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NOMENCLATURE

A Area for local averaging in Figure 4.1, or total plate heat

transfer area

A+ Van Driest damping function
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CPR Ratio of thermal penetration distance over the momentum pene-
tration distance

D Diameter of injection tube

DPL Jet penetration distance for momentum

F Blowing fraction, pOVo/pon° averaged over area A

£ Distribution function for effective source, Sh , within bound-
ary layer

g (1) Distribution function for effective body force, Sm , within

the boundary layer

(2) General mass transfer coefficient

8. Proportionality constant in Newton's Second Law

h (1) Heat transfer coefficient
(2) Enthalpy in Appendix H

H Shape factor, 51/62
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Unblown heat transfer doefficiént

(h-h_) [c f/2/{ (h-h)st}
Heat transfer coefficient used in adiabatic wall scheme
h(@ = 0) - h(®@ = 1)

Thermal conductivity
du,

(1) Acceleration constant, —\2)- Ti-xz
U

(-]
(2) Heat flux meter calibration constant without temperature

correction

(3) Wattmeter power correction factor

(4) Pressure drop coefficient

Constant that determines maximum in Ea

Flow direction pitch in injection hole geometry defined in
Figure 1.1

Mixing length

Augmented mixing length

Mixing length for flat plate

Lewis number

Blowing parameter, p2V2/p°°U°° averaged over the injection hole

area, Ah

Mass flux
Mass flow rate
Net transfer unit, fUdA/t'ncp

(1) Lateral pitch in injection tube array
2) deally averaged pressure

(3) General property

(4) Power supplied to the plate

Prandtl number, v/a
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Pr Turbulent Prandtl number, EM/eH

q Heat flow rate

q" Heat flux

&; Heat flux at wall

Re Reynolds number

Re_ U x/v,

Reg, U5, /v,

ReF, U A, /v,

Rew’D UwD/\)°°

SCFM Cubic feet per minute at standard condition
Sh Effective heat source

Sm Effective body force

St Stanton number, h/pxpgcp

Sto Unblown Stanton number

St* Stanton number defined as h*/mewcp

Ast St(6 = 0) - st(0 = 1)

T Local average temperature

t Temperature

Tcav Effective casting temperature

Tg Measured gas temperature

U Total conductance of heat transfer

u,v,w Local average velocities in x-, y~, and z-coordinates
u,v,w Velocities in x-, y-, and z-coordinates

Ux x-component of injection velocity averaged over Ah
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Friction velocity To/p

u/ UT

y-component injection velocity averaged over A

vO /UT

Effective V: necessary to calculate the transport properties

Distance in the main free-stream direction; also coordinate -

Virtual origin of turbulent boundary layer

U_rx/ v

Distance from the wall, perpendicular to the wall; also co-

ordinate
UTy oY

Source distance in Reference 45

Distance perpendicular to free-stream direction and y-direction;

also coordinate £

Greek Symbols

o

8
§C )
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(1) Emissivity of plate
(2) Heat exchanger effectiveness
(3) Arbitrary small number

Turbulent diffusivity for heat
Turbulent diffusivity for momentum
Adiabatic effectiveness, (Ta.w.—Tm)/(Tz-Tw)

Non-dimensional secondary injection temperature,

(T,-T )/ (T -T.)
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Subscript
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TURBULENT BOUNDARY LAYER ON A FULL-COVERAGE FILM-COOLED SURFACE -

AN EXPERIMENTAL HEAT TRANSFER STUDY WITH NORMAL INJECTION™

by H. Choe, W. M. Kays, and R. J. Moffat

CHAPTER I

INTRODUCTION AND BACKGROUND -

It is of practical interest to study the heat transfer behavior of
a turbulent boundary layer on a full-coverage, film-cooled surface. The
term "full-coverage film cooling" refers to a surface containing an array
of small holes through which a coolant is injected to protect the surface
from a hot fluid flowing parallel to the surface. Other methods to ac-
complish the same effect include transpiration cooling using a porous
surface, film cooling by injection through slots in the surface, and
porous-strip film cooling. In many situations film cooling through three-
dimensional discrete hole arrays, such as shown in Figure 1.1, is a more
practical method. This is especially true for the blade-cooling problems
encountered in a high performance gas turbine. Such an engine requires
the highest attainable thermodynamic cycle temperature and high pressure.
In the critical temperature range, a reduction of about 20°F in the blade
temperature can double the life of the blade [1].

