of turbulent
shear stress, mixing length and eddy visco~tty across the boundary layer,
were determined indirectly from the “time ~ reraged” boundary layer equations
using the experimental mean flow profiles. Results were in accord with
those of other investigators for supersonic flows. In particular , the cal-
culated eddy viscosity was in excellent agreement with the correlation de—
rived by Maise and McDonald.

The findings in this report are not to be construed as an official Department
of the Army position , unless so designated by other authorized documents.
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SECTION 1

INTRODUCTION

Predictions of turbulent skin friction and heat transfer phenomena require
accurate solutions to the “time averaged” equations of boundary layer flow.
These equations, however , contain higher order turbulence terms, i.e., the
turbulent transport properties, which cannot be derived from first princip les.
While recent advances in computational techniques make possible rapid cal-
culation of compressible turbulen t flows, the various calculation schemes
lack appropriate models for the transport terms a There is, in fact, an
acute need for direct measurement of the turbulent fluctuations and of their
higher moments to serve as a basis for such turbulence “modeling .”

At supersonic speeds, compressible turbulence is distributed among various
“modes” including pressure , temperature and velocity fluctuations. While
the available data base is restricted in scope , it does indicate that
(1) the temperature (density) fluctuations become significant at high speeds
and are sensitive to the wall temperature, (2) these same fluctuations are
important, and perhaps even dominant, in the turbulent transfer process and
thus are central to proper turbulence modeling , and (3) as a consequence ,
the cross-correlations , i.e., the Reynolds stress terms, may also be sen-
sitive to the wall heat transfer. Based on present knowledge , estimating
the influence of wall cooling on the turbulent fluctuations at any flow
speed is possible over only a limited range of conditions. Consequently ,
the present task was undertaken to more clearly delineate the effect of
wall temperature on the turbulence structure of the compressible supersonic
boundary layers. Experiments were carried out in the flow over a zero
pressure gradient flat plate at a fixed Mach number of 3.0 for wall temper-
atures Tv/Toe = .94 (adiabatic case), .714 and .54.

This report documents the results of the first phase of the program which was
directed toward detailing the mean flow profiles of the boundary layer at
several selected streamwise stations for each wall condition indicated above.
Such measurements are required to demonstrate the two-dimensional, fully
equilibrated nature of the flow and are needed to calculate the sensitivity
coefficients of the hot wires used in subsequent measurements of the flow
fluctuations . A report describing the results of the fluctuation measure-
ments is forthcoming.

A description of the test hardware and instrumentation is presented in
Section 2 of this report while Section 3 discusses the results of the mean
flow measurementsa In particular, Section 3 describes the mean flow profiles ,
includes an assessment of the measured total temperature-velocity profiles ,
presents the results of skin friction calculations and a comparison with the
Law-of-the-Wake velocity correlation. Finally , it provides the distribution
of turbulent shear stress, edd-viscosity, and mixing length as deduced from
the “time averaged” boundary layer equations using the known experimental
mean flow profiles . A summary of the experimental findings is presented in
Section 4.

1 
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SECTION 2

THE EXPERIMENT

2.1 FLAT PLATE DESIGN

The model consisted of a 7.62 cm wide, 66.04 cm long 2024 grade aluminum plate
with a 0.475 cm thickness and a 50 leading edge. When installed , the plate
spanned the test section completely, with its top surface coincident with the
(2-dimensional) nozzle centerplane, and its leading edge located 10 cm upstream
of and its trailing edge 55.9 cm downstream ~.f the nozzle throat. The plate
was supported by a windshield attached to the lower nozzle block and by a
faired strut anchored in the stagnation chamber ahead of the throat. On the
sides, the plate pressed against the glass sidevalls with long 0—ring seals,
thus avoiding metal-glass contacts and minimizing lateral heat transfer. A
photograph of the flat plate installed in the wind tunnel is shown in Figure 1.
The region above the plate was unobstructed except for diagnostic probes sus-
pended through the upper nozzle wall, and in the working section where the
experiment was performed a The region under the plate was available for pro-
trusions needed for cooling, surface sensors, etc.

Cooling was accomplished using liquid nitrogen supplied to four loops of 0.5
cm diameter aluminum tubing epoxied on the plate underside in pairs, as shown
in Figure 2. The eight ends of these tubes (4 inlets and 4 outlets) extend
beyond the plate trailing edge; the inlets continue into the diffuser section
where they exit through the tunnel wall and connect to the LN2 supply. The
outlets discharge the spent coolant into the diffuser section ; because the
tunnel is an open circuit facility, the test air stream was not contaminated

1’ by nitrogen.

2 .2 INSTRUME NTATION

2.2.1 SURFACE DIAGNOSTICS

As shown in Figure 2 and listed in Table 1, the plate was instrumented with
9 static pressure L.~q~es (Pl-P9) and 14 iron constantan thermocouples (Tl T~.4)
to monitor the streamwise and spanwise uniformity of surface properties. The
pressure tubes are 0.081 cm in diameter with a 0.05 cm diameter opening; the
thermocouples, comprised of a twisted pair of 0.025 cm diameter wires, were
epoxied in place in holes drilled through the plate . Both types of sensors
were located flush with the upper surface of the model. The pressure taps —

were connected through a sampling valve to a 15 psi Dynesco pressure transducer
with a sensitivity of approximately 0.05 mv/mmHg. Typical measurements of
surface pressure are shown in Figure 3, which includes also the static pressure
calculated from the tunnel stagnation pressure, P0, and the measured freestream
pitot pressure 

~~~ 
Since the level of surface pressure corresponds to only

3°L of the maximum range of the transducer, the agreement between measurement
and calculation is considered good. The pressure taps were used primarily to
monitor the flow and insure the absence of non-uniformities, and the static

2 
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pressure used in the data reduction was calculated as indicated above . The
surface thermocouples were connected to a Newport digital pyrometer. During
the experiments, the output from surface thermocouple numbers 7,8, or 9 was
plotted on a Mosely X-Y recorder to provide a continuous record of the temper-
ature of the plate.

Typical surface temperature distributions for each of the three temperature
levels used in this study are shown in Figure 4. This plot indicates the
uniformity of the wall temperature , in both the streatm,iise and spanwise
directions, within the survey region. The single low temperature recorded
at the 16-inch station, for a nominal wall temperature of l72°K, is the output
from thermocouple number 12 located 2.03 cm from the plate centerline where
the surveys were conducted. It is sufficiently displaced from the region of
interest to have had negligible effect on the measurements . In all cases the
region of uniform temperature started at x = 20 cm or about 20 boundary layer
thicknesses upstream of the first survey station.

It was originally feared that condensation of water vapor at low temperature
would form a layer of frost or ice on the plate which could interfere with
the measurements. The silica-gel drier of the tunnel provides a 236°K dew-
point at the inlet, which for a Mach 3 expansion corresponds to a condensation
temperature of 2O3°K in the test section. Thus the mixture in the test
section is actually supersaturated, although condensation only occurs in the
presence of a cold surface. During the experiments , a very fine frost layer
appeared on the plate at Tw ~~~‘ 2l0°K and completely covered it at T~ 

= l70°Ka
A microscopic view of this layer, made with the tunnel running, showed it to
consist of mu -size particles which are, of course, very much smaller than
the boundary layer thickness and the sublayer thickness. Tests also showed
that the pressure taps operated properly with the frost present. A test was
also carried out to demonstrate that the ice formation did not cause any
abrupt changes in the flow characteristics. A thin film probe acting as a
thermometer (operated at low current) was located at about y = 0.075 cm and
its equilibrium temperature was monitored as T

~ 
was decreased from 300°K

through frost formation to about l7O°K. The result is shown in Figure 5 where
it is seen that the sensor temperature decreases smoothly through the frost
point , evidence that the flow itself is not discontinuously affected by the
formation of ice.

2.2.2 MEAN FLOW PROBES

The mean flow probes, either a pitot pressure tube or a total temperature
thermocouple , were mounted in a two-degree of freedom actuator, extending
through the tunnel ceiling, which permitted motion in the horizontal (stream-
wise) and vertical directions. The pitot probe consisted of a 0.010 cm od H
tube which gradually tapered at its tip to a 0.005 cm diameter opening. A
miniaturized Kulite pressure transducer, Model VQH-250-lO , was mounted within
the actuator thereby drastically reducing the response time of the probe a The
transducer sensitivity of approximately 11.0 mmHg/mv was checked by calibration
prior to each run. An X-Y plotter record of a typical pitot pressure survey is
shown in Figure 6. The profile is similar to those obtained for all test

3 
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conditions and in characteristic of a fully turbulent boundary layer. (Note
that the indicated height above the surface, y, requires a small zero correction
to account for the true location of the wall.)

In order to document the sublayer, it was necessary to probe in detail within
.05 cm of the wall. Although probe corrections were found to be negligible
through the boundary layer, interference effects caused by the proximity of
the wall were apparent for y < 0.015 cm. This was verified by measurements
made with a larger pitot probe, comprised of a 0.051 cm od x 0.0406 cm id tube,
flattened at its tip to a height of 0.018 cm. Typical pitot pressure measure-
ments with both probes are shown in Figure 7 where it is seen the interference
effects become evident when y � 1.5 times the probe height.

Total temperature measurements were made with a Ch-Al bare wire thermocouple ,
with its 0.0038 cm diameter wires welded to form a 0.0127 cm diameter sphere.
Measurements were initially made with a shielded thermocouple but, because of
interference effects near the wall, this probe was discarded in favor of the
bare wire thermocouple. The probe was calibrated in the wind tunnel free-
stream and the recovery factor plotted against Reynolds number, based on total
temperature and sphere diameter , is shown in Figure 8. The recovery factor in
Figure 8 is defined as (Tmeas-TYCE0-T) and therefore accounts for the effects
of local Mach number.

A typical record of the measured, or recovery, temperature for the adiabatic
wall condition, together with the computed total temperature profile, is shown
in Figure 9. Included as an insert in Figure 9 is the sublayer region plotted
with an expanded scale. The zero slope of the T0 profile near the wall and the
overshoot near the outer edge of the boundary layer are characteristic of the
adiabatic wall condition for non-unity Prandtl number. Typical recovery
temperature profiles for Tv = l70°K are shown in Figure 10. The viscous sub-
layer is readily apparent and approximately 0.04 - 0a05 cm thick and experiences
about one-half the change in total temperature across the boundary layer.

The mean flow profiles were obtained by feeding the probe output and a voltage
signal from the probe actuator, which was proportional to the y position, to
a pair of digital voltmeters. The DVM readings, in turn, were output to a
paper printer that could be actuated manually or triggered by the actuator
signal. A block diagram of the instrumentation is shown in Figure 11. The
probe signal was allowed to equilibrate before data was recorded. The re-
solution of the DVMs was 0.01 my, corresponding to a 0.1 mmHg or 0.5°C re-
solution for the pitot pressure and total temperature probes, respectively ,
and to 0.0001 cm for the probe position. The probe tip was viewed with a
10 power microscope and the wall location was determined from the actuator
reading when the probe contacted the surface; in this manner the wall or - - 

-

y = 0 position could be determined with an accuracy of less than 0.0025 cm.
The tunnel stagnation pressure was measured with a 0-800 mznllg Heise pressure
gauge with a least count of 1 mtnHg and stagnation temperature was sensed by a
Precision digital temperature indicator which read directly in degrees

4
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Farenheit wi th a resolution of 1°F (0.6°K). Mean flow properties were cal-
culated by means of standard gas dynamic equations using an iterative procedure
to account for the calibrated recovery factor characteristics of the T0 probe aThe data reduction procedure was programmed for the Honeywell 6000 digitaL
computer.

2.3 PRELIMINARY FLOW FIELD SURVEYS

Prior to the final measurements, several tests were carried out to judge the
quality of the flow above the plate and to demonstrate the repeatability and
two-dimensionality of the boundary layer. Extensive Spark-Schlieren studies
were carried out for tunnel pressures ranging from 1/3 to 1.0 atm . Fig~re ~2
shows typical Schlieren records of the flow over the plate at .973 x 10 N/M
(730 mmHg). Each photograph is a mosaic composed of frames obtained from the
nozzle throat region to beyond the plate trailing edge. They were obtained
with a knife edge parallel to the flow so that when the density increases
going up, the flow region appears light and vice versa. Figure 12b interprets
the major features of the Schlieren photograph. These records show a very
smooth, uniform flow, as can be judged by observing “calibration ” shocks intro-
duced deliberately at two points.

Pitot surveys of the boundary layer were made to ...etermine the two-dimensionality
and repeatability of the flow and to gain an idea of the overall flow quality .
The region surveyed extended from x — 25 to x = 48 cm from the nozzle throat ,
from 0 < y < 1.65 cm above the plate , and from 1.65 cm < z < +1.65 cm. The
survey thu s covered approximately half the plate length, half the span, and
hal f  the height from the plate surface to the tunnel ceiling .

Figure 13 shows several vertical traverses of pitot pressure at fixed
x(=48.8 cm) for z = 0, ± 0.76 cm , and z ± 1.65 cm. It is seen that the pro-
fi les are (1) nearly ident ical , attesting to the two-dimensionality of the flow,
(2) typically turbulent, and (3) show that the freestream is quite uniform,
verifying the Schlieren records. Figure 14 shows continuous traverses taken
again at fixed x and along the z axis for various values of y. Again, the
two-dimensionality of the flow is apparent and it is noted that there are no - -

shocks or other wavelets evident in the surveyed volume. This implies that
there are no discontinuities , leaks, throat waves or other localized dis- : 1
turbance sources in the flow. H
2.4 TEST MATRIX

The matrix of final test conditions is shown in Table II which lists the three
streamwlse stations and three wall temperatures for which data surveys were
conducted and indicates the type of survey. In all cases the tunnel was
operated at P = .973 x i05 N/H2 (730 mmHg) and T0 = 318°K corresponding to
nominal M~ = and unit Reynolds number = 6.57 x l06/meter . Mean flow measure-
ments were made at all three x locations in order to document the streamwise
progress of the turbulent flow.
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SECTION 3
MEAN FLOW MEASUREMENTS

3.1 MEAN FLOW PROPERTIES

The mean flow profiles for the three axial stations and three wall temper-
atures indicated in Table 2 are presented in Table 3. The integral properties
8* and 8, toge ther with the static pressure (assumed constant across the
boundary layer) and the edge values of mass and momentum flux (used later in
shear stress calculations) are listed in Table 4. The pitot pressure variation
in the freestream was found to be unifort. (constant with y) or showed a small
linear increase with increasing y. The boundary layer thickness 6, was de-
fined as that point where the pitot pressure profile within the layer merged
with the straight line representing the distribution of pitot pressure in the
freestream. On this basis 6 was found to range from 0.75 to 1.0 cm (depending
on x and T

w
)a The corresponding Re

8 ranged from 3200 to 4400.

The velocity profiles for the three survey stations are plotted in Figures 15
to 17 for wall temperatures Tw/Toe of .94, .71 and .54, respectively. In
each case, the figure includes for comparison, the one-seventh power law
profile commonly used to characterize turbulent boundary layers . The agree-
ment between the data and the power law expression is close and indicates the
utility of the latter as a simple approximation to the turbulent velocity
profile. The data also indicate that the sublayer thickness is approximately
.058, corresponding to 0.04 to 0.05 cm, regardless of the test parameters.
In addition, for each wall temperature condition the velocity profiles are
apparently independent of x position, although in view of the relatively short
interval between survey stations (Ax fó 5) the agreement is not a conclusive
test of self-similarity . However, results described later in this section
confirm the maturity of the boundary layer flow and establish that self-
similarity is indeed a reasonable assumption. Figure 18, which is a plot of
u/ue versus y/~ at the mid-survey station, x = 38.79 cm for each surface
condition shows that the velocity profiles are independent of wall tempera-
ture as well as x station.

The total temperature profiles, To/T oe versus y/S, are plotted in Figures 19
to 21 for wall temperature ratios of .94, .71 and .54, respectively. Each
figure includes data from the three survey stations and, similar to the
velocity measurements, shows that the T0 profiles are independent of stream-
wise station. The data shows clearly the T0 overshoot expected for non-
unity Prandtl number flows and that the overshoot vanishes as the wall tem-
perature is reduced. In addition, the T0 profiles show that the thickness of
the thermal boundary layer coincides with the values of 6 defined above on
the basis of the pitot pressure. The T0 profiles, particularly for the
adiabatic measurements , also confirm that the sublayer thickness is about
0.05 y/8 . The effect  of wall temperature on the total temperature profile
is demonstrated in Figure 22 where To/ Toe versus y/ô at the mid-survey station
has been plotted for each wall condition. It is of interest to note, es-
pecially for the non-adiabatic cases, that approximately one-half the 
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i” T~, occurs across the viscous sublayer.

3.2 T VERSUS u/ue PROFILE S

While the velocity and total temperature profiles presented in Figures 15 to
22 indicate that the boundary layer is well behaved and charac teristic of
fully turbulent flow, a better insight to the turbulent structure is provided
by plotting T versus u/ue. It has become common practice to compare experi-
mental profiles to the linear Crocco relation T u/u e a The Crocco relation ,
however, is restricted to uni ty Prandtl number, an assumption made to eliminate
the turbulent shear stress terms from the energy equation. As a result , the
simple Crocco expression cannot predict the total temperature overshoot in
adiabatic , non-unity Prandtl number flows that has been observed in numerous
expe - . mental investigations and confirmed by the numerical analysis of
Van t

It 1’-is ~~~ further observed experimentally that the ~ - u/ue profiles for
bound~.y layers growing over aerodynamic models (flat plates , cones) differs
from those on nozzle walls (see, for example, the data review in Reference 2
as well as the results of References 3 and 4.~ The latter conform more
closely to the Walz5 quadratic law T = (u/u e)Z which is valid for 

~r < 1.0
but is limited to zero heat transfer. However, the Walz relation also ignores
the turbulent shear stress terms in the energy equation and, similar to the
Crocco expression , is unable to account for the T overshoot in the adiabatic
case. The quadratic behavior has been attributed several investigators 6’7
to various effects associated with the upstream history of the nozzle ex-
pansion which tend to delay the attainment of an equilibrium boundary layer
structure.

More recently , Meier, et al,8 and Whitfield and High9 have examined the
T - u/ue relationship for non-unity Prandtl number flows by including
approximate models for the turbulent shear stress distribution across the
boundary layer. The former present a numerical analysis, while the latter
derive an analytic solution which is used here for comparison to the experi-
mental data. For convenience, the solutions of Whitfield and High are
repeated:

T/T
CO 

+ — M~ (u/ue)
2 

- T / T
2

= (3-1)

1+— M
~~
- T

~
/T
~
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where , for the constant wall temperature (cold wall) case :

T/T OO — Tw/T~ + (1 + ~L~! M~, - Tw/T=
)u/u e - ~~~~~

— M~ (u/u e)2 (3-2)

( y i )  M~ (u/u e) 
~~ - (u/u e~~~

’)
(~+l) (~+2)

4(1 + ~~~~~~~ M~, - T~/Ta~
) u/ue 

2— (1 - (u/u e))
cy +l

~~~~~~~ (u/u ) - (u/u e)~~ +~~~ 
- (u/u e)~~ f (o)

+ (u/u e) f (1) — f (u)

and
ty l7.5

c l
~
Prm

Pr m, the mixed Prandtl number — c~ (~i. + 
~~
)/(k + kt)

f (u /u e) [(~ - ~~~~~~~~~~~~~~~~~~~~
(y-l)M.~,

~-l + M~ - T
~
/T
~ 

- (~~ l)M2 (u/u e)

- [2(~ -1)M~ (T /T ) + (1 + H2 
- TW/T~ )2] ½

8-
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while for the adiabatic case :

T/T 1 + ~ M~ \j1 
- (u/ue)2] (3 3)

I L.- (v_l~M2+ ~~ 
~~ -~~\ I m (1 ( / ) )

~~~~~
v-i

+ — 142 (1 - (u/u )2) + f ( l )  - f(u/ue)
2

where f(u/u ) is the same as for the cold wall case but now:

= - (y-1)M~, (u/u e)

2 ~‘-l ½
t~ = 2(v-l)M~~(l+-.~— M ~,)

To evaluate the above equations, it is necessary to know the mixed Prandtl
number Prm. Whitfield and High examined the variation of Prm, based on measured
recovery factors , as a function of Mach number and indicate that Prm is about
0.9 at M~ = 3. It was found that the results are insensitive to small van-
ations in Prm and the refore a value of 0.88 was selected for the present
calculations a

Equation 3-i evaluated for the adiabatic case (i.e., with Equation 3-3) is
shown in Figure 23 which includes the Crocco relation, the quadratic expression
and the experimental results for the three survey stations. It is clear that
the linear Crocco relation is a completely inadequate representation of the
data which instead is in good accord with both the results of Whitfield and
High and the trend of the quadratic law. More important the T0 overshoot cal-
culated from the theory confirms the experimental observations. The “kink ”
in the profile at u/u e = 0.6 corresponds to the edge of the sublayer and is
similar to the behavior observed by other investigatorsa3’41°

The results for the cold wall cases are shown in Figure s 24 and 25 for Tw/Toe’
0.71 and 0.54, respectively , where again both figures include the Crocco
relation and the data for the three survey stations. _ It is immediately evident
tha t with heat transfer, even at moderate rates, the T - u/ue profi le becomes
nearly linear and that the Crocco relation is now an accurate approximation
of the data. In fact, the theory of Whitfield and High indicates that the
shif t  to a linear-like behavior occurs quickly as the wall temperature is
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decreased below its adiabatic value .

The present results show that the ~ versus u/ue profiles in non-unity Prandtlnumber boundary layer flow s can be accurately calculated provided the turbu-
lent shear stresses are taken into account. While the Crocco relation appears
to be valid for finite heat transfer rates, it is not an appropri ate basis of
comparison for the case of an adiabatic wall when 

~r 
< 1.0. In view of the

agreement between the data and the Whitfield and High theory , it is suggested
that relaxation effects in nozzle wall boundary layers m a y  be less important
than previously considered.

3.3 SKIN FRICTION

It was originally intended to measure skin friction using a Preston tube and,
provided that the sublayer could be probed in sufficient detail, from the
slope of the experimentally determined velocity profile. However , the velocity
profile approached , bu t did not attain, a linear variation near the wall, so
that this method could provide only a lower bound to the skin friction coeffi-
cient. In addition, the Preston tube measurements indicated Cf values con-
siderably higher than implied by the trend of the velocity data. (This is
apparently a consequence of the large Scatter inherent in existing Preston
tube correlations.)

Consequently, the skin friction coefficient was calculated using two approaches.
The f i rs t  involved the correlation of Hopkins and Inouye U and the second is
based on Coles Law-of- the-Wake correlation .12 The results of the two procedures
are in good agreement with each other and with the trend indicated by the
velocity profiles and are therefore considered an accurate representation of
the skin friction.

The correlation of Hopkins and Inouye , which is based on the Karman-Schonherr
incompressible formula for Cf and utilizes the Van Driest velocity transforma-
tion, is expressed as:

1 2
— = 17.08 (Log 10~e8) + 25.11 Log10~e8 + 6.012 (3-4)
C

f

where

~ F c  , i(e = F R e  andf c f  8 8~~~

F rm/(sin~~ ~y + sin~~ ~)
2

Fe 
— Ue1’~w

— (2A2_B)/ (4A2 + B2)½

10

— a-- ~~~~~~~



-~ ~~~~~~~~~~ - — -  -~~~~~~~~

B = B/(4A~ + B2 )½

A = (rm/F)¾

B = (I. + nm - F)/F

F = Tw/Te

m = 0.2

r = 0.9

In the above expressi on , C f and Re8 are the compressible values of skin
friction coefficient and Reynolds number based on momentum thickness and
Cf and ~ee are the equivalent or transformed incompressible values.

Coles Law-of-the-Wake can be expressed as

= u*/u1. 2.43 ~,~(y+) + 5 + 2.43 W w(y/ô) (3-5)

where y+ 
~~~~~~~~~~~~~ 

u is the friction velocity (Tv/p )½, ~ is a parameter
representing the str~ng th of the wake component of t~e boundary layer , W is
the Coles tabulated wake function which is approximated by 2 sin2(riy/2~) and
u*, the generalized velocity proposed by Van Driest 13 to accoun t for the
effects of compressibility and heat transfer, is given by:

u* = ~~~fsin~~ 
2K1

2(u/ue
)_K2 ~~+ sin~~~ 

K2
K1 

(K2
2+4K1

2)½ 
~ 

‘I. (K22+4K 2)½~

K1
2 m/F

1(2 = (1 + m)/F - 1

where m and F have been defined in Equation 3-4.

The quantities u ,8 and 1~’ are treated as unknown constants and are determined
by adjusting their values until  the velocity data f i t s  Equation 3-5 with a
minimum rms error. Data for y + < 50 and y > 0.96 are excluded from the curve
f i t t i ng  process since the former are in or near the viscous sublayer and the
lat ter  are influenced by small errors in the velocity measurements.
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The transformed velocity profile for a typical case is shown in Figure 26.
The data for y + < 50 which was omitted from the analysis is included in the
plot for comparison with the theoretical sublayer and wall region profi les.
The agreement between the universal correlation and the data is considered good.
Once the parameters UT, 8 and Ti are determined the measured velocities can be
used to calculate the variation of W through the boundary layer. A comparison
of the calculated values of W and the approximation 2 sin2(rry/26) is shown in
Figure 27 where the agreement between the two completely jus t i f i e s  the use of
the trigonometric function in the correlation procedure.

The skin friction coefficients calculated from the method of Hopkins and
Inouye were consistently 107. greater than those deduced from the Law-of- the-
Wake correlation. However, the latter also resulted in values of 6 about
107. smaller than those defined from the pitot pressure profiles. This is
due to the fact that the velocity approaches its freestream value slightly
faster  than the other properties (density , total temperature , e tc .) .  Since
the correlation described in Equation 3-5 relies only on the transformed
velocity , the equivalent boundary layer thickness can be expected to be less
than 6 based on the experimental observations. In fact, the value of 8 found
in this manner can be considered as the velocity boundary layer thickness.
Consequently , the Law-of-the-Wake correlation procedure was modified by
specifying 6 in Equation 3-5 as the known 6 based on the pitot pressure profi le , - -

and the curve f i t  process carried out to determine only Cf and ?~. The skin
friction coefficients found by the modified procedure were slightly larger
than the results of the original method but still ranged from 2 to 10% less - -

than the results of Hopkins and Inouye. A summary of the skin friction cal- - -

culations is given in Table 5. It is noted that the values of ¶1’ range from - -

.57 to .84 for the Law-of-the-Wake correlation, while those for the modified — 

-

correlation vary from .42 to .72. In both cases ~ is close to the value 0.6
which is typical of flat plate, zero pressure gradient boundary layers.

A plot of C f versus Re8, using the results of the Hopkins and Inouye correla-tion and showing the influence of wall temperature , is shown in Figure 28.
The computed skin friction coefficients were compared with the data by con-
ve rting Cf to du/dy) wa1i and plotting the corresponding linear u versus y
relation. Typical results at the mid-survey station (x = 38.79 cm ) for each
wail temperature condition are shown in Figure 29 which includes also the
experimental velocity profile. While the data is not sufficient to accurately
determine du/dy)~~1l, the agreement between the trend indicated by the ex-
perimental velocity distribution and the results of Hopkins and Inouye is
encouraging.

The simp le Reynolds Analogy states tha t :

Ch q~w/P~U~cp(Tw
_Taw) = cf/2 (3—6)

since

— - k.~dT/dy)~
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then

= - 

Peuecp(Tw
_Taw) ~

dyw k 2w

so that it was possible to convert the calculated skin friction coefficients
C c to dT/dy)wali and then to compute the corresponding linear temperature-
distance profile adjacent to the surface. The results for the three survey
stations at a wall temperature of .54 Toe are shown in Figure 30, which in-
cludes the experimental profiles of TQ/T and T/Toea Both sets of data have
been plotted since the slopes d(To/Toe)/~~y/6) and d (T/Toe)/d(Y/6) becomeidentical at the surface where u = 0. The agreement between the linear pro-
file and the data is again considered good and thus provides further confidence
u-i the computed skin friction coefficients.

3.4 GRADIENTS OF VELOCITY AND TEMPERATU RE

In a recent paper, Horstmann and Owen’4 presented detailed data on the dis-
tribution of velocity and total temperature gradients across a turbulent
boundary layer. While their measurements were obtained for M~ = 7.2 and
Tw/Toe = 0a46 , it is instructive to compare the results of Horstmann and
Owen with those of the present investigation. Similar to Reference 14 a
simple two-point differencing scheme was used to convert the velocity and
temperature profile data to gradients in these quantities. The non-dimensional
gradients d(u/ue)/d(y/ô) and d(T /T )Id(y/ô) for the adiabatic ca se and
x = 35.05 cm are plotted versus ~~~~ in Figures 31 and 32, respectively , which
include also the results of Horstmann and Owen. Also shown in Figure 31 is the
velocity gradient at the wall computed from cf. The velocity gradients are
seen to be quite similar in spite of the difference in the heat transfer rates
in the two experiments a However, this difference obviously accounts for the
smaller total temperature gradients observed in the present test. The T0
gradient in the vicinity of the wall is replotted to an expanded y scale in
Figure 33 where it is seen that the scatter in the data is quite small and
that the y variation in the gradient can be accurately represented by the
dashed line drawn through the data points. This curve is redrawn in Figure 34
where the total temperature gradient at the x = 42.52 cm station for the
adiabatic ca se has been p lotted . The trend of the data at the downstream
station is in excellent agreement with the results of the upstream survey ,
thereby confirming the similarity in the total temperature profiles.

The gradients d(u/u~)/d(y/ô) and d(T /Toe)/d(y/ô) for the cold wall case
Tw/Toe = 0.54 are plotted against y/~ in Figures 35 and 36, respectively .
These figures include the gradients at the wall , y = 0, evaluated from cc,
and the results of Horstmann and Owen. Outside the sublayer, the distni~utions
of d(u/ue)/d(y/6) across the boundary layer are in good agreement for the two
experiments , demonstrating again the relative insensitivity of the velocity
profile to the freestream conditions. (The gradients near the wall will differ ,

13
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of course, due to differences In the skin friction.) Since the wall tempera-
ture ratio Tw/Toe of the present test is similar to that of Reference 14, the
distributions of the gradients d(To/Toe)/d(y18) are also in good agreement.

The gradients of velocity and total temperature are plotted to an expanded
y/ô scale in Figures 37 and 38. These figures illustrate clearly that the
trend of the experimental data, indicated by the dashed lines faired through
the data points, is in good agreement with the wall gradients determined from
the calculated skin friction coefficients. Similar findings were observed
for all the test conditions of the present experiment, reinforcing the earl
conclusion, based on Figure 29

~ 
that the results of the Hopkins and Inouye1

and the Coles Law_of_ the_Wakel2 correlations provide an accurate representation
of the skin friction.

-

• 3.5 INTEGRAL PROPERTIES

The values of the boundary layer thickness 8, the displacement thickness 6*
and the momentum thickness 8 listed in Table 4 are plotted against wall
temperature ratio Tv/Toe in Figure 39. As expected , the momentum thickness
8 increases with decreasing temperature (about 5 to 10% for a 50% reduction
in Tw) while 6* diminishes (about 20%). The corresponding values of Reynolds
number based on momentum thickness ReO are plotted as a function of x station
for each wall temperature condition in Figure 40. Since the freestream unit
Reynolds number was essentially constant for all test conditions, the vari-
ations in Re8 reflects the change in 8.

The incompressible shape factor is defined as: -

r 
~
(l- ~

) dy F
H
~

~ 
~~~~~~~~~ 

(1— a) dy

which , for the incompressible case, reduces to 6*18. A plot of this parameter
versus Re8 is shown in Figure 41 where it is compared to the results of pre-
vious investigations of supersonic boundary layers with zero and favorable
pressure gradient.4 The present data show relatively little effect due to
wall temperature, reflecting the fact that the velocity profiles are essentially
independent of T

~
. Interestingly enough, while the present data correspond to

a slightly adverse pressure gradient ~ = +0.04, they are in better agreement
with the trend of the favorable pressure gradient results of Reference 4
(3 = -0.1 to -0.2) than the zero pressure gradient results of Reference 3.
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3 • 6 CALCULATION OF TURRULENT SHEAR STRESS

Under suitable assumptions, the turbulent shear stress can be extracted from
experimental mean flow data. For a two-dimensional compressible flow, con-
tributions from the flow fluctuations yield the following expression for the
turbulent shear stress:

— ( p ~~~ + ~~~~~ + v~~P + p ’u’v ’ )

The second term can be masked by reformulating the governing boundary layer
equations in ‘~ ass-averaged” coordinates, so that the above shear expression
reduces to:

— ( ~~~~ + ~~~~~~~~ ÷~~~çr) = — (pv)’u ’

~
y

If, in addition , the last two terms on the left hand side are assumed to be
negligible , the expression for the turbulent shear stress reduces to its
incompressible form ~(p~

1
~~)/~y. However, for complete generality, the

compressible formulation will be retained.

The time-averaged conservation equations for the two-dimensional flat plate
boundary layer are:

— - 

Continuity :

~(pu)/~x + ~(p;~)/~y = 0 (3—8)

Mornen turn:
+ ~(Pu~)/~y -dp/dx + 

~T/~Y 
(3-9)

where ~ = v + p~v / p  and the total shear stress T is the sum of a laminar and
a turbulent term:

T = TL + TT

= ~~u/~y - (pv)’u ’

In preceding paragraphs , the present data were shown to be representative of
a fully developed turbulent boundary layer and evidence was presented which
indicates that the mean flow profiles are self-similar, i.e. that u/ue,

~‘~e’ 
etc., are functions of only y/6. This allows then ~f/~x to be replaced

with ~~~~~~~~~~~ for constant y/ô , where f = Pu or pu2. Integrating Equation
(3-8) with respect to y yields an expression for P~

’ which can be substituted
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_________________
into Equation (3-9). The lat ter  can then be integrate~ with respec t to y/6
yielding the following expression for the total shear:

P:ue
2 

= + 

Lue
2 ~~ eUe~~ 

+ ~~ (~~)d

(3-10)

_ _ _  

~~~~~ 

+ 

t 

~~

PeUe 6 dx

where it has been assumed that the static pressure is constant across the
boundary layer.

Evaluation of T/P u 
2 using Equation 3-10 was restricted to the midsurvey

station (x = 38.Z~ ~m) for each wall temperature condition. The x derivatives
of ~ Ue and p u were found by applying a simple two-point differencing scheme
to t~e edge p~$erties listed in Table 4, yielding average values between the
first and second stations and the second and third stations. These values
were then further averaged to determine the derivatives at the midsurvey
station.

Since the boundary layer thickness 6 was determined from inspection of the
measured pitot pressure profile , its value was influenced by the density of
data points near the edge of the layer and by small errors in the pressure
measurements. Therefore, 8 lacks the precision of the integral properties,
which depend on the variation of velocity and density within the boundary
layer and are insensitive to the location of the edge of the layer. The un-
certainties in 8 are further accentuated in determining dô/dx since the in-
crease in the boundary layer thickness is relatively small over the limited
interstation intervals of the present tests. Consequently , it was assumed
that 5 could be related to the momentum thickness e through a simple form
factor k so that S = k8 and dS/dx = kde/dx. The value of k was the average
value for the three survey stations.

The streamwise derivatives used in Equation 3-10 are listed in Table 6 whqe
it is seen that the dS/dx term is 4-5 times greater than the Peue and PeUe
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derivatives and as much as 30 times greater than the dp/dx term. Nevertheless,
as shown later , the dp/dx term cannot be ignored since it balances the con-
tributions from the PeUe and Pe’~~

2 derivatives which are of opposite sign.
It is further shown that the do/ax contribution is dominant since the shear
stress evalua ted ignoring all derivations except dS/dx is similar to the
result obtained with all terms included.

The calculated shear stress distributions for Tv/Toe = .94, .71 and .54 are
shown in Figures 42-44, respectively . In each case, it is seen thdt the shear
stress does not completely vanish at y/O 1.0 , probably re f lec t ing  errors in
evaluating the streamwise derivatives. However, the discrepancy is not large ,
with the maximum residue occurring for the adiabatic case where it is negative
in sign and only about 15% of the wall shear. The results , overall , are con-
sidered quite satisfactory .

— Figure 43 shows the effect of neglecting all derivatives except dO/dx. The
resulting shear stress distribution is everywhere within 10% of the results
of the complete solution showing the significance of the dO/dx contribution .
Also indicated is the magnitude of the dp/dx contribution , illustrating the
necessity of including the small but finite static pressure gradient observed
in the mean flow measurements in order to achieve a complete momentum balance.