In the study of a boundary layer problem of this type there are a
great many variables, both thermodynamic and geometric, which might affect
the operation of the real system. This program has been restricted to
uniform free-stream velocity and temperature, low velocity and low temper-
ature difference to approximate constant property flows, and also re-
stricted to obtaining local average heat transfer coefficients. 1In a
practical situation, other effects may also play a significant role --
effects of variable fluid properties, high Mach number, varying free-

stream velocity, etc. Investigators of turbulent boundary layers have

*Part of the material presented in this report was submitted by Mr. Choe
to Stanford University in 1975 as a thesis in partial fulfillment of the re~
quirements for the degree doctor of philosophy.



generally studied relatively uncomplicated basic cases where only a single
unknown effect is present. When applied to actual conditions, the above-
mentioned effects are then superposed on the known fundamental case.

In discrete hole, full-coverage film cooling there are many possibil-
ities for geometry changes. In this particular program, a circular hole
array with normal hole injection into the turbulent boundary layer is
considered, with two different pitch-to-diameter ratios, which happen to
be of particular interest to the gas turbine blade cooling problem.

There are two regions of interest: the discrete hole, or full coverage,
blowing region, and the recovery region downstream. Both regions are

considered in this program.

A. Review of Previous Work

Full coverage film-cooling through discrete hole arrays can be ap-
proximated as transpiration cooling in the limiting case where the dis-
crete holes are very close together and small relative to the sublayer
of the boundary layer. Transpiration cooling through a uniform porous
plate has been thoroughly investigated [2-9], and there already exist
several two-dimensional boundary layer computing schemes which have the
capability of handling very general boundary conditions, including wall
mass transfer [10].

Since a row of holes can also be approximated as an equivalent slot,
full-coverage film cooling has many similarities to conventional slot-
film cooling. The following section will concentrate on a review of

film cooling in general, including both slot and multiple holes.

A.1 Film Cooling in General

Wieghardt [11] investigated the de-icing problem on an airplane
wing using a two-dimensional slot with nearly tangential injection, i.e.,
injection parallel to the surface. He correlated his experimental results
in terms of an adiabatic wall effectiveness, N , and a parameter x/(S'M),

where N 1s defined as
a.w. T

(1.1)
2 "~ T»

T
n 4 3



Here x 1s the distance downstream from the slot, S i; the width of
the slot, and M 1is the ratio of the mass flux through the slot to the
mass flux in the free-stream. T, 1s the free-stream temperature, Tz
is the coolant temperature, and Ta. . is the temperature assumed by an
adiabatic wall downstream from the slot. '

Seban [12], Seban and Back [13], and Hartnett et al.'[14] investigated

adiabatic wall effectiveness, and a heat transfer coefficient defined by:

. *
q; 4 b (To - Ta.w.) (1.2)
In this equation To is the actual surface temperature at some point
downstream from the slot, and Ta.w. is evaluated from the adiabatic

wall effectiveness, n , for the same conditions. 1In other words, two
different experiments are carried out to evaluate h* » one with an in-
sulated surface to establish n , and a second with an active heat trans-
mitting surface. These experiments were conducted using a two-dimensional
slot with tangential or near-tangential injection. The main conclusion
of their investigations was that h* had nearly the same value as the
heat transfer coefficient for the case of no film cooling, except for

the region very close to the slot exit. Most investigators in the field
have concentrated on the acquisition of adiabatic wall effectiveness for
various geometries: the injection angle was included by E. Papell [15],
Haji-Sheikh [16], Artt et al. [17], Repukhov et al. [18], and Metzger et
al. [19]. The thickness of the injection slot 1lip was varied by Kacker
and Whitelaw [20]. Variable free-stream velocity was considered by Pai
and Whitelaw [21] and Seban and Back [13], the turbulence level in the
slot by Kacker and Whitelaw [20], and the free-stream ‘turbulence level

by Carson and Talmor [22]. Instead of a slot, a porofis strip was used

by Goldstein et al. [23], Escudier and Whitelaw [24], and Nishiwaki et

al. [25]. Also, continued investigations on the tangential injection
geometry were done by Pappel and Trout [26] and Samuel and Joubert [27].
Multiple slots and multiple rows of louvers were studied by Cﬁin et al.
[28], and a multiple row of holes by Pappel [15]. The holes studied by

Pappel were very closely spaced to approximate slots.