A final plot of the turbulent shear stress, normalized now by the wall shear,
is shown as a function of y/O in Figure 45. The results for each wall temp-
erature are presented and inc luded also is the “best estimate” suggested by
Sanborn15 based on his review of both hot wire measurements and mean flow
calculations for Mach numbers ranging from 0 to 6.8. The present results are
seen to be in good agreement with ~~~~~~~~~~~~~~~~~~~~ distribution and furthermore
indicate that the shear stresses are insensitive to wall temperature. The
latter finding is not surprising since it has already been shown that to first
approximation the dPeue/dx, dpeue2/dx, and dpe/dx terms can be omitted and
the shear stress given by

Yb
P U e

Z = ~ ÷ )~J P
~~~~~~~~

2 d ( ~~)

(3— 11)

• 5 L ~

It has already been demonstrated that u/ue is essentially independent of
Tw/T9e and cf varies by about 10% over the range Tw/Toe = 0.94 to 0.54. The
density ratio P’~e, 

plotted versus y/S in Figure 46, is also seen to be
largely insensitive to Tw/TOe except for the region near the wall , y/S < 0.2
where the integral terms are small compared to cf/2. Thus, according to

17 
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Equation 3-11, the shear stress distribution can be expected to be weakly
dependent on wall temperature .

With the turbulent shear stress distribution determined from the mean flow
profiles, it is possible to calculate the mixing length -c-, and the eddy vis-
cosity e. These quantities are defined as:

T
t 

= p~’
2

I~ uThy l~ u/~y P c ~u/~y (3-12)

from which the normalized mixing length can be expressed as:

2\ (TT/peue
6 

= 

~ 
(P’Pe) [

~
(u/ue)/~(y/6)J

2 (3-13)

The mixing length distribution is plotted in Figure 47 where i t  is compared
to the results of Horstman and Owen’4, obtained at M~, = 7.2 and Re8 from
ranging 4900 to 9700, and to those of Yanta and Lee’~ acquired at N0, = 2.9
and Re8 from 10,000 to 14,000. Included in the figure is the mixing length
calculated by Maise and McDonaldl7 on the basis of a correlation of earlier
two-dimensional , adiabatic supersonic flow measurements. They found that for
110, up to 5 and Re8 from ~~ to lOs, the Mach number and Reynolds number e f f ec t s
are quite small and generally within the experimental uncertainty of -t-/6 , so
that for this range of conditions the mixing distribution could be represented
by the incompressible variation of -~/8 versus y/8. As seen, the present re-
sults compare favorably with the Haise and McDonald17 model throughout the
entire boundary layer, although they indicate slightly lower values for
y/S > 0.5. The present data also show a slight separation due to Tv/Toe and
surprisingly, while the separation is small , it suggests that -t/8 increases
as Tw/T e decreases. It is of interest to note that the results of Horstman
and Owe~ 

14 and Yanta and Lee’6 are in agreement with the present findings
and the correlation of Maise and McDonald only near the wall (y/O < 0.2).
For larger y/8, the results of references 14 and 16 are 20 to 30% less than
the value indicated by the correlation.

Solving Equation 3-12 for e yields:

C TT / p u
2

/Pe) )t1e)1’~
(y1’S)) (6i

*/5) (3-14)

where it has been shown by Maise and McDonaldl7 that when s is normalized by
the kinematic boundary layer thickness S*j , its distribution across the
boundary layer is sensitive to Mach number and to Re 8. The present calculations

18



—•• -  - -~~ ~~~~~~~~~~~~~~~~~~~~~ 
- -

of eddy viscosity are plotted in Figure 48 where they are compared to those
of Horstman and Owen14 and Yanta and Lee’6 and to the Maise and McDonald’7
model. It is seen that for y/6 > 0.2 the present results are s ign i f ican t ly
larger than both those of References 14 and 18. However, they are in reason-
able agreement with the predictions of Maise and McDonald although yielding
slightly larger values for y/8 < 0.3 and slightly smaller values of normalized
eddy viscosity for y/6 > 0.3. In particular, the peak value of C/U

e
S*

i 
= 0.02

at y/O 0.3 calculated in the present case is in agreement with the maximum
value deduced from the Maise and McDonald model. Again , the trend ui the
present data suggests a slight wall temperature effect with c/ueO*i increasingas Tv/Toe is reduced.

In closing , it should be mentioned that in a recent paper, Lee and Smith’8
presented the results of a study at Mach 5 of the effect of wall temperature
on shear stress , mixing length and eddy viscosity, with the transport properties
calculated using the “inverse” procedure described above. Their measurements ,
also obtained on the nozzle wall , led to shear stress values, however, which
were considerably less than those expected from Sanborn’s “best estimate ”,’5
with the discrepancy attribu ted by the authors to the influence of upstream
heat transfer. A similar decrease was observed in their results for mixing
length and eddy viscosity . Although the present study was carried out in a
wind tunnel channel similar to that used in Reference 18, no such effect of
upstream cooling was detected .

A study of wall cooling effects on hypersonic boundary layers (Mach 11) has
been reported by Watson.19 While his findings were in general agreement with
those presented here, the influence of cooling was somewhat obscured by the
larger effects associated with the low Re+ conditions of his experiments.
In an earlier paper , Bushnell , et al2° examined the effect of Re+ on the
outer region (i.e., y/O = 0.5) mixing length. They demonstrated that in the
low Reynolds number regime, the (

~
6/O)m for flat plates incfeases significantly

with decreasing Re+, while for nozzle walls (~
t/6)m decreases slightly as Re+

decreases a They attributed the difference in behavior to the fact that flat
plate measurements are generally made near the end of the transition zone and
are therefore , influenced by the transitional flow structure, while for nozzle
walls , the measurement station is usually far downstream from transition where
the transitional structure has vanished. While Bushnell , et a12° conservatively
selected Re+ = 2000 as the lower bound for fully developed flow, both their
data and Watson ’s2’ recent assessment of ~~~~~~~~~~~ low Re+ mixing length
model indicates that fully developed flow persists for Re+ as low as 500.
Although the minimum Re+ in the present experiments was 350, the agreement
shown with the high Reynolds number data of other investigators indicates
that low Re+ effects are absent. The results, therefore, are considered

• representative of a fully developed flow and provide systematic evidence of
the influence of wall temperature on the detailed structure of turbulent
compressible boundary layers.

19 
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SECTION 4

SUMMARY AND CONCLUSIONS

On the basis of the preceding discussion , the results of the mean flow measure-
ments can be summarized as follows:

1. For each wall temperature condition, the boundary layer appears to be
well behaved , two-dimensional , and fully equilibrated. The normalized velocity
and total temperature profiles are independent of stream wise location im-
plying a self-similar boundary layer flow. The nominal boundary thickness
was one centimeter, while the thickness of tie sublayer was 0.04 to 0.05 cm.
Since valid flow measurements extended to within 0.01 cm of the surface, this
marks one of the few instances where the sublayer flow has been documented.

2. Within the extent of the measurements, no evidence of a linear velocity
profile near the wall was observed even for the adiabatic case. Therefore ,
the surface shear stress was calculated using the empirical correlation of
Hopkins and Inouye and by curve fit of the velocity profile to the Coles
incompressible “Law-of-the-Wake.” For all test conditions, the results of
the two procedures agreed within 5-107. and were in good agreement with the
trend of the experimental data. The “Law-of-the-Wake ” curve fit also indicated
a wake parameter of approximately 0.6 which is characteristic of zero pressure
gradient, flat plate boundary layers. Using the computed skin friction co-
efficients and the simple Reynolds Analogy, the temperature gradient at the
surface was calculated and, for the low wall temperature case in particular ,
conformed closely to the measured temperature profile. These calculations
further substantiate that the boundary layer flow was fully equilibrated and
self—similar.

3. The experimental profiles of total temperature versus velocity were also
found to be in good agreement with predictions based on the theory of
Whit f ield and High for the case of non-unity Prandtl number. For the adiabatic
wall condition, the results exhibited the expected temperature overshoot near
the outer edge of the boundary layer and a quadratic-like behavior within, the
boundary layer. This differs considerably from the linear Crocco relation,
which arises from assuming a unity Prandtl number and therefore cannot account
for a total temperature “overshoot”. The results further indicate that with
increasing heat transfer , the total-temperature-velocity profile quickly
approaches a linear-like relationship independent of the Prandtl number.
Consequently , the present resul ts  demonstrate clearly that, for near adiabatic
walls , the Crocco relation does not provide a valid test of the boundary layer
flow for practical cases where the Prandtl number departs from unity.

There are a number of boundary layer transformations and correlations which
ut i l i ze  the linear Crocco relation in their derivation. In view of the above
finding, the validity of these correlations may be questioned. It should be
pointed out, however, that in the adiabatic case, the Crocco parameter T is
extremely sensitive to uncertainties in the total temperature. In the present
instance, for example , where Toe~Tw is only 5 to 10% of Toe, using the extremesof a constant T0 on the one hand and a linear T0 variation on the other, produces

20



a difference of only a few percent in the corresponding profiles of velocity
and density. Hence the mathematical simplification afforded by the Crocco
relation justifies its use in approximating the T0-u variation. The point
to be emphasized is that the Crocco relation, cast in its usual form T versus
u/u e, cannot be used to judge the quality of the boundary layer flow .

4. Finally , the distribution of turbulent shear stresses at each wall tern-
perature condition was determined by means of the “indirect” method of in-
tegrating the “time averaged” conservation equations across the boundary
layer using the experimental mean flow profile data. The results, normalized ,
by the wall stress, were found to be only slightly dependent on wall tempera-
ture over the range investigated, and were in accord with similar calculations
by other investigators. Further clarification of this point awaits the actual
f luctuat ion measurements. In addition , values of mixing length and eddy
viscosity deduced from the computed turbulent stresses are in excellent agree-
ment with the correlation derived by Maise and McDonald for freestream Mach
numbers ranging from 0 to 5.

21
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TABLE 1

LOCATION OF PRE SSURE TAPS (P) AND
THEBMOC(XJPLES (TC) ON PLATE SURFACE

SENSOR X (CM) Z (CM )

P1 8.9 -2.03
P2 8.9 0
P3 8.9 2.03
P4 20.3 -2.03
P5 20.3 2.03
P6 34.3 -2 .03
P7 34.3 2.03
P8 45.7 -2.03
P9 45.7 2.03

TCI 11.4 —2.03
TC2 11.4 0
TC3 11.4 2.03
TC4 17.8 0
TC5 20.3 -0.25
TC6 27.9 -2.03
TC7 27.9 0.38
TC8 27.9 2.03
TC9 40.6 -2.03
TC1O 40.6 -0.38
TC11 40.6 0.38
TC12 40.6 2.03
TC13 54.6 -2.03
TC14 54.6 2.03

22



TABLE 2
MATRIX OF TEST CONDITIONS

P0 = .973 x 1O5 N/M2

T0 = 3l8°K

= 3 (nominal)

Re0, = 6.57 x l06/meter (nominal)

Tw/ Toe
X (cm) .94 .714 .54

35.05 Pt,Tt(111) Pt,Tt(112) P
~
.Tt(l l 3)

38.79 Pt,Tt(l2l) Pt,T~
(l22) Pt,Tt( l 23 )

42.52 Pt,Tt(13l) Pt,Tt(l32) Pt,Tt(133) 
- 

-

- pitot pressure survey

Tt - total temperature survey

Number in parenthesis denotes run number

23
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Table 3
Suninary of Mean Flow Profiles

MEAN FLOW PROFILES, PUN NO 111

P0,N.’M2= 97309
T0,DEG K 318.8889
TW,DEG K 298. 3333
X,CM= :35.052
RHOE,X6/M3= . 0778892
UE,M/SEC= 644.666
RHOEUE2~N/M2= :32287.14
RHOEUE~KG’N2~EC= 50.18182
RE,M—1 6454139

YrD M U/UE RHO’PHOE
T.’TE TO/TOE RE/PEE H

.0:508 .0060096 .4144576 .218966 .3876679
2. 579528 .9367443 .0:367728 .0186813

.007112 .00841:35 .4592525 .241783 .:390:3951
2.561507 .9372396 .0411138 .0263655

.01016 .0120192 .5068813 .2657907 .39:35:372
2.541056 .9379668 .0458454 .02.76467

.013208 .015625 .5693154 .2968313 .3980516
2.512237 .9:391817 .0522502 .056495:3

.1:116256 .0192308 .6828507 .:3518992 .40744:3 9
2.454325 .9420319 .064576 .1007119

.018288 .0216346 .7530869 .3849568 .41411:32
2.414799 .9439615 .0727238 .1:306453

(‘2235 2 . 0264423 . 8695768 . 4379248 . 426648
2.34:3852 .9473373 .0872748 .1830168

024384 .0288462 .9560002 .4756756 .437066
2.287984 .9501 0:33 .09900:3 .2259266

.026416 .03125 1.025493 .5050121 .446184:3
2.241226 .9523567 .1090971 .2608855

029464 .0348558 1.085376 .5295609 .45455 01
2.199977 .9543557 .1183073 .2918967

.0:32512 .0384615 1.140573 .5515664 .4627045
2. 161207 .9561821 .1272575 .3202304
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Table 3 (continued) Run 111

.1:13556 .0420673 1.179592 .5667393 .468759
2. 133292 .9573926 .1338802 .3390093

.037592 .0444712 1.21286 .5794464 .474(1759

2.109:367 .9584441 .1397171 .3553215

.1:4064 .0480769 1.252842 .5944 074 .4807036
2.080284 .9596298 .1469929 .37:37166

.‘:l42672 .0504808 1.281805 .6050475 .48564:37
2.05912:3 .9604821 .1524392 .2.869381

.1:1467 :36 .0552885 1.319222 .6184895 .4922929
2.02.1311 .9613904 .1597428 .4010298

1:14:3768 .057692:3 1.3:37463 .6249(119 .4956701
2. 017471 .9617051 .1634286 .4059122

(153:348 .06:37019 1.381844 .6402178 .5040987
1.9837:38 .962436 . 1726825 .4172497

. 1:159944 .0709135 1.41621 .6517072 .5109787
1.957029 .9626908 .1802(161 .4212028

.1:64008 .0757212 1.433046 .6572051 .51448:31
1.943698 .9626804 .1840212 .4210424

.1:169088 .08173 08 1.461174 .6663556 .5202889
1.922009 .9629248 .190472 .424832.6

(175184 .088942:3 1.492648 .676403 1 .5269346
1.897769 .9631693 .1979145 .428626

(180264 .0949519 1.516603 .6839377 .53206:38
1.879474 .9633973 .2037246 .4:321642

1:187376 .1033654 1.537025 .6902161 .5365925
1.863612 .9634268 .2088357 .4326215

.1:90424 .1069712 1.550986 .6945452 .5:395948
1.85:3242 .9636765 .2123223 .4364944

095504 .1129808 1.569384 .7001944 .54:359:34
1.83961 .9640035 .21699 05 .4415677

.100584 .1189904 1.584533 .7048161 .5468948
1.828505 .9643184 .2208832 .4464524

.114808 .1358173 1.629033 .7183586 .5564551
1.79709 .9657958 .2324726 .469:372:3

.127 .1502404 1.665448 .7294161 .5641103
1.77270:3 .9676223 .2421142 .4977075
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Table 3 (continued) Run 111

.141224 .167067:3 1.700322 .7404494 .570590:3
1.752571 .9710779 .251051 .5513174

.153416 .1814904 1.734749 .7499756 .57892.79
1.727301 .9714194 .2612515 .5566151

.166624 .1971154 1.768438 .7585958 .5880465
1.700546 .9704647 .2720634 .54180:33

.17:3816 .2115385 1.796202 .7658646 .5951947
1.680122 .970485 .28rj9428 .542119

.2(16248 .2439904 1.864278 .7841479 .6116149