The practice of evaluating only n was justified on the basis that
the critical region for the application of film—cooling is generally some

distance downstream from the location of injection.

A.2 Discrete Hole Film Cooling

Goldstein et al. [29] studied the variation of n around and
downstream from a single circular hole, and Goldstein et al. [30] studied

a row of holes with normal hole injection, and 35° inclined injection,
and 15° and 35° skewed injection. Metzger and Fletcher [31] investigated

heat transfer and adiabatic wall effectiveness for discrete hole injec-
tion. Eriksen [32] studied heat transfer with the same geometry used by
Goldstein et al. [29,30], and also obtained laterally averaged heat trans-
fer coefficients and n . LeBrocq et al. [33] investigated the behavior
of n with a plate which was totally covered with a discrete hole array
of P/D =8 , with an inline and a staggered pattern. They also investi-
gated the effect of density, and they provided detailed velocity profiles
around the holes. Launder and York [34] studied the effect of slant angle
and acceleration on the same geometry as LeBrocq et al. [33]. Heat trans-
fer data were not taken in the above two studies. Burggraf and Huffmeire
[35] studied n and h* with two rows of holes. Nina and Whitelaw [35]
studied n for a discrete hole tangential slot which consists of a row
of circular holes.

Ramsey and Goldstein [37] investigated temperature profiles, velocity
profiles, and turbulence intensity profiles after a single hole injection.
The turbulence data and the velocity profiles were taken by a hot-film
probe. Metzger et al. [38] investigated heat transfer behavior on a full-

coverage, filmcooled surface using a method outlined in Metzger and

Fletcher [31].

A.3 Analytical Methods

For two-dimensional, slot-film cooling, several simple analyses
have been proposed. One is from Stollery and El-Ehwany [39] and is
basically an integral analysis with mass and energy addition into the tur-
bulent boundary layer as a result of slot injection. This model predicts



n to be infinity at the location of injection. The model was modified
by Libbrizzi and Cresci [40], and Kutateladze and Leont'ev [41], to give
n = 1.0 at the location of injection. These analyses use assumed pro-
files for temperature and velocity.

A more thorough integral equation analysis was performed by Nicoll
and Whitelaw [42], and by Haji-Sheikh [16]. Both used empirical correla-
tions for shape factor and shear stress. Pail and Whitelaw [43] used a
two-dimensional boundary layer finite difference procedure for prediction
of n . For discrete hole tangential slot cooling, Patankar et al. [44]
used a three-dimensional parabolic finite difference procedure for pre-
diction of n .

For film cooling using a single hole, Eriksen et al. [45] suggested
the following simple three-~dimensional model. Neglecting all velocity

components except U_ , and assuming that eddy diffusivity, is con-

€
H 9’
stant throughout the field, one can obtain the governing equation,

2 2 2

T T , 9°T , 3T
u, & eH(a—-z +271.22 (1.3)
Ix oy 3z

Then approximating the injection fluid with a different temperature than
the main flow as a point source, or line source, some distance, Yo »

above the wall, they determined € from experimental data on n, and

Yo from temperature profiles. Fog a row of holes, or multiple rows of
holes, superposition of this solution was suggested.

Comparison with their experiments showed that the method gave a
good prediction far downstream of an injection hole, but is not good near
the injection hole. Herring [46] formulated a two-dimensional boundary
layer procedure by averaging the three-dimensional governing equations in
the lateral direction. He used the turbulence energy equation to provide
the eddy viscosity. He predicted several velocity profiles but did not
predict heat transfer data. Also his velocity profile'predictions did not
give a good detailed comparison near the wall, which is important for
heat transfer studies and for shear stress evaluation at the wall.

There have apparently been no further developments in the prediction

of film cooling with a single hole or an array of holes. The