1.635016 .9730386 .3026949 .5817341

.2-32664 .2752404 1.9:30994 .8015961 .6279189
1.592562 .9760884 .325116 .6290471

.260096 .:3076923 1.995359 .8178154 .6441462
1.552442. . 9790472 . :348 0439 . 674949

.2:37528 .3.401442 2. 062177 .8339637 .6616228
1.5114:35 .9819589 .3733549 .7201198

.313944 .:3713942 2.121628 .8481604 .6770728
1.476946 .9853469 .:3967156 .7726785

.:34036 .4026442 2.19:3358 .86:38:388 .697600:3
1.433486 .9875064 .4276958 .8061808

.:366776 .432.8942 2.25448 1 .8773623 .7144768
1.399626 .9908988 .4546928 .8588088

.379984 .4495192 2.27929 .8826792 .721516:3
1.38597 .9921771 .4661175 .878639

.393192 .4651442 2.324081 .8917777 .7349238
1.360685 .9937766 .4878521 .91:1345:35

.4064 .4807692 2.347155 .896485:3 .7417375
1.348186 .9948511 .4992023 .9201229

.417576 .49:39904 2.377903 .9025375 .7511223
1.:33 1341 a 9960026 .5148804 .937987

.432:316 .5120192 2.41118 .9090217 .7613139
1.:313519 .9973679 .5322273 .9591675

.446024 .5276442 2.445929 .91565 .7721144
1.295145 .9987656 .5508906 a9808496

.459232 .5432692 2.479~56 .9216103 .78:30709
1.277024 .9995094 .5697971 .992:3892
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Table 3 (continuea) Run 111

.471424 .5576923 2.514953 .9278765 .7949364
1.257962 1.000338 .5906364 1.00524

.4:35648 .5745192 2.53539 .9319666 .8008325
1.248701 1.002022 .6018089 1.031:376

.49:3856 .5901442 2.580699 .9397956 .8159444
1.225574 1.003412 .6293235 1.052935

.512064 .6057692 2.602642 .9433976 .82:355.39
1.21425 1.003838 .6432592 1.059545

.525288 .6225962 2.630312 .9478722 .82:32358
1.20014 1.004376 .6612089 1.067893

.54I~512 .62.94231 2.658274 .952309:3 .8431331
1. 1:36052 1.004901 .6798(108 1.0760:3 9

.552704 .6 5:38461 2.690658 .9573472 .8547335
1.169955 1.005493 .7019098 1.0:35214

.566928 .6706 731 2.710966 .96 04984 .86200 (7
1. 160092 1.005952 .715996 1.092:3 34

5301 36 .6862981 2.744737 .96543(16 . :374~~055
1. 143373, 1. 006246 .740461 1. 096:399

.592:328 .7007212 2.77465 .9695907 .8861195
1.128516 1.006254 .76:30116 1.097019

.5065 52 .71754:3 1 2.790765 .9715455 .8928:387
1.120023 1.005734 .7759988 1.088961

.E.1976 .7:331731 2.821067 .97592 09 .9041707
1. 105986 1. 006336 .7991049 1. 098287

.631952 .7475962 2.846095 .9796824 .9132:318
1.095012 1.007256 .8181228 1.11257

.646176 .7644231 2.875559 .9836091 .9248095
1.081304 1.007446 .8421037 1.115517 -•

.659384 .780048 1 2.893487 .9856136 .9:32572:3
1.072303 1.006848 .8578901 1.1062:3

.~ .71 576 .7944712 2.914539 .9879066 .9418047
1.061791 1.006094 .8768286 1.094533

.684784 .810(1962 2.930635 .9900071 .9481997
1.05463 1.006275 .8905621 1. 097354

.s~ 9008 .8269231 2.948245 .9921195 .9555466
1.046521 1.006146 .9062:377 1.095:34
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— Table 3, (continued) Run 111

.7112 .8413462 2.963:373 .9935778 .9625464
1.0:38911 1.0(15353 .9208237 1.083042

.724408 .8569711 2.973682 .9943222 .9678044
1. €133267 1.0(14:331 .9315479 1.067196

.7:37616 .872596 1 2.987112 .9955316 .9741948
1.026489 1.00:3514 .9449731 1.054507

.75184 .8894231 3.004409 .9974567 .9817088
1.018632 1.003245 .9613979 1.050:339

.765048 .9050481 :3~ 0 1224 .9979781 .9858024
1.0144 02 1. 002435 .96991 1. 0:37774

.77724 .9194712 :3.01849 1 .9982494 .985360:3
1.01 0754 1.001506 .9771672 1.023:357

.7~9248 .9375 3.02 1612 .9979566 .9919892
1.008075 1.000186 .9820646 1.002884

.8(1568:3 .953125 2.. 026288 .9981284 .9947192
1.0052 09 .9994371 .9876:345 .99 12678

:318896 .96875 3. 034843 .9989497 .9987071
1. 001295 .999092 .9963724 .9859145

:3 3:3 12 .9855769 :3. 047247 1. 000504 1. 003761
.99625:31 .999:3:389 1.008034 .9897438

:3453 12 1 :3. 04 1051 .9995812 1.00153
.9984722 .9989202 1.0026:3 8 .983248:3

1.015625 :3.04415 .9996834 1.003368
.9966437 .9984108 1.006418 .975346:3 —

.872744 1.02.2452 :3. 041051 .9990267 1.0(12642
.9973647 .9978122 1.004306 .966059:3

:3:35952 1.048077 :3. 044925 .9991718 1.004906
.9951177 .9972115 1.0(18988 .9567407

.900176 1. €164904 3. (‘48794 .9993853 1.007031
.9930177 .9967511 1.013473 .9495982

.912-368 1.079327 3.048794 .9993:314 1.00714
.9929105 .9966435 1.013637 .947929

.925576 1.094952 3. 05034 .9997867 1.007244
.9928081 .9971982 1.014:308 .9565:349
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Table 3 (Continued) Run 111

~4 ’~31E. 1.112981 :3.048794 .9998104 1.006175
.9938626 .9975992 1.012182 .9527554

.9540 24 1.1286 06 :3.05729 1.000188 1.011027
9890929 .9964146 1. 022348 .9443784

.955216 1.14:3 029 3. 054203 .9996172 1.010139
• .9899626 .9959792 1.019971 .9376241

.979424 1.158654 2.. 054975 .9997106 1.010461
.989647 2 .9959897 1. 020717 .92.77862

.99262.2 1.174279 3.05034 .99908 1.00867
.9914049 .9957889 1.01646 .92.46713

1. (103:3 08 1.1875 3.056519 .9999211 1.011036
.9890841 .9960782 1.022104 .9:391587

1. 020064 1.206731 3. 057827 1. 000434 1. 0108:35
.9:3923 18 .9967827 1.022313 .9500887

1.03 2256 1.221154 :3.05729 1.000355 1.010689
.9894242 .9967484 1.021835 .9495557

1.036:3 2 1.225962 3.05706 1.000335 1.010578
9:395332 . 9967602 1. 021589 . 94974

tIEL’-: TAR ,CM= .2742376
T H E T R,C M=  . 0 5 0 7 1 4 2

RE THETA= 3273. 162
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Table 3 (continued) Run 112

MEAN FLOW PROFILES, RUN ND 112

P0,N/M2= ~~~7~~~~09
T Q,B E G  K= ~~~1~~~~ .8889

TW ,DEG K= 227.7778
X,Ct1= 3~ 0~ 2
RHOE,KG’M3~ . 0~~~~~~ 4~~~ 45
IJE,M/SEC= 643.2428
RHOEUE2, N/M2= 32790.7
RHOEUE,KG/M2SEC= 5 1.0 7 7 2 3

• RE,M—1= 6516402

i ‘~CM::. ‘
~‘~t’ M U’IJE PHO’RHOE
T/T E  T O/T O E  RE/PEE H

.00508 .0061881 .4873122 .2:340194 .4751265
2.104702 .7803326 .0567365 .2311641

.009144 .0111386 .5884648 .2857532 .4646837
2.152001 .8144461 .0665399 .3505614

.01016 .0 123762 .6501583 .3149739 .46686 09
2.141966 .8222346 .0739685 .:3779213

.012192 .0148515 .7093012 .3427999 .4691142
2.131677 .8304179 .0812094 .4064626

.0 1:31064 .0159653 .7493579 .3610415 .4720227
2.118542 .834(1636 .086496 .4192228

.0145288 .017698 .7824422 .3762539 .4738503
2.1102.71 .838417? .0907755 .4:34462

.0159512 .01942.07 .8097158 .3884664 .4760548
-

• 2. 100599 . 8409923 . 0945159 . 4434732
.0170688 .0207921 .8356109 .3998597 .4785104

2. 089819 .8429795 .0982025 .4504283

.0 18288 .0222772 .8871044 .4220088 .484178
2. 065356 .8460815 .1058877 .4612854

.0194056 .0236386 .934017 .4418515 .4896 158
2.042418 .8490369 .11:31468 .471629

.0210:312 .0256188 1.00589 .4716187 .4984449
2. 00624 .853799 .1247758 .4882965

.112:31648 .0282178 1.059629 .4936519 .5048528
1.980775 .8585261 .1336932 .5048415

.0239776 .0292079 1.09943 .509316 .510574?
1.958577 .8608192 .1408132 .5128671

.11247904 .030198 1.119647 .517286 .5133327
1 . 9 4 8 0 5 4  .8623806 .1 4 4 4 3 6 7  .5 1 8 332 1  

--f- ~~~~~~~~~~~~ J



Table 3 (continued) Run 112

.0252 128 .03193 07 1.169062 .5361627 .5209:311
1.91964 .8651705 .1 5 3 8 0 1 7  .5280967

. 0342822 1.193732 .5456982 .524 333 3
1.907184 .8674266 .1584218 .53599?

(292704 .0:36:3861 1.2 25608 .557767 .5290492
1.890183 .8700132 .1646158 .5450462

.0312928 .038 1188 1.252646 .5677864 .5333167
1.8 75058 .8719454 .1700715 .5518091

034544 . 0420792 1.293717 .5828867 . 5~~~77
1.852641 .8752364 .1785112 .55 -33275

.1:1 :52712 .04418.32 1.331497 .5961141 .5466638
1.829278 . 877 0425 . 1868926 .5696468

• .1:1393272 .0485149 1.361179 .61:165556 .5518081
1.812224 .8791193 .1934897 .5769177

.0419508 .0 51112.9 1.393493 .6176387 .5577495
1.79292 .8810522 .2009722 .5835825

. I:143:;:.3 2 .0528465 1.401856 .620613 •559(165:3
1.788695 .8819:361 .202825 . 5867765

(147040:3 .057302 1.424979 .6287178 .5628647
1.77 6626 .884206 .20807 .5947211

.049276 .0600248 1 .442857  .6 3 4 8 413  .5659981
1.76679 .8857237 .2122725 .60(1 1:328

052:332 . 064:3564 1 . 466849 . 6429864 . 57025(16
1.75:3615 .8877844 .2180061 .6072453

(154 :364 .0668.317 1 . 4 8 1 6 42  .6478983 .5 7:302 18

1.7451:3 4 .888879 .2 2 1 6 6 0 1  .6111:1765

. (:5~ 944 . (i73(l~~98 1 .498~~~f l8 .~~~~~~~~64R~~ ~~~~~~~~ 
:~~~

1 .7:3~~,56 .8903�~~1 .~~~S92~~ .tlt.
ii~,543i~4 . 07970:3 1 .532787 .6640742 .58:37527

1.71:3054 .8912352 .2351787 .6193231

.1:705104 .0858911 1.553915 .6707219 .5881226
1.7003 26 . 8924627 . 2 4 0 8 59 2  .6236194

.09 17079 1.573248 .6771585 .5914421
1.690783 .8946899 .2457382 .6-314147

.0808736 . 0985149 1.593774 .6842187 .5945142

1.682046 .8978072 .25(17142 .6423251

. 0 2 5 2 5 84  .1 0 5 0 7 4 3  1. 61 4 008  .6909945  .59781)57
1.672782 .9005482 .2558236 .6519186

. ‘ l ~~~ 1 3464 .1 1 1 8 8 1 2  1 .631128 .6967984 .6004271
1.665481 .90:31679 .2600908 .661 0876

.0968248 .1179455 1.645242 .7014:396 .6028062
1.65:3908 .9050339 .2637674 .5676188
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Table 3 (continued) Run 112

.1096264 .1335396 1.686272 .7135742 .6118929
1.634273 .9074076 .2759561 .6759266

.1220216 .1486386 1.724578 .7252118 .6196332
1.613858 .9109993 .2871498 .6884976

.1345184 .1638614 1.761466 .737287 .625422.4
1.598917 .9171203 .297(1774 .7099209

.14:31:328 .1804455 1.794975 .7466843 .63320(19
1.579278 .9191785 .3079412 .7171246

.1616456 .1969059 1.817779 •753:3554 .62.79415
1.567542 .9214897 .3150886 .725212.9

.17495 52 .2131188 1.858799 .7681159 .641667.3
1.55844 .9:32777 .3248085 .7647196

.1882648 .229:3317 1.894 059 .7766107 .65 17465

1.534:3 :39 .932724 .3:382067 . 7645:341

.2017776 .2457921 1.926268 .7856831 .65862.36
1.518:318 .9362105 .3490166 .7767369

.201980:3 .2460:396 1.923902 .7851276 .6579:366
1.51990:3 .9:36208 .3480817 .7767279

.215492.6 .2625 1.97066 .79:35126 .6673571
1.498448 .9423082. .36.36757 .7980791

.2286 .2784653 1.998165 .8051883 .6747864
1.4819 5 .9433856 .3744975 .8018495

.2424176 .295297 2. 027526 .8134:396 .6807393
1.468991 .947427 :3 .:3846985 .8159954

.26924 .327970:3 2.102552. .6314694 .700648:3
1.42725 .9518133 .4154052 .8:313466

.2949448 . :3592822 2. 16981 .8478262 .7176758

1. :393387 .9575734 . 4434547 .8515069

.3219704 .392203 2.237045 .8646817 .73:3.391
1.36:3529 .9656539 .4714302 .8797886

.3475736 .423:3911 2.299327 .879017 - . 7497313

1.333811 .9712844 .4999654 .8994953

.3744976 .4561881 2.362859 .8928602 .767374
1.:303145 .976277 .5311097 .9169695

.40’:’5072 .4878713 2.420976 .9055992 .7830822
1.277005 .9818262 .5601899 .9:363918

.427736 .5210396 2.481432 .9179722 .8006529
1.248981 .986484 .5927801 .952694

.453136 .5519802 2.537775 .9287725 .8180618
1.222401 .9899622 .625:3413 .9648679

.4809 744 .5858911 2.598705 .9:387509 .8396?6:~
1.190935 .990864 .6649997 .9680239

32
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Table 3 (continued) Run 112

.508 .6188119 2.65631 .9503034 .8551139
1.168069 .9968695 .69917 .98904-34

• .53 57-368 .652599 2.711926 .9593584 .8755731
1.142109 .9988527 .7376015 .9959844

.5622544 .684901 2 .764703  .9704261 . 889-3454
1.124422 1.006391 .7693304 1.022369

.527755 .7159653 2.814078 .9753253 .9121613
1.096297 1.002595 .8127521 1.009083

.6142736 .7482673 2.858442 .9796646 .9328301
1.07 2007 .999478 .8532989 .9981732

.626872 .7636139 2.88 074 .983754:3 .9395791
1. 064306 1. 00194 .8691691 1. 005791

.54008 .779703 ~.898933 .9864082 .9463713
1.0 56668 1.002615 .884033:3 1.009 15 1

.553 288 .7957921 2.917018 .9896387 .9519704
1.05045:3 1.004539 .897:3582 1.015887

.557512 .8131188 2.935777 .9912927 .96 10-385
1.0 4 0 5 4 1  1 .00314 8  .9159221 1.0110 15

.57:3688 .:3267:32? 2.949771 .9953444 .9523398
1 . 0 3 9 1 3 4  1 . 0 0 7 8 5  .9221:394 1.0 2 7 4 7 4

. 692912 .8440594 2.962158 .9955676 .9 70 0 1:14
1.030924 1.005231 .9369936 1.018308

.70612 . 8601485  2.973727 .99401:38 .9:305539
1.0197 28 .9992709 .9560676 .9974483

.72136 .8787129 2.985253 .999:3877 .9776711
1.0 22839 1.007293 .955428 1.025525

.7 3 3 552 .8935644 2.990617 .9978119 .9842897
1.015961 1.002825 .9668158 1.0(9666

.747776 .9108911 -3. 000556 1.001443 .9636701
1.016601 1.007742 .9691188 1.027097

.9:3 19307 :3.007419 .9986487 .9937129
1.00632 7 1.00(1495 .9861681 1.0017:3 1

.77520 6 .9443069 3.011986 .9990081 .9960162
1.004 1.000135 .9910867 1.000471

. 7:3:3416 .960396 2 . 0 1 5 0 27  1.00067:3  . 9947109
1.005317 1.002751 .990146 1 1.00963

•3iI its(u3 .9752475 2..0 17306 1.000182 .99719:3 3
1.002815 1.001231 .9945907 1.004 309

.221:928 1 :3.021859 .999840? 1.000887
.9991134 .9994804 1.001612 .9981815
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Table 3 (continued) Run 112

.62:3 04 1.008663 3. 021859 .9997796 1.00101
.9989913 .9993582 1.001795 .9977538

.841248 1.024752 :3.021859 1.001931 .9967157
1.00:3295 1.003664 .9953788 1.012823

.654456 1.040842 3.024133 .9999288 1.002218
.99778? .9991246 1.004358 .996936-3

.867664 1.056931 :3.02489 1.000043 1.002491
.9975151 .999 176 1.0 0 5 0 1 9  .997116

.8:30872 1.073 02 :3. 023375 1.000798 .9999741
1. 000024 1. €10104 1. 00075 1. 00364

.:39408 1.089109 :3.024133 1.000328 1.001418
.9985835 .9999222 1.00:3161 .9997278

.90:3304 1.10642.E. 3. (‘27919 .9984~~27 1 007702
.9923568 .995297 1. 013~59 . ~835396

.91948 1.12005 :3.027919 1.000531 1.003519
.9964929 .9994454 1.0 0 756 9  .9980589

.93472 1.138614 3.027919 1.000717 1.0(1:3147
.9968631 .9998167 1 . 0 0 7 0 1  .9993584

.947928 1. 154703 3. 029433 .9998513 1. 00589
.9941448 .9977354 1.011637 .99207:39

.9611:36 1.17(1792 2.. 028676 .9976252 1.009879
.99 02 176 .9934727 1.0 1 7 3 9 4  .9771546

973328 1. 185644 3. 029433 1. 0 00581 1. 00442:3
.9955967 .9991925 1.009431 .9971739

.987552 1.20297 3 . 0 3 0 1 8 9  1 .000626  1.0048:3 5
.9951886 .9991059 1 . 0 1 0 3 0 2  .99687 05

.993648 1.21 0396 3.030945 1.000304 1.00598:3
.9940524 .9982878 1.012283 .9940073

DELSTAP ,CM= .244234
THETR,CM= .0519245
RE THETR= 3383.608
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Table 3 (continued) Run 113

MEAN FLOW PROFILES, RUN ND 11 3

P0,N/M2= 97309
T0.DEG K= 318.3333
TW ~~PEG K= 172.2222
X .CM= 35. 052
RHOE,KG /M3= . 0790366
UE,M/SEC 643.3206
PHOELIE2,N/M2= 32626 . 15
RHOEUE , ~~G/M2SEC= 50.81478
PE~ M—1= 6517718

i CM .:’ Y’D M U-’UE PHD - RHOE
T-’TE TO/TOE RE/PEE H

00508 .00609 16 .7772044 .327719 .5126094
1.6:31829 . 6450083 .1 2 7 0 1 1 1  .2265771

.1u 56928 .007066:3 .8088949 .342483 .6076048
1.645265 .6561522 .1307074 .25(1:3562

01:79248 .0095029 .3459379 .3623075 .5939918
1.6:33525 .6786896 .1:324499 .2999587

.009 144 .0109649 .8565537 .3720708 .57~’4522
1.731745 .700:3:364 .1290379 .347120:3

(‘104648 . 0125487 .88:38528 ..3888:3 .5629672
1.776239 .7242827 .1286362 .39’92928

. 1 1 3792 .01:36452 .912965 .4014451 .56:35261
1.’74541 .7:301374 .1330458 .4120483

‘113208 .0 158382 .9945691 .4:357897 .56751(17
1.76 2081 .744:3572 .146:3:311 .4430292

.1:149352 .0179094 1.085152 .4711869 .5778998
1.72.0404 .7539681 .16:36483 .4639685

015:3496 . 0190058 1.12623 .4864372 .584062
1.712147 .7569835 .1723181 .47053:31

.0185928 .0222953 1.222618 .5229538 .5955424
1.679141 .7692042 .1921118 .4971635

.1:21-3:3 6 .0255848 1.295331 .5504114 .603455
1.657124 .7805 179 .2072547 .521 8128

.1123876 .02863 06 1.359916 .574118 .6113363
1.635761 .790241 .221503:3 .5429986

35 
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Table 3 (continued) Run 113

.026924 .0322856 1.411138 .5935108 .6159421
1.623529 .8005855 .2322336 .5655:342

.0328168 .0393519 1.481737 .6187828 .624775
1.600576 .8123233 .2486883 .5911074

.0381 .0456871 1.524166 .6344925 .6287379
1.590488 .8215107 .258054 .6111242

• . 0424688 .05 09259 1.550212 .6435567 .632218
1.581733 .8259223 .2644752 .6207357

• . 04785:36 . 057383 1.586168 . 6558943 . 6.372167
1.56932 .8319229 .2735777 .63 32092

— 
- .0526288 .06:31092 1.613996 .6649481 .64 19298

1.557803’ .8356025 .2812349 .6418261
.0581152 .0696881 1.64272 .8745629 .6461601

1.547604 .840343 .2888617 .6521542
.0627888 .0752924 1.660253 .6804331 .8486879

1.541573 .84:33652 .2935328 .6587.3:36

.0593928 .08:32115 1.677684 .6866417 .6504564
1 .5:37:382 .8473814 .2977394 .6674:388

€1748792 .0897904 1.693606 .6925517 .6515961
1.534692. .8517095 • :30 12976 .6769184

.0887984 .1064815 1.739114 .70669 .6598668
1.515457 .857732 .:3 148753 .6900.396

.10 14984 .1217105 1.800653 .724981 .6721479
1.487768 .8649187 .:3345192 .7056973

.11.3792 .1:364522 1.827419 .7341736 .6750512
1.4:3 13’69 .871345 1 .3415446 .7196987

.1278128 .1532651 1.84127 .7:39.3573 .6757476
1.479843 .:3757513 .3446305 .7292985

.1394968 .1672758 1.87726 1 .749:3819 .68:37558
1.46251 .8792998 .3572 144 .7:370296

.154432 .1851852 1.913731 .7617237 .6877409
1.454036 .8883839 .3671354 .7568212

.167843 2 .2012671 1.948297 .7726708 . 6927547
1.44:3512 . 895546 1 . 3775998 . 7724255

.181 152 8  .2172271 1.97642:3 .78 08763 .697997
1.432671 .8999747 . 387134 . 7820741

.2065528 .2476852 2.035871 .798296 1 .708648
1.411138 .9101883 .407380:3 .804:3266

.2333752 .2798489 2.097268 .8158643 .7199961
1.:388896 .9207017 .4291928 .827~ 322
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Table 3 (continued) Run 113

.~~~9~~ 44 .:311769 2.157941 .8322234 .7325839
1.:365031 .9297384 .452589 .84692 (15

.3445419 2.218999 .851101 .7406442
1.:350175 .9450696 .4726854 .88)3227

. 31 475 6 8  .3774:366 2.278401 .8636947 . 7582244
1.31 8871 .9480095 .5018326 .8867279

.34 1:1568 .4078947 2. :338256 .878 755 .7714479
1.296264 .9570242 .5279048 .90636:3 3

.44(17895 2.:396623 .8921473 .7862933
1.27179 .9637457 .5560764 .9210125

3~ 29888 .4712476 2.455498 .9050459 .8021:1403
1.24682 .969946 .586226 .934521

.4204208 .5041423 2.51486 .9173:348 .8188985
1.221153 .9753911 .6187041 .945:3:345

.44 785 28 .5:370:37 2.5713:39 .9298129 .8.332696
1.200092 .9828842 .6487435 . 9627095

4 ?325 28 .5674951 2.629093 .941225:3 .8501253
1.176297 .9883153 .6829027 .9745425

.49265 28 .5979532 2. 676262 .95 05055 .8637851
1.157694 .99:31193 .7114974 .9850089

.52710(1:3 .6:320663 2.731536 .9610357 .88022 .3 7
1.136075 .9985251 .7464844 .9967866

.553516:3 .66:37427 2.786 148 .9686.329 .90146:3 1
1. 1093 08 .9985754 .788518 .996:3963

.5557248 .6 795809 2.809372 .972:3578 .9095455
1.09945 .9997793 .8056021 .9995192

.57291 58 .6942008 2.831603 .9758071 .917476.3
1.089946 1.000778 .8224312 1.0’:’1694

.5931408 .7112573 2.856119 .98 05654 . 924 .3951
1.08178:3 1 .003927 .8387995 1. 0(1:3555

.6063488 .7270955 2.876881 .9822331 .9347014
1.06986 1.001839 .8588558 1.004007

.5195568 .7429:3 :37 2. 897685 - .9862069 .940642.3
1. 05:3103 1.00452 .873217 1.0(19847

.6327548 .7587719 2.916764 .9876582 .95027:3
1.05232.2 1.002576 .8923335 1.0(15611

.5449568 . 77:33918 2.93336 .9901473 .9562892
1.045709  1 .003427  .9058601 1.007465

656 1648 . 7892:3 2.949084 .9918243 • 96:3:3 €129
1.038095  1.002893 .92 06586 1.006 :303
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Table 3 (continued) Run 113

.6744 208 .8087232 2.967069 .9945444 .9697615
1.031181 1.003953 .9355271 1.008611

.6855968 .8221247 2.977966 .9956068 .9748141
1.025837 1.0034:36 .9462574 1.007487

.5977888 .8367446 2.988051 .9963186 .9800259
1.020381 1.00243 .9570378 1.005295

.712 0128 .8538012 2.997332 .9986745 .981476:3
1.018873 1.004941 .9621299 1.010765

7252208 .8696394 3. 004275 .9995486 . 984.3048
1.015946 1.005039 .9685076 1.010979

.73:34288 .8854776 :3.011203 .999402 .9891-399
1.010979 1.003098 .9778682 1.00675

.7526528 .9025341 2.013509 .9996017 .9902597
1.009836 1.002953 .9802722 1.005434

.76 58608 .9183723 :3.017349 .999529 .9929292
1.007121 1.001902 .9854771 1.00414:3

.7790688 .9342105 3.022716 1.004029 .9875528
1.012604 1.009672 .9792561 1.02 1072

.7922768 .9500487 3.026545 1.00:3298 .9914991
1.008574 1.007301 .9863542 1.015906

:3054848 . 9658869 2.. 026545 . 9984748 1. 0011(12
.9988994 .9976387 1.000672 .9948554

3186928 .98 17251 :3. 02578 .9996274 .998289.3
1.001714 1.000122 .9962171 1.00:266

.8339.328 1 :3.028075 1.005861 .9874507
1.012709 1.012092 .9808409 1.026346

.8471408 1.015838 :3.029605 1.0(10321 .999427
1.0(1057:3 1.000618 .9991774 1. 001347

.8593328 1.030458 3.029605 1.000329 .9994113
1.000589 1.000634 .999154 1.001381

.:3715248 1.045078 3.02884 .9998261 .9999123
1.000088 .9998057 .999€511 .9995768

.8:357488 1.062134 3.029605 .9998573 1.000355
.9996454 .9996903 1.000565 .999:3252

.8979408 1.076754 3. 029605 .9998943 1.000281
.999719:3 .9997641 1.000455 .999486

.91 11488 1.092593 3.030369 .9999438 1.000686
.9993141 .9996854 1.001315 .9993145

.9233408 1.107212 3.030369 .9999449 1.000684
.9993161 .9996874 1.001311 .999:319
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Table 3 (continued) Run 113

9375648 1. 124269 :3. 02884 .9997782 i. :0000 :3
.999992 .99971 .9997943 .9993582

.94~~7568 1.1:38889 :3~ 029605 .999911 1. 1:10(247
.9997527 .9997975 1.000405

.9539:30:3 1. 155945 :3. 02884 .9998171 .9999302
1.00007 .9997879 .9996778 .9995379

.9771886 1. 171784 :3. 0:3 0 :369 .9999272 1. 00072
.9992808 .9996521 1.0(1 1:354 .9992421

.95:33648 1.1:35185 3.029605 .999848:3 1. 1:00373
.9996274 .9996722 1. 000592 .9992:358

DELS T AP~ CM= .22255(15
THETA ’CM= . 0538501
RE THETA= :3509.796
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Table 3 (continued) Run 121

MEAN FLOW PROFILES, RUN NO 121

PO,N/M2= 97309
T0,DEG K= :318.3333
TW ,DEG K= 297.7778
X,CM 38.7858
RHOE,K:G’M3= .0792901
UE,M’SEC= 642.9455
RHOEUE2,N/N2= :32692.64
RHOEUE,K6/M2SEC 50.94803
RE,M—1= 6520915

(CM) Y.’D N U/liE RHO/PHOE
T’TE TO/TOE RE/PEE H

.005(18 .0056433 .4388289 .232292 1 .3901345
2.563219 .940774 .0394952 .0827979

.008128 .0090293 .4721628 .2491619 .392566:3
2.547:34 .9404139 .042834 .07722 02

.011176 .0124153 .5645352 .2954693 .399(1708
2.505821 .9420473 .052:3027 .1025164

.014224 .0158014 .6405746 .3:326756 .4053128
2.46723 .9435201 .06 05413 .1253244

.0 17272 .0191874 .7634002 .3909406 .4168461
2.398967 .9466555 .0748042 .1738807

.0202.2 .0225734 .8788534 .443:369 .4295315
2. :3281 18 .9498988 . 0895227 .2241083

022352 .0248307 .9017248 .45 34123 .4323687
2.312841 .9503232 .0926404 .2306815

.0 24:384 .027088 .9899689 .4914922 .4435092
2.254745 .9530564 .1051285 .2730082

027432 .030474 1.064068 .5222809 .453757
2.203823 .9552412 .1164191 .3068441

€I:3€148 .03:386 1.112878 .5419633 .46 (19436
2.169463 .9566419 .1242919 .3285349

.1:1-3 -3528 .037246 1.15872 1 .5600176 .4680015
2.136745 .9579429 .1320207 .3486829
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Table 3 (continued) Run 12].

- 1 - 5 5 6  .0:395034 1.206 20:3 .5783202 .475551
2

• 1 02824 .9594258 . 1402.572 .3716422

.1:1:3508 .0428894 1.241708 .5916611 .4814883
2. €176894 .9603539 .146874:3 . 3~~~iI3~~

. ñ4 j 556 .0462754 1.258984 .5980045 .4:345339
2.06:3:339 .9606197 .15(11642 .391: 1.377

i’4 :5:3:3 .04852.27 1.283428 .6069622. .4887792
2 .045914 .9612636 .1548574 .4001(194

‘:457-3 6 .0519187 1.2.01851 .61:35779 .4921255
2.0:32002 .9615579 .158507 .4048217

. 047752 .052.0474 1.32:3552 .521:377:3 .495980 1
2.016 21 .9622146 .1628261 .4148366

‘:150 8 1)554:334 1.34132 .627597:3 . 4~~~ :~~ : : :

2.002648 .9624447 .16549:3 .41:34(05

• i~~3:33~ .0586907 1.355338 .6:324796 .50 19898
1.992072 .9626848 .1694268 .4221185

1)5568 11531)767 1 . 365742 . 636(1172 . 504(1719
1.9:3:3844 .962678:3 .1716704 .4220181

.06096 .06 77201 1.399785 .6476552 .510655
1.958269 .9632993 .179(1185 .4315.353

.065:4 .073:38:34 1.419768 .554:314:3 .5 147005
1 .942877 . 95:34554 . 1:3 :3497 . 4:342(;55

‘:72135 .0801354 1.444313 .6624377 .519657
1.924309 .95:38192 . 1:390814 .439687

.177 216 .0857788 1.468405 .6703:3 (12 .5245739
1.906:309 .964259 .1945699 .4464981

083312 .0925508 1.486445 .6761026 .5284032
1.892494 .9644021 .19899:3 .44871:31

• 1l~ 7375 .0970655 1.502178 .6811196 .5317272
1.880664 .9646236 .2027993 .4521441

.1016 .1128668 1.548301 .69542:3 .5418627
1.845418 .9648978 .2144145 .4563898

11 3792 . 12641 08 1.587059 .707406:3 . 551j2253
1.817436 .9658778 .2243597 .4715677

.125924 .1399549 1.626214 .719:3567 .5586754
1 . 789948 .9671978 .2:3468:34 . 4918543
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Table 3 (continued) Run 121

.14’~’208 .1557562 1.66204 .7300129 .5666496
1.764759 .9682719 .2445 077 .5086431

.t666 24 .1851016 1.727149 .7492006 .580973
1.72125 .971247 .2628639 .5547172

.1 94056 .2155756 1.79652 1 .7686192 .5972206
1.674423 .9737548 .28:39253 .593552.5

.219456 .2437923 1.855679 .7846168 .6114818
1.635372 .9760196 . :3029299 .6286277

.246888 .2742664 1.911675 .7993883 .6251807
1.599537 . 978484 .321745 1 . 6667936

.27432 .3047404 1.982199 .8173464 .6429468
1.555339 .981636 .3468056 .7156069

.300736 .3340858 2.045687 .82.29065 .6594454
1.516426 .9844866 .:3707451 . 7597516

.3 26136 .3623025 2.104291 .8467671 .6751129
1.481234 .9871025 .3940741 .8(102627

.:352552 .3916479 2. 164445 .8605026 .6916423
1.445834 .9897541 .4193186 .8413263

.:377952 .4198646 2.223972 .873599 .7084792
1.411474 .9922949 .4456864 .8806754

.405384 .450:32.86 2.284937 .8865565 .72615:38
1.377119 .9948999 .4741332 .9210174

.4:318 .479684 2.344312 .898717 .7438371
1.344:3 8 . 9973669 .503353 . 9592227

.460248 .5112867 2.408895 .9114986 .762.513
1.309735 1.000083 .5368313 1.001286

484632 . 538:3747 2.462524 .921423 . 7807927
1.28075 1.001601 .5666473 1.024791

.51:308 .5699774 2.525959 .9:329626 .80134
1.24791 1.003831 .603:3557 1.1)59:324

.5 26288 .5846501 2.544998 .9:362246 .8078067
1.23792 1.004243 .6149877 1.065702

.540512 .6004515 2.57121 .94 06339 .81682 07
1.224259 1.004765 .631:3573 1.073799

42



Table 3 (continued) Run 121

.55372 .6151242 2.601651 .9456595 .::274111
1.20:3589 1.005357 .6508506 1.082959

565912 .6286682 2.634068 .9509052 .6328267
1.192141 1.0(15977 .672 185 1. ’:’92558

.5501:36 .6444695 2.668699 .9562.363 .5:511-:11
1.1748:38 1. (106621 .6956489 1.102535

.592:32:3 .6 5501:35 2.692075 .9600188 .25’~~,2251. 163:301 1. 007045 .7119(158 1. 109096

• ‘
~,i’~~552 .67:38149 2.712781 .9631925 .8671535

1. 153198 1.00742 1 .7265692. 1.114918

.512744 .687-3589 2.747415 .9683996 .8792978
1.136496 1.008021 .7517086 1.124216

• .6309.3 6 70091129 2.769147 . 9716089 :3:37-~7751.126155 1.008392 .7678676 1.129963

.64516 .7 16704:3 2.794856 .9752.938 .2975355
1.114162 1.1)08918 .7872673 1.132114

.659:3:34 .7325056 2.812149 .977764 .91:42758
1. 105856 1. 008976 . :300:3974 1. 139009

.671156 .744921 2.838:316 .981239 .91467(5.
1. 09:329 1. 0118937 . :322 (1629 1. 1.3839:3

.583768 .759592.7 2.86081 .9:341121 .9238077
1. 0:32476 1. 008766 . :34 (1:3 1 19 1. 12.5755

.6-99008 .7765237 2.890372 .9878265 . ~:3592f’7
1.068467 1.00855 1 .866009 1.132421

.725424 .:3053591 2.917286 .99 09127 .9475015
1. 055407 1. 007884 .8901339 1. 122(193

.7:7516 .81941:3 1 2.929084 .9922275 .9526516
1.0497(12 1.0(17553 .9009469 1.116974

• 752656 . :336343 1 2. 953327 .995128:3 .962:347:3
1.03:3586 1.007352 .9228773 1.113861

.755048 .8498871 2.9634:37 .9960091 .9677374
1. 02.3338 1. 006632 .9:3:30:373 1. 102701

7T’~:256 .:3645598 2.975062 .996959 •9~ :34873
1. 027235 1. €105699 .9449919 1. 088252
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Table 3 (continued) Run 121

.793496 .8814898 2.98818~ .9979602 .9801253
1.020278 1.004531 .9588184 1.070175

.805688 .8950339 2.992036 .9981289 .982:3201
1.017998 1.003943 .9632606 1.061071

.:319912 .9108352 2.999721 .9988013 .9860438
1.014154 1.003453 .9712005 1.053475

.832104 .9243792 3.009153 .9996064 .9899989
1.010102 1.003061 .9797674 1.04741

.847:344 .9413092 :3. 006622 .9990975 .9899988
1.010102 1.002404 .9792684 1.0:37225

• .859536 .9548533 :3.01809 1.000275 .9952195
1.004803 1.002053 .9907573 1.03179

.872744 .969526 2.021142 1.000396 .99699
1.003019 1.00158 .9943973 1.024464

.885952 .9841986 3.020379 1.000019 .9972386
1.002769 1.001003 .9945168 1.01554

.900176 1 :3.025713 1.000383 1.0000:3 7
.99996:33 1.000 482 1.000456 1.007468

.913384 1.014673 3.02419 .9998211 1.000153’
.9998468 .9997144 1.000127 .9955778

.92456 1.027088 3.021142 .999532 .9987153
1.001286 .9998495 .9969711 .997669:3

.9:38784 1.042889 3. 018854 .9995228 .9972212
1.002787 1.000368 .99:39886 1.005696

.951992 1.057562 :3.01809 .9991457 .9974696
1. 002537 .9997923 .9941 074 .9967829

.9652 1.072235 3.027236 1.000146 1.001517
9984853 . 9996539 1. 0(13177 . 9946:398

.978408 1.086907 2.. 020379 .9992985 .9986775
1.001:324 .9995612 .9966631 .99:32fl:3~

.9926:32 1. 1 02709 3. 024952 ‘ .9999001 1. 000499
.9995014 .9996946 1.000896 .99527

.994664 1.104966 :3. 023429 .999708 .9998755
1.0 001 2 5  .9996664 .9994595 .9948:345

DELSTAR ,CM= .291671
,THETA,CM= . 0534867
RE THETA= :3487.824
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I~i• Table 3 (continued) Run 122

MEAN FLOW PROFILES’ PUN NO 122

P0,N/M2 97309
T0,DEG K= 318.3333
TW,DE6 K= 227.7778
X~ CM 38.7858
RHOE,K6/M3 .0792205

RHDEUE,KG’M2SEC 50.90924
RE,M—1= 6518724

(CM:’ ~~/B M U/UE RHO..-PHOE

T”TE TO/TOE RE/REE H

.1)1,503 .0059319 .4410314 .2134415 .4664:308
2.143941 .7868443 .0500076 .2506857

.‘:“:~7s184 .0087792 .4820922 .2343171 .4624426
2.162431 .7994214 .0540503 .2948984

. 1: 1:1:35:344 .0099656 .5332469 .2586269 .4644245
2.153203 .8039114 .0601222 .3106825

.01016 .0118638 .5467725 .266277 .4606294
2.170942 .8127753 .0609868 .3418421

.11 110744 .0129:315 .6474933 .3132697 .4667016
2.142697 .8204105 .0734739 .3585823

.11125984 .0147111 .7257169 .3492552 .4716876
2.120047 .8278282 .0835097 .3947581

.0140208 .016372 .785208 .3760388 .4763321
2.099:375 .833089 .0915298 .41:32516

• .11 155448 .0181516 .8596727 .4084622 .483914
2.066483 .8379196 .1023219 .4302328

.0168656 .0196939 .9155545 .4:32283 .4900469
2. 040621 .8417358 .110805 1 .44 36481

.0176784 .020643 .966 1257 .4533039 .4962427
2.015143 .8447747 .1188905 .4543309

.018796 .021948 1.006279 .4699636 .5008576
1.996576 .8481633 .1253644 .4662427

.020828 .0243208 1.04314 .4856228 .504072 ‘I
1.98384 4 .853343 .1310676 .4844512

.02 1844 .0255072 1.091133 .5046944 .5106276
1.958374 .8565604 .1394793 .4957615
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Table 3 (continued) Run 122)

.0 2:32664 .0271681 1.127328 .5191187 .5151967
1.941006 .8599757 .1458304 .5077673

.0242824 .0283545 1.157674 .5309654 .5193329
1.925547 .8625599 .1513657 .5168517

.0260096 .0:303713 1.18695:3 .5427136 .5225542
1.913677 .8665244 .1564839 .5307883

.0271272 .0316764 1.217284 .554164 .5271239
1.897087 .8687866 .1623664 .52.87405

• 0285496 . :1333373 1 .223232 .5565095 .52781 06
1.894619 .8695995 .163445 .5415982

.0295656 .0345237 1.25817 .5691905 .52.2.788
1.873403 .8713:366 .170675 .5477048

032 1 056 . 0374896 1.288237 .580596 .537834:3
1.859307 .8748:382 .1765379 .56 (1(1142

.03474 72 .0405742 1.32 1073 .5924696 .54:31588
1.841082 .8774081 .1834558 .569048

• 0374904 .0437774 1.344196 .8007313 .5469791
1.828224 .8792409 .1884401 .5754912

• (14(i5:384 .04 7:3:366 1.:3634O6 .6079183 .549497:3
1.819845 .881899 1 .1923221 .5848356

.0427736 .0499466 1.394185 .6186282 .5548646
1.802241 .8841759 .1992651 .5928:392

.0458216 .05:35058 1.409289 .6240171 .557202
1.794681 .885836 .2025731 .598675

. 1:1476504 . 0556412 1.424213 .628968 .5 6014 2 1
1.785261 .8865202 .2061828 .6010803

• 0504952 .0589631 1.442219 .6349868 .5635584
1.7744:39 .8876171 .210518 .604936:3

.062285 1.451937 .6384616 .5649782
1.76998 .88890:35 .2126613 .6094584

.‘.‘~ 57784 .0651323 1.46638 .6433271 .5675907
1.76183:3 .8900589 .2161262 .61352

. 5:33j94 .0680982 1.477507 - .6469537 .5697947
1.755018 .8906778 .2189157 .6156956

.‘:‘6096 .0711828 1.48921 .65 08377 .5719686
1.748348 .8915814 .2217949 .6188721

• i:,5.5~:368 .0768774 1.511168 .658467 .5753908
1.737949 .8943681 .2268993 .628668-3

.0 7 13 3 1 2  .0838771 1.53583 .6668886 .5794094
1.725895 .8973286 .2327988 .6390753
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Table 3 (continued) Run 122

.175-9112 .089809 1.546481 .6704 145 .5213103
1.720252 .8983843 .2354624 .642766.5

• ij :3351) I)8 .0964527 1.570522 .67:33859 .5:355175.
1.707891 .9009712 .241487.3 .65188(3

1:1:369696 . 1015542 1 .5:36812 .68:32.931 . 52901) 15,
1.697791 .90 18132. .245977

.1:1915415 .1068929 1.60000:3 .6875206 .59166-49
1.690146 .90 27719 .249557 .658.21 15

• 0974344 .11:37739 1.620283 .6939009 .5956517
1.67:38:34 .9044 759 .25505:3 :3 .5542 : 11$.

.1100328 .128485 1.661906 .7(171018
1.657(1:36 .9087545 .266323:3 . 579241 3

.1232408 .14:39079 1.696405 .7174795 .61(17252
1.637:398 .9113604 .2763525 .6:3:34111:3

• 1375664 .1606359 1.740439 .72.1147 .619 1)333
1.615422 .9164(118 .2888495 .705124

• 151:1368 .1755843 1.770701 .74 09569 .62.389.34
1.6028:3 8 .9212959 .2970588 .7233287

16.388 11:3 .191:36:32 1.8(11686 .750(12 .631:14027
1.586288 .9241886 .3066219 .7 :34972

• 17?292 .2070234 1.83461 .76 09082 .635080:3
1.5746 04 .93(17007 .3154348 . 7563896

.2044192 .2386997 1.908257 .7806 108 .6528452
1.531757 .9.352068 .3409015 .7722299

.2.3114 .2699015 1.969721 .7990264 .6638852
1.506284 .9450218 .3601978 .805733

.257555 .:300 7474 2.039277 .8164494 .681553 1
1.467237 .9494309 .:3863654 .

.2832608 .:3.3076 28 2.098141 .:3.314.3 26 .6’~56981
1.4 :3740 5 .9548605 .409676 .8413195

.3095752 .:3614901 2.161735 .8466906 .7121.332
1.4042:32 .9597011 .4.362104 .8583357

.33528 .3915055 2.22038 .8617788 .725216
1.37:3896 .9674221 .4597289 .3854775

.362 712 .4235:378 2.277496 .8749623 .7401885
1.2 .5 1 0(17 . 9723778 .4854242 .9028967

.38662 .4 5:37905 2.3:38118 .8884144 .7566715
1.321577 .9773226 .5142209 .921:2812

.4 1564 56 .4853482 2.396257 .9012199 .772344
1.29476 .9826702 .5426755 .9390798
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Table 3 (continued) Run 122

.442468 .5166686 2.453971 .91:33267 .7886644
1.267967 .9874127 .5726648 .95575 13

.4~’010-32 .5489382 2.511303 .9244498 .80619
1.240402 .9908956 .6048809 .9679949

.495824 .58014 2.562182 .9347915 .820722
1.2184:39 .995572 .6332671 .9844341

.52:36464 .6114604 2.628718 .9467371 .8422382
1.187312 .9991119 .6745506 .996878

.549656 .6418:318 2.680071 .9557853 .8589695
1.164186 1.002075 .7077013 1.007295

.57658 .6732709 2.734165 .9643757 .8781374
1.138774 1.003766 .745637 1.0132:3 9

.6013704 .7022185 2.782705 .9722303 .8949561
1.11737:3 1 . 0 0 6043 .78 02722 1.021245

.6288024 .7342508 2.832933 .9797912 .9132955• 1.094936 1.007662 .8184088 1.0269:36

.6552184 .7650967 2.873199 .9861351 .927394
1.07829 1.009848 .8490(199 1.034618

.6616-344 .7959426 2.916918 .9908682 .946722
1.056276 1.008123 .8886378 1.028554

.7090664 .8279748 2.945982 .9940105 .959586
1.042116 1.007154 .9156459 1.1125149

.7212584 .8422114 2.96469 .9950841 .969716
1.0:3123 1.004689 .9359598 1.016485

.7:354824 .8588207 2.977099 .9975725 .972979
1.027771 1.006675 .9445888 1.023463

.7497064 .8754301 2.987918 1.000351 .9746261
1.026034 1.009652 .95 (14123 1.11:3:3929

.7629144 .890853 2.995624 1.0(10233 .9798902
1.020522 1.007552 .9605418 1.026548

.7771384 .9074623 3. 00331 1.000768 .9838734
1.016391 1.006784 .9688496 1.023849 

- -
.791:1-3464 .9228853 3.01251 - 1.001233 .98899 09

1.011132 1.005528 .9793704 1.019434

.3035544 .9:38:3082 :3.014806 1.000949 .9910619
1.009019 1.004414 .9831831 1.015515

.8167624 .9537312 3.017864 1.001581 .9918194
1.008248 1.004961 .9853041 1.0174:39

.8320024 .9715269 3. 019:39:3 1.001794 .9924031
1.007655 1.005027 .9866699 1.01767
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Table 3 (continued) Run 122

‘4 

~t7:34 .9:345771 3.02168:3 1. 01J1898 • 9937022
1 . 1’ 06:338 1 . u04697 • ‘ 4 : 3ci’35 ii~~ 1 . (‘1 6.511

• .3553:364 1 3. 02626 1. ‘~‘‘~‘2.3 19 .995:3794
1. 004138 1. 004464 .9940948 1 . ,:1 1569::

• ~~~5~44 1.01542.3 3.112626 1.1103092 .99434:9
1.005688 1.006015 .991:305 1. (121145

.‘:232184 1.0.3 20:32 -3. 02626 1.003785 .992972
1. 007078 1. 007405 • 93975 12 1. 1:25 :1:1

3~~501 04 1.046269 ‘3.1:27785 i. 1:101938 .9976394
1. 00 2366 1. 00:3346 .9972243 1. 011751

~ 1 (‘2344 1.062878 :3. 027785 1.01:11177 .9991564
1 . 0 00844 1. 01,1:322 . 9994927 1 . (I 064 ‘:‘s

• ~?24264 1. (‘77115 :3. 027785 1. 0 ’:’18:37 .9977417
1.00 2263 1. 1:1(1:324:3 .9973773 1. 011 ::~~

~~ 56-504 1.09-3724 .3. 028546 1. 1)0220:3 .9976143
1.002:391 1.003698 .9974378 1. 01299::’

‘488424 1.1 07961 .3. 02397:3 1.001:3 1,1 • 9963968
1.003616 1.002961 .9941149 1.011:14 119

:~~.20504 1. 123.3:34 :3. 1,2930:3 1. 1,1,1:35 . 99:38196
1.001182 1. 00281:3 . 9994916 1. 009222

t’EL3TAP, CM= .2607:356
THETA’CM= . 05:38006
RE THETA= 3507.112
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Table 3 (continued) Run 123

MEAN FLOW PR OFILE S~ RUN NO 123
PO,N/M2 97309
T0,DEG K= 318.3333
TW.DEG K= 172.2222
X,CM= 38.78.58
RHOE,K6/M3 . 0782125
UE,M/SEC 643.9181
RHOEUE2, N/M2= 32345.95
RH0EUE,K:G/M2SEC= 50.33162
RE~ M—1 6477771

‘
~ 

u:~~~~~
’:’ V-rD M lJ /UE RHO/RHOE

T.’TE TO/TOE RE/PEE H

.00508 .0059074 .6365394 .2762483 .575465
1.737725 .6602315 .0951489 .259744

0069088 . 008034 .6020392 .2700643 .5386201
1.856596 .6998187 .082275 .:3459929

• f’084328 .0098062 .6474876 .2938:369 .5262811
1.900125 .7238114 .0857709 .398266

.01114648 .0121692 .6634437 .3029637 .5197497
1.924003 .735736 .0864254 .4242462

.0113792 .0132325 .6987115 .:3184178 .5218773
1.916159 .7:392072 .0915191 .4:318087

.1:1125984 .1:11-46503 .7270173 .33 10232 .5228053
1.~~12758 .743321 .0954538 .4407716

• 0148 3 2.6 .0172495 .7750383 .3525075 .5239344
1.908636 .751396 1 .1020535 .4583649

.1:115748 .0183129 .8413027 .3801561 .5:31,821
1.88:3874 .7558:31 .1127382 .4680271

.0176784 .0205577 .8967724 .403791 .5345873
1.8706112 .7631828 .1213194 .484044?

.018:3976 .0219754 .9224646 .4148995 .5357732
1.866461 .7676258 .1251679 .49:37248

.0196 088 .0228025 .9732815 .4352203 .54203:33
1.844905 .771253 1 .1341467 .5016276

.‘:216408 .0251654 1.011982 .4519028 .5435288
1.82.9829 .7790671 .140(1001 .5186519

. 0244856 . 0284735 1.087258 .4817715 .552015
1.811545 .7872128 .1535959 .536399
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Table 3 (continued) Run 123

.1 26924 .03~1:3091 1.146542. .5046415 .5594767
1.787384 .7933519 . 1649436 .5497744

(‘2936 24 .0.341446 1.168214 .51:32706 .56146-07
1.781069 .7968287 • 1688701 .5573492’

.1)3311155 .0:373:346 1.220137 .5:25278 .5529245
1.757517 .8016124 .179594 .5577715

:348488 . 0405246 1.318121 .56.66972 . 5:36.3755
1.705392 .8076516 .202146 .5~:i,’~292

1:71856 .04.3242 1.36660.3 .5:3311:3 .

1.679812 .8109065 .21.39612

• ‘4’:’5384 .0471408. 1.392698 .5922258
• 1.66:3374 .81.3329 .2200991 .594:878

11429768 .0499764 1.426653 .61:136555 .t.1l5~~ 7~~1.651864 .:315890:3 .2285654 .6010537

“4572 I’5 1t~ -4 1 44~~8~~4 t11~~~~ 5
1.642153 .8198(155 . 234179:3 . 5174 1 39

• ‘$421584 .0551)1119 1.4597:3 .61516-3 .sl ‘:‘244
1.5.3:3689 .8213725 .2364544 .6 .10823

5:596:3 . 0538374 1.47981:3 .6217116 .514’ :492
1.6285.34 .:32:30406 .24176:3 1 .6144572

1.15354:3 2 .1:16226.37 1.513435 .632477 .62 1)5908
1 . 6.11:35:3 . 32576:3:3 . 2509006 . 620 :-~ (‘4

.1:15:31152 .11675:3 (1:3 1.519744 .6354449 .6199441
1.61.3049 .3287951 .251584:3 .526994t .

• 1’$.23’~~(’4 .07:313:3.3 1.538498 .6418135 .6227928
1. 50567 . 8:314774 . 256.31159 . 632:3 3 :36,

• 1i— :5~ :j5 .0798677 1.560058 .6496294 .6250536.
1.599863 •83’59325 .2612018 .6425~~~

• :7:7616 .085775 1.594767 .660296 .6.322442
1.561657 .32.86492 .2712713 .54646-39

.~ ‘794 512 .092.391.3 1.605164 .6642765 .6328616
1.580124 .8415263 .2734091 .6547322

1 - 41243 .0978261 1.6257:35 .57(19199 .6.3639.3 2
1.571356 .8441973 .279056 .56(15515

• ‘~~154~-4 .10681153 1.646(118 .6809721 .6-332541
1.579145 .3557483 .2806085 .5857177

I 1’l ~~i’~4~ : • 1185(119 1. 675837 .6906573 . 6381253
1.55709  .8601271 .288742 .6952579

.~~ 1~~1128 .13.38611 1.70802:3 .6985958 .6478922
1.54.3467 • 8589767 . :3 (i i)5~~1)3 . 6927516.
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Table 3 (continued) Run 123

.1289304 .1499291 1.748905 .712:3829 .65324
1.530831 .867152 .3112943 .710562.2

.140:3176 .16:37524 1.784819 .7237907 .6590672
1.517296 .8730205 .:3216422 .7233488

.1555496 .1808937 1.822533 .7357937 .664976
1.503814 .8796441 .332555 .7377798

.1678432 .1951796 1.851852 .7445233 .6705379
1.491:34 .883641 .3418612 .74648.78

.1 :31356 .2108932 1.884404 .7541792 .6766536
1.477861 .888288 9 .3523193 .7566142

.1941576 .2257798 1.912707 .762.8175 .6796496
1.471:346 .895488 .3598315 .772299

.2180336 .25:35444 1.966836 .7794805 .6900704
1.449127 .90:33.559 .3780024 .7894407

.2475992 .2879252 . 2. 03655? .7998471 .7112662
1.423159 .9150898 .401492 .81501156

.2754376 .3202977 2.094318 .8146138 .7163892
1.:395889 .9209669 .4243152 .8278101

.3 0 1 65 04 .3507798 2.148:313 .830:350? . 7255034
1.378352. .9315923 .44.31167 .8509597

.3279648 .:381:3:3 2.189251 .8430913 .7308181
1.3683:3 .9418967 .4562599 .8734099

.3541176 .4117439 2.246123 .8552348 .747590.3
1.33763 1 .9444826 .4834641 .8790439

.3812032 .4432892 2.297516 .8702931 .7553.589
1.322,:3?4 .956499 .5018709 .9(152241

.4077208 .4741257 2.348776 .8809468 .7704623
1.297922 .9594778 .5277994 .911714

.432816 .50:33081 2.397974 .8933029 .7810141
1.28038? .9675328 .5494682 .9292634

• 4626864 .53804:35 2.450967 .9057575 . 79:36.3 08
1.260032 .9749104 .5746989 .945:3:371

.4:3511384 .5640359 2.487874 .9141892 .802698
1.245799 .9798601 .5929806 .956121

.51 :34864 .5971172 2.541833 .9252692 .817947:3
1.222573 .9849151 .6225388 .9671344

.54119184 .629017 2.59509 .935758 .8335762
1.19965 .9895184 .6532588 .9771636

.565:3024 .6573724 2.640884 .9438338 .848545
1.178488 .99 1925 .6822128 .9824069
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Table 3 (continued) Run 123

5937 504 .590453? 2.70418 .9553671 .868356-8
1.1516 .9966808 .7224865 .99276:3 3

.6211:324 .72235:35 2.768722 .9676.721 .8872922
1.127017 1.003387 .76348 1. 1: 1:7379

.6323 5:34 .735:3497 2 .800818 .97:32457 .8976195
1.114058 1.005848 .7:355605. 1. 1:112742

.~~.465824 .75 18904 2.8.35076 .9765484 .9135019
1. 094688 1. €1113217 .8159694 1 . 1:11)71:109

.5618224 .7696 125 2.86298 .9816557 .92191, 3 :3
1.1184712 1.11(16197 .3352075 1.01.350 1

.5729984 .7826087 2.88498:3 .~~ :464:3 2 .931:14473
1. 074752 1. 006513 .85317:3 6 1. (‘1418~

.5:621)64 .7979679 2. 903601 .9855819 .941:711:13
1. 06.3027 1. 0(13585 . :37274.3 1. 01,7:31

.6994144 .E:13.327 2.924512 .9:395169 ~9467:334
1. 1:56264 1.11(1624:3 .8E:73:351 1. 1:13613

.7125224 .8286862 2.940501 .99207 .9521938
1.05(12 1:16. 1.11 1:174 .8998842 1. 1:116.12.3

.7 26:3464 .845226:3 2.957201 .9925924 .9621:126:::
1.0:39472 1.004:3 .9189179 1.009369

.74 Ii 11544 • :36 115:36 2.9746111 . ‘~~ 46946 .

1. 0:3 1703 1. €104279 .93470:3 1. ‘:‘‘:i932:3
.7522464 :37475:3 7 2.985624 .996:372:3 .9731615

1. €127553 1. 004989 .943:3105 1. (‘1 1:1:37

7664704 .891:304-3 2. 9•~55~ i•~ .9974 175 . 97:3.30.34
1. 02217:3 1. 004449 .9547256 1. 00959.3

77967:34 .90666:35 -3. 006775 .9992:81 ‘~~j .36.67
1.018937 1.005685 .96244:33 1. 1:112.387

• 7939024 .92:32042 3. 015352 .99:34378 . 9884574
1.1111677 1.0(12 144 .975620? 1. (1114672 —

• .3050784 • 9.3620 04 :3. 022353 .9935353 .9927593
1.007294 1.000794 .98425:37 1. 1:017:3 1

.321,3 :344 .9551 04 3. 027012 ~~~~~~~~~ .9931093
1 . 0069:38 1 . 0024:3 6 . 9862907 1 . 0(531:18

• : :745424 .9704631 3. €130889 .998095 .9994561
1.000544 .9977226 .9970111 .9950:382

. 3477504 . 9858223 :3. (‘3.3987 .999787 .99811.35
1. 00189 1. 000388 . 9960244 1. 001:1:345

• ~~
-
~~424 1 .3. 0.37856 1.1,013.3 :3 .9975624

1. 002444 1. 0 €12596 . 9964706 1. ‘:‘05656
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Table 3 (continued) Run 123

.3741554 1.016541 3.0:38629 1.0111016 .998712.5
1. 001288 1.001771 .9984459 1.00:3 :359

.3853424 1.02952.7 3.040948 1.000633 1.001004
.998997 1 1.000469 1.00264 1.0111021

. 8995664 1.1146077 :3. 040948 1.002151 .9959841
1.0040:3 2 1.005511 .995124:3 1.0120(17

.9117 584 1.060255 3.042493 1.005998 .9913612
1.008 714 1.010866 .9887271 1. 1:123675

• 9259824 1. ‘:176796 2.. 042493 1. € 101153 1. 00092
.9990214 1.001153 1.002.113 1.1102512

.9412224 1.094518 :3.042493 .9985472 1.0062 12
.99:38268 .9959473 1.1110977 .9911704

.9554464 1.111059 :3.1)4559 1.o’:’0524 1.00427:3
.9957448 .9991849 1.009084 .9982241

9695704 1. 127599 3. 1:4558 i.00215? 1.0(1 1(1(14
999.~~74 1.01:12449 1. 00416? 1.005:335

DEL3 TAP, CM= • 2629874
THETR~CM= .0611951
RE THETR= 3964.077
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Table 3 (continued) Run 131

MEAN FLOW PROFILES, RUN NO 131

PO,N/M2 97309
TO,DEG K= 318.8889
TW,DEG K= 298.8889
X.CM= 42.5196
RHOE,KG,M:3= . 0809837
UE~ M/SEC 640.8831
PHOEIIE2,N/M2 :33177. 05
RHOEUE,KG/N2SEC 51.86932
PE .M—1= 65:30758

V CM” ~~~~~ M LI..”UE FHD .’-’PHDE
T ”TE TO/TOE RE.-’REE H

.11(1508 .0(152854 .4902074 .2592958 .

2.501346 .94(12954 • 0462082 .0420427

.008 128 .008456? .5185562 .27:34841 .4021472
2.486652 .9398727 .0492502- .1,41:3 1,41

.01016 .01(15708 .5:32029 .2801975 .40327:3 4
2.47970? .9397657 . 05(17111 . 0395983

.1:1 1-3 2 0:3 .01:37421 .6478058 .:3372928 .4126035
2.423634 .9422638 .06:35851 . 0794279

.01524 .11158562 .6726737 .:3492436 .4149633
2. 4 09852 • 9425823 • (‘665119 . 0845066

.01828:3 .0190275 .7650363 .3929145 .424058:3
2.358166 .9448298 .0777874 .1203412

.0 221987 .876:3317 .44:36156 .4:36496?
2.290968 .9479275 .0924994 • 1697:33

• 024384 .025:37 .9076935 .4574115 .4404757
2.270273 .9484767 .11969445 .178,4:393

.1’,
~ -,416 .0 274841 .9946475 .494960? .4517047

2.213836 .951168 .109769 .22141114

.029464 .0306554 1.065654 .52454 .4616717
2.166042 .9533652 • 121 006:3 .25643:39
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Table 3 (continued ) Run 131

.11325 12 .0338266 1.103903 .5400251 .4674028
2.1:39482 .954411 .1273916 .273109

. 11.34544 .0:359408 1.12975 .550324:3 .4712952
2.121362 .9551138 .1318376 .2843145

.035576 .0:38055 1.16498 .5641707 .47695 06
2.096653 .956148 .1380583 .30080:39

.039624 .0412262 1.198799 .5771896 .4825179
2.072462 .9570007 .1442538 .3143995

.039624 .0412262 1.229511 .5889171 .4875445
2 .0 51095 .9581072 .149986 .2.320421

.1:1447114 .11465116 1.244502 . 594:3727 .490:37:33
2. 0:39242 .9579958 .1529815 .:330266 1

.1147752 .0496829 1.270202 .60:3822 .4949772.
2.020295 .9584611 .1580802 .3376853

• 049784 .1151797 1.2935113 .6122839 .4992141
2.003149 .9589107 .1628078 .3448544

.05~ 864 .0570825 1.:321502 .6221675 .5046:362
1.98 1626 .9590156 .1687:328 .346526

• ‘:159944 .11623679 1.338648 .628(1594 .5081467
1 .967936 .9588295 . 1725 €137 • 3435591

1 3b?223 ~ :7~ 5i’8 5137b 19
1.946427 .9591459 .1787812 •:3486042

.1:17112 .0729958 1.2.91876 . 646:33:36 .5187269
1.927797 . 9593721 .1843531 . 3522104

.0762 .0792812 1.417639 .6550528 .5238854
1.908815 .9598366 .19(12624 .3596166

0:30264 . 118:35 (195 1.433477 .660:329? .5271299
1.897066 .960074 .19:39826 .3634 02

(i~:635. • €139852 1.449124 .6654588 .5:304277
1.885271 .9602 046 .19774:34 .3.654838

.09144 .0951374 1.469189 .6720499 .5345767
1.870539 .9506 102 .202585:3 .:3719508

.il
~ 652 .10 (14228 1.483472 .6766825 .5375844

1.860 172. .9608633 .206 1 .3759874

.100534 .1046512 1.501678 .6825834 .5413768
1.847142 .9613334 .2106079 .3834828
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Table 3 (continued) Run 131

.1 0668 .1109937 1.518151 .6878571 .5448675
1.835309 .9617239 .2147657 .3897093

.112776 .1173362 1.540295 .6949397 .5495042
1.819822 .9624504 .2203977 .4012924

.11684 .1215645 1.55:3411 .6990978 .5522739
1.810696 .962894:3 .222.7854 .4 0 :33703

.12 192 .1268499 1.554861 .6995554 .5525215
1.809688 .96294:33 .2241624 .4091509

.128016 .1331924 1.574999 .7058726 .556835
1.795703 .9636211 .2294546 .4199585

.141224 .1469345 1.61582 .7184508 .5557:327
1.76746:3 .9649816 .24115 .4416514

.154432 ‘ .1606765 1.635119 .7242611 .5701197
1.754018 .9655349 .2459026 .45(147:6.

.16764 .1744 186 1.674279 .7359317 .57:39461
1.727277 .9668726 .2570963 .47181122

.181864 .1892 178 1.703:366 .7446177 .585338
1.708415 .9683547 .2654982 .495433

.198 12 .2061311 1.715096 .7482466 .5876858
1.701589 .969381 .2687879 .5117967

.20828 .2167019 1.739574 .7553786 .5932178
1.685722 .970567 .2761286 .5307066

.222504 .2315011 1.772467 .7648141 .6007616
1.664554 .9721735 .2862482 .556.3225

.235712 .2452431 1.804704 .773:3761 .60:33123
1.643892 .973705 1 .2964801 .5807421

.24:392 .2589852 1.833914 .78196 04 .615242
1.625377 .9751304 .3059961 .6034681

.262128 .2727273 1.863815 .7900881 .62246 08
1.606527 .9765637 .:3 160107 .6263214

.275352 .2875264 1.894:374 .7982608 .62994:4
1.587452 .978(1469 .3265189 .6499706

.2:33544 .3002114 1.925562 .8064127 .6:377611
1.567985 .9794539 .3375937 .6724038
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Table 3 (continued) Run 131

.3(11752 .3139535 1.952843 .8134632 .6446.387
1.551257 .9807783 .:347492 .69352 02

.313944 .3266385 1.975274 .8191965 .65032.38
1.537672 .9819089 .2.557913 .71154?

.3 27152 .3403805 2. 014996 .8290241 .6608028
1.513311 .9835592 .:3710803 .73786 06

.34036 .3541226 2.044247 .8361699 .6685519
1 . 49577 . 984899 . .3826226 . 759223:3

.352552 .:3668076 2. 074297 .84:33541 .6766741
1.477816 .9861976 .394838 .7799282

.366776 .3816068 2.108101 .8512674 .6859752
1.457779 .9876107 .4089992 .8024599

.3:31 .:3964059 2. 135163 .8578388 .69296 02
1.443084 .989543 .4201665 .83:3268:3

393192 .4090909 2.165959 .8649012 .7014956
1.425526 .9910479 .4336084 .8572642

.4064 .422833 2.194304 .8709684 .7099:3 €15
1.408489 .9916917 .4467691 .8675287

.433832 .4513742 2.251868 .8834379 .72676 09
1.375968 .9940571 .4738403 .90524:3 :3

.461264 .4799154 2.309897 .895691:3 .74:39197
1.3442:31 .9966547 .5023731 .9466612

.4:38696 .5084567 2.:370228 .9075253 .7629929
1.310628 .9982874 .5343812 .9726944

.515112 .5359408 2.426:348 .9188336 .7799921
1.282064 1.0(11287 .5645099 1.020527

.541528 .56:34249 2.486556 .9295484 .:$ 004054
1.249367 1.002261 .6003:366 1.0:36 05

.566928 .589852 2.51745 .9347998 .8112265
1.232701 1.002562 .6196453 1.040854

.593:344 .6173361 2.587916 .9470:326 .:3 :352 722
1.197214 1.004597 .6644152 1.07:3:301

.6.117568 .6321353 2.61703 .9518816 .8454912
1.182744 1.005:312 .6838268 1.084703

.51976 .6448203 2.649457 .9569736 .8573765
1.166349 1.005665 .7064699 1.090328
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Table 3 (continued) Run 131

532968 .6585624 2.677099 .96 10698 .86791 :8
1.152188 1.005625 .7266382 1.0295 3c’

.t.47192 .6~33615 2.700461 .964355 .2771209
1.140094 1.005343 .7443399 1.085198

.559384 .6860465 2.726775 .9682497 .3871185
1.127245 1.005562 .7641353 1.0886-85

.572592 .6997886 2.752695 .9721435
1. 115031 1. 0(16 027 .7:32.7924 1 . (‘95092

7155?I’t 2 77273~ ~74~~uI~~~ 
4 114 4

1.105187 1.005948 .7998405 1.094834

.699008 .7272727 2.798316 .97:3351 .915025
1. 092794 1. €105816 .:32 (167:34 1. 092-725

.71:2.32 .742(1719 2.822845 .9:31591)7 .9250619
1. 081009 1. 005661 . :34-11792 1.

.727455 .756871 2.847181 .9844528 .9355157
1.068814 1.0(14895 .3627336. 1.07 :054

.73964:3 .769556 2.863289 .9:35295:3 .9427
1. 060782, 1 . 004344 .877:3258 1 . 069267

753:372 .7843552 2.:386379 .9:391:386. .95237 07
1.0 50011 1.0114146 .:397:34’3 1 1.066101

.7670:3 .7980972 2.899385 .990467 .95:34939
1 . 043:303 1. 00:3363 .9114847 1 . 053617

.721304 .8128964 2.91917 .9925.322 .957581’S
1. 03:3506 1. 002475 .929607 1. 039452

• 794512 .8266:385 2.935057 .9940908 .9750754
1.025561 1.001611 .9454:337 1.025687

.81772 .840:3805 2.947107 .99511764 .9811529
1.019209 1. 00059 .9581195 1.009411

• 32 . 928 .:3541226 2.957~~13 .9959:322 .995:364
1.013825 .9998155 .9691409 .9970584

833 12 . :3669076 2.965843 . 9967929 . 9902484
1. 009848 . 9994251 . 97754 01 . 9908339

-47344 .8816068 2.97479? .9976611 .9945031
1.005527 .998986 .98677:3 .9:3.33327
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Table 3 (continued) Run 131

.::52584 .897463 2.981495 .9978245 .9986597
1.001342 .9976939 .9951631 .9632314

.87376 .9090909 2.985953 .9983917 1.110051
.9994899 .9977558 .9994068 .9642179

.885952 .9217759 2.991146 .9990505 1.00267
997:3374 . 9978276 1. (‘0437 . 9653626

.89916 .935518  2.9941 09 .9994254 1.1103904
.9961113 .9978684 1. 00 7 2 1 2  .9660136

.912368 .94926 2.992628 .9992465 1.00327
.9967406 .9978648 1.005766 .965955:3

926592 .9640592 2.9978 1 .99991109 1. 0 054:3
.9945992 . 9979357 1. 1110747 . 9670857

.939:3 .9778013. 2. .~99549 .9999942 1. 005739
.994294 1 .9979459 1.011459 .9672489

.953008 .991543:3 ‘3. 000028 1.001:1172. 1.0052.7
.99367 .9979518 1.111291:17 .96734:3

96.1135. 1 :3. 000767 1. 000266 1. €106679
.9933654 .9979619 1.013621 .9675043

DEL STAR ’CM= .3085885
THETR~~CM= . 0584319
RE THETA= :3816. 049
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Table 3 (continued) Run 132

MERtI FLOW PPOFILE:~, R U M  M D 132

FO. MSM2= 97:3 (i9
T0~ DEG k= 318. 3.333
TI’~,~~EG K:= 227.777:3
X,CM= 42.5196
RHOE,KG,M:3= .

UE ,M/:3EC= 54 ‘:‘. 7:345RHOEUE2,M.—”M2= 3:46,1.
RHOELIE,H3’M2CEC.= 52. 32 13:5
RE .M—1= 661595 :

• CM.. y.—rr M L~ UE RH O — PHO E
T’T E 10.- TOE RE- - P EE H. 0051: 8 . 0056548 .452:3192 . 22 0455 . 45::9’~ 34
2. 13.2226 .7940295 . ‘:1522:357 .2759443

. ,1)7:333~ .00:37084 .5515759 .2’ .99475 .4651237
2.149966 .815964 - 0530599 . 35311515

. ,:i093455, . 01 1)3’31~ : .626696 • 305449 .3 . 4$,~:~ 76.2 .1.32305 .8227656 • 0724 :92 .37696 11

.11102515 .0114228 .7(14931:3 .3414168 .4749421
2.1 0552 .:32:31252 .023:3474 .39581122

(‘11684 .0130(161 .75-43.312 . 3~-8 0 7 4  . 4804059
2.081569 .8:3170.35 .0911918 .4033811

• ci i 3: 1:1 1:14:3 . ‘:1144764 . :3~ 74~:ii6. • 3 :913523  . 4860262
2.1:1575 .8344514 .1:139035 .418’:’4 1:’8

.1:1143256 .0159465 .86555:3:2 .4127167 .49001:43
2. 041u7~~: .:3.395f141 . 1(61:008

.11156464 .0174169 .905595 .4 3 15-3 1)9 • 4941,f,:35
2.024257 •~ :4.:3~~;:: .1122292 .4489141

.11164592 .0183216 .9475 135 .447655.3: .4991141
2

• 01i355 .:3454:341 .1189038 .4568245
.11:30848 .0201312 .9907587 •45,5::25:3 .5039705

1.98424.3 . :3493373 .125939 1 • 4700183
0189992 . 0211491 1. (‘2127:3 .47:341,41 .50770:35

1.969654 .:3516456 .1310976 .478484-3

• 1 ,3117264 .02.30717 1. 1:1572:7 .4932.375 .511857
1.953671 .:3551842 .137194 .49092:36

.11217424 .0242027 1. 08241:6 .5,,’-:3:321 .5151132
1.941321 .8572593 .1416525 .4982182
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Table 3 (continued) Run 132

.0334696 .0261253 1.113201 .5158659 .5187884
1.927568 .8605111 .1470708 .5096493

.024.384 .0271432 1.130246 .5226853 .5209331
1 ~ 19~~ 2 862220~ 1~~014 7~

.0263144 .029292 1.171335 .5387091 .5267079
1.898586 .8656 139 .1579167 .5275876

.11271272 • 0:301968 1.187225 .5448085 .5290475
1.890189 .8668547 .1610115 .5:319492.

1,2:3956 .11:322325 1.21054 .5536898 .5325266
1.87784 .8687025 .1656219 .53:34451

.0307848 .0:34268:3 1.233281 .562272 .52.59785
1.865747 .8705269 .1702021 .5448585

.0341.376 .0380005 1.262794 .5735174 .5401175
1.851449 .8736149 .1760851 .55571:39

.0364744 .04061117 1.29500:3 .585:3196 .5453456
1.83:37 .8760488 .1829313 .5642698

.0392176 .11436552, 1.312484 .5918132 .5479424
1.825009 .8778491 .1865905 .570598:3

041:3592 . 0465958 1 . 32969 .5980298 . 5507719
1.8156:34 .8792453 . 19035:36 .5755065

.0450088 .0501018 1.:351675 .6055979 .5549987
1.801806 .88(11487 .1955071 .5786823

• 0468276 . (‘5212.75 1.366654 .61 052.65 . 5582264
1.791:388 .8802789 .1992281 .5791401

.0499872 .05564.35 1.:381447 .6154296 .551:3427
1.78144.3 .8805737 .20291162 • 5801764

.1,52,0:352 .0590364 1.396061 .6204047 . 5641249
1.772657 • 881:3793 .2064293 . 5830 082

.11561848 .0625424 1.410505 .6254779 .5665542
1.765056 .13827194 .2097823 .5877192

.0583184 .0649174 1.421624 .6295967 .5680168
1.760511 .13844135 .2121761 .59:36746

• 0607568 .0676318 1.434215 .6344631 .5692879
1.75658 .8869579 .2147049 .6(12619

.0665496 .0741914 1.459035 .6441881 .5715078
1.749757 .89250:31 .2195765 .6221122

.0712216 .0792807 1.469748 .6488539 .5716213
1.74941 .8962536 .2212484 .6352963

.076 5048 .0:35161? 1.49305 .6580704 .5734831
1.74:3731 .9019578 .2257504 .6553486
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Table 3 (continued) Run 132

1 15:364 .0909397 1.5125 -34 .5549976 .5763513
1.7:35056 .9047406 .3303507 .6-551312

.1:15586:3 .11966975 1.52 :3802 .56.90129 .5817682
1 .718898 . 9024 ‘:‘c’i .33:57(171 . 556-9035

. 1 1, 1 117 76  .11151:32 1.57(17:35 . 5 3 0 04 5 1  • 594 :’344
1.68236-5 . 89:3:395~ .24 9374 3 r .4 45 3 51

.126442 1.611545 .6, ’3 :7207 .6(13176.
1.66.3291 .91141.3 1 .2598523 .552928

• ‘353 .141(13:14 1.647129 .70457:3 7 .61:1:3532
1.642432 .9064195 . 27 :3 3- 9 3 .5710331

14I~~lc~ 1%412fr 1 ~~ “2”~ ‘14”14:
1.620826- • 9075~354 • 3:~ fl7 ~~~~ .5741:8 1: 5

• 1 :144 .17116627 1.711958 .7340094 .6328942
1 .6.0541: 9 . 9110021 .289314:3 5.:37~ 433

• 1~
- .~ l.I :’.’4 .1:359305 1.745543 • 735374 .535896.9

1.595159 .9188.374 . 3’3: :3’3 1:1 1 . ~1 45262
.1 ~E. ’352:3 .2157883 1. ::14761 .755. :~~:6, 1 .64 1:14633

1.56 1 37 .9365157 .313341,3 .7416779

. 1 ,: c”:’sss .2449672 1. ::: 76 7 - .7  . 77494~~: .5534 332
1.530381 .93319 ’~4 • 

:,~~ .34 533 .75517:4

.2743723 1.941313 •73,~~~:7 •5~~.29951.496335 .938776.5 . :622655 .7847785

2729992 . 303:3905 1.994701 . :3 1 i7 0 : 3 .  .68( 5956
1.459.301 .9439454 . 3313:’39 .2029527

. ~~Afl 34 .333 .3909 2 .053174  . :33 :7~ 11 i .5331805
1.4447 1 .9536149 .4113 4 3 0 3  .:3 .334353

• 3~~(’134 .36 1795 2 .103 144 .:E: :71581 .7064831
1.415462 .955-4961 .4253448 .84711691

:5 1536 . .3-3 13142 3.156.757 .3 5 2 0409  .721:147 1:1 1
1. ~~:7933 .95.23112 .44-33112 .35935:3 7
.42 18503 3.2247:3 5 .26.58278 .7355794
1.359473 .36.78225 .4750245 .8858851

.4 ’  43775 .450:3:3 2. 3~~ 32 1 • :373451)’3 .7495626
1 . 3 3 3 9 3 3  •9739557 •5(i 1I4443 .91)844 56

4 ‘:2 0 0 3 2  .4:3 11:3:357 2. 341177 .3-923:3 1 .756804
1. 3:04114 . ‘~7:3 il1I15, .5 3037 73  .9226681
.51 1:3751 2. 3952 • 91,61115 .7796674
I .283598. .935 (1515 . 5 5 5:39 1  .95119663

.5411672 2.455657 .31~~6556 .7995364
1.250725 .9:3711,57 .59115251 .9546722
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Table 3 (continued) Run 132

.511556 .56944 1:3 2.51054 .9288856 .8138159
1.228779 .9937494 .61941162 .9780272

.5381752 .5990726 2.570474 .9:391948 .8362895
1.195758 .9930988 .6596.495 .9757401

.5640832 .6279122 2.6254:39 .9493869 .85 19887
1.17:3724 .9987842 .6921768 .995726

.5~ 04992 .657317:3 2.67981 .9588769 .870159
1.149215 1.001647 .7285452 1.005788

.t.169152 .6867225 2.731612 .9677792 .8875686
1.12667:3 1.004598 .7644263 1.016163

.5.31 139 2 .702556 2.757374 .972588 .8954577
1.116735 1.007035 .7817096 1.0247-3

.6443472 .7172585 2.7805:3 .9753158 .9€’ 54848
1.1 04361 ~.006028 

.8012388 1.1:121189

.6575552 .7319611 2.806668 .9796918 .914364:3
1.09:3655 1.007685 .8204489 1.027015

.~~~dU76 .~~~4~ 541
1.081953 1. 006502 .8400753 1. 022858

.6849872 .7624972 2.850522 .985044 1 .9329403
1.07188 1.006648 .858:3183 1.02:3371

.6~ 81952 .7771997 2.869585 .988586 .9386976
1. 1165306 1. 008786 . 87194(1:3 1. 030:3136

.7124192 .79:3032.2 2.886423 .9909613 .9451987
1.057979 1.009184 .8860472 1.0,32287

7256272 .8077358 2.904686 .9917972 .9555845
1.04648 1.006135 .9061904 1.021567

.7388:3 52 .8224384 2. 923594 .99:38169 .9641351
1.0.37199 1.0115391 .924213:3 1.01895

.7520432 .8371409 2.934133 .9968422 .9652127
1.036041 1.008844 .929083 1.0:3109

.7662672 .8529744 2.943886 . 9985272 . 9683636

1.03267 1.009797 .9366914 1.02.4441

.7794752 .867677 2.958831 1.1100343 .9746’7 ’38
1.025984 1.009736 .95 05735 1.034226

.7947152 .8846415 2.96850 8 .9996606 .9823982
1.017917 1.005974 .9649438 1.021 011 1

:3 1,48752 .8959511 2.972221 .999896 .9843942
1.01585 3 1.005538 .9690743 1.019468

-31808 2,2 .91 06537 2.979636 1. 0 €‘059 . 9879391
1.012208 1.005126 .9767 057 1.01802
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Table 3 (continued) Run 132

.8312912 .925356:3 2.984816 1.002596 .9874141
1.012746 1.007899 .9776292. 1.027768

.8444992 .9400588 2.989249 1.004577 .9864474
1.013739 1.010808 .9776541 1.037993

•:35:37232 .9558923 2.992201 1.0(1.3265 .9909844
1.009098 1.1107455 .9852.323 1.026207

.8709152 .9694639 2.992201 1.003106 .991297
1.008779 1.007137 .9857956 1.02509

.88412:32 .9841665 2.996624 1.001814 .996797
1.00.3213 1.1111:3482 .9954314 1.012239

.398347 2 1 2.9972.6 1.001824 .9972664
1.002741 1.01:13:326 .996:3757 1.011692

.9 115552 1.01470:3 2.9988:3:3 1.002257 .9973842
1.00262:3 1.00.3 :341 .9970408 1.013502

.91460:32 1.018095 2.99736 1.1:1 02(192 .9967325
1.003278 1.00:3863 .99558 1.013581

t’ELSTRP, CM= . 2764242
THETA,CPI= .0 58:3841
RE THETR= 3.862.663
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Table 3 (continued) Run 133

MEAN FLOW PPOFILE~~, RUN NO 133

P0,N/M2 97309
T0~ DEG K 318.8889
TW,DEG K= 172.2222
X~ CM= 42.5196
RHOE, K~~,M:3= . 0825342
UE,M-’SEC= 640.5367
PHOEUE2,N/M2~ 33775 .73
RHOEUE,KG.’M2SEC= 52.83385
RE ’M—l= 66:39482

(CM’ :’ Y ..” D M - U-’UE PHO.’PHOE
T’TE TO/TOE RE/PEE H

.00 508 .0058106 1.024466 .4138968 .6872.4:32
1.454867 .632583 .1996525 .21111464

.0065024 . 0074:375 1 .019615 .4150975 .6769208
1.477278 .6.412745 .194509 .22004:3 9

• .0(1782:3 2 .01,894:3 :3 1.026877 .4199217 .6709127
1 4~~~Il5I l7 ~43~~A~ 4 1~~3474? 5~~~1~

I I I I3 7?7~~ I I I l ’~~~~43 1 041147 4285fl5~1.509815 .660214 .1926817 .261222:3
.0104648 .0119698 1.07:326 .4508349 .6358299

1.572748 .69540:37 .1877025 .:3 :377446

1:112192 .012.9454 1.12:301 .4801:305 .612.7822
1.629242 .7331833 .187(19:34 .419:3758

.0170688 .11195235 1.208395 .515115 .6174124
1.619663 .7520462 .2029547 .4608:383

.020015 2 .02289:37 1.249117 .5318268 .6189158
1.615729 .7618409 .2104961 .482184:3

.1,22:352 .0255665 1.282982 .5461798 .619(1644
1.615341 .7716138 .2162743 .50:34331

.0250952 .0287042 1.302096 .5557044 .6159769
1.623437 .7812469 .2179944 .5243777

.0307848 .0:352121 1.339349 .5732612 .6124187
1.6:3287 .7973345 .2224559 .559:3561

.03:34264 • 0382:336 1.364 067 .5823157 .615630:3
1.624351 .8009763 .228193 .567274:3

.0:337096 .0442766 1.39147 .592:3603 .6190726
1.615319 .8052892 .2345666 .5766515

66

~~~~~~ _
~~~~~~ ~~~~~~~~~~~~~~~~~~ ~_1i~~

_
~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~ -- -_ ~~~—‘_ _



Table 3 (continued) Run 133

.044704 .0511331 1.430694 .6072596 .6e2?453
1.605793 .8133161 .2431476 .5~~ lO39

.11511048 .0584544 1.462738 .6194145 .6256571
1.59832 .8201823 .2501942 .6090327

.057912 .0662406 1.485713 .6279377 .6280625
1.592198 .824793 1 .2554702 .6190578

.0644144 .0736781 1.515252 .6383673 .6321124
1.581997 .829588 1 .2628674 .6294832

.0719328 .0822777 1.541294 .6474262 .635852
1.572693 .8337064 .2695698 .6384373

.0782:32 .0894829 1.565442 .6556715 .6395394
1.563625 .8:373309 .2759883 .6463179

0860552 .0984311 1.586407 .6629687 .6424053
k 1.55665 .8409885 .281418 .6542705

.0911:3 52 .1042417 1.605698 .5692.903. .6455569
1.54905 .84:37385 .2867748 .6602497

.1038:352 .1187682 1.64352 .6822801 .6510137
1.536066 .850234 .2969711 .6743724

.117856 .134805:3 1.6812.7 .6947032. .6571946
1.521619 .8560012 .2,1178182 .6869118

.1.304544 .1492156 1.718926 .7(172894 .6626525
1.509087 .8628016 .2.183297 .7016975

.14:366 24 .1643231 1.746586 .7184588 .6630438
1.508196 .8726834 .3.22.7176 .7231828

.156.972 .1795468 1.782327 .7271067 .~~413111.48:33.91 .8717777 .33811569 .7212137

.1710944 .1957002 1.8173 .7381032 .6801191
1.470331 .8774063 .3.48969:3 .7334515

.1827784 .2090645 1.848045 .7474954 .6857626
1.458231 .8819965 .358994 .7434319

.2101088 .2403254 1.912463 .766939 .6976381
1.433408 .89194 .3805469 .765 0514

.2365248 .2705404 1.975747 .7859589 .7089715
1.410494 .902627 .4021371 .7882876

.2629408 .3007554 2.034824 .8041891 .7182957
1.392184 .9146181 .4218498 .814359

.2907792 .3325973 2. 095604 .820901 .7311435
1.36772 .9232249 .4454588 .8330724

.3157888 .3623475 2. 153622 .8383795 .7403266
1.350755 .9:357075 .4659494 .86 02126
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Table 3 (continued) Run 133

.3438144 .3932597 2.212041 .8508095 .758.381
1.318598 .9376023 .4952415 .86432.2-3

.370:3:32 .4235909 2.267984 .86:3965 .7731319
1.29:344 .9430131 .5218966 .:3760966

395732 .4526438 2. :322573 .87891156 . 7834657
1.276:38 . 9535638 . 5446945 .899(1364

.4109 72 .470(1755 2.354902 .8856739 .79:31656
1.260771 .9556054 .5620938 .90:34754

.451:1595 .515398 2.4:31644 .9050992 .809792
1.2:34885 .9685879 .5979626 .9:317025

.477(112 .545612. 2.485283 .9152419 .13272671
1.2(1:3799 .9710416 .6.3 02507 .9:370:374

.503428 .575828 2.53518 .9278752 .8:375:374
1. 19:3977 .98(16:315 .6544722 .9578882

.5.311376 .608:3672 2.591:346 .9:369277 .8582314
1.165187 .9810999 .693070 1 .9589066

.552 196 .6:316(195 2.634517 .9466782 .8688868
1.1511898 .98772.117 .717:376:3 .97332:35

.5:3166 .6653109 2.69(1887 .9547732 .:3911612
1.122131 .9872536 .7602945 .9722863

.60909 2 .696688 2.743904 .9664252 .91:1441.3 8
1. 1 05689 . 9956855 . 7922 124 . 9906192

.6:36524 .7280651 2.79261:3 .9745:3 .9211999
1.085541 .9985851 .828342.9 .9969237

.661924 .7571179 2.8290:34 .9799822 .9:349876
1. 0695:3:3 .9995968 . :3577 0:34 . 99912:34

.676148 .7733876 2.852822 .9826495 .9456228
1. 0575 04 .9986277 .8794722 .997(116:3

.6:37324 .7861708 2.868511 .986724 .9481729
1.05466 1.002746 .13878344 1.110597 1

70 2564 .8036(126 2.888836 .9905578 .9542279
1.047968 1.005197 .9025803 1.0113

.715772 .8187101 2.897826 .9914112 .9585236
1.043271 1.004593 .9114272 1.009986

.72898 .8:3:38175 2.913494 .9929017 .96601(11
1.035186 1.003582 .9269779 1.007789

.7-33044 .838466 2.920927 .99:36042 .9695727
1.0:3 1:382 1.003109 .9344296 1.006761

68



. 5——- -—-‘--5-c - . ._ .•—- -_ --.-_-5.~~5- ’*-— ~~~~ ‘ --

Table 3 (continued) Run 133

.753364 .8617083 2.940169 .9958667 .97793 07
1.022567 1.002825 .9526458 1.006142

.782:328 .8954096 2.957826 .9978474 .9857862
1.014419 1.1102427 .9698322 1.005276

.7960:36 .9105171 2.965153 .9980608 .9902531
1.009843 1.001055 .9787974 1.002294

.803228 .9244625 2.971003 .998513 .9932638
1.006782 1.000533 .9851713 1.00116

.:322452 .9407321 2.973924 .999211 .9938277
1.006211 1.001221 .9:369738 1.002656

.83566 .9558396 2.976842 .9992843 .9956328
1.004386 1.00066 .9906167 1.001434

.348868 .9~ 09471 2.98267 1.000336 .9974328
1.002573 1.001356 .9952326 1.002948

.362076 .9860546 3.984125 1.000525 .9980315
1.001972 1.001381 .9966077 1.003003

.374268 1 2.98558 .9997545 1.000545
9994554 . 9994897 1. 000839 .9988905

.887476 1.0151 07 2.98558 .9992994 1.001456
.9985458 .9985801 1.002199 .9969128

.900684 1.030215 2.984853 1.0(109 .99777
1.002235 1.001957 .9964613 1.004254

.913892 1.045322 2.981214 1.0023 .9925591
1.007497 1.1105645 .98751:3 1.012273

DEL TAP,CM= .250447:3
THETA ,CM= . 0632969
RE THETA= 42 02.583
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TABLE 4
SUMMARY OF INTEGRAL PROPERTIE S

AND
EDGE CONDITION S

x Sta. 8 8 Re0 Pw PeUe ~ U~~
cm cm cm cm N/N2 

~g/M
2sec N~M’

Tw/Toe =

35.05 .846 .2743 .0508 3273 2497 50.18 32286
38.79 .899 .2916 .0533 3487 2554 50.96 32693
42.52 .960 .3086 .0584 3816 2651 51.89 33176

Tv/Toe = .714

35.05 .820 .2441 .0518 3384 2567 51.06 32789
38.79 .856 .2609 .0536 3507 2550 50.91 32674
42.52 .899 .2764 .0584 3862 2663 52.32 33459

Tv/Toe = ~54

35.05 .836 .2225 .0538 3509 2539 50.81 32626
38.79 .861 .2629 .0612 3964 2505 50.33 32344
42.52 .876 .2504 .0632 4203 2707 52.82 33775
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TABLE 6

DERIVATIVE S FOR SHEAR STRESS CALCULATION S
x = 38.79 inches

T /T ~~~~~ 

8 dPeue 8 dpeue
2 1. dp 

-1w oe dx PeUe dx dx Pe11e
2 ~~ (inch 

)

.94 .0169 .00404 .00328 .00063

.714 .0136 .00280 .00235 .000393

.54 .0184 .00445 .00409 .000693
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Figure 42. Shear stress distribution, based on mean flow prof iles for
Tv/Toe .94, x = 38.79 cm
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Figure 45. Turbulent shear stress, normalized by wall shear, versus y/&
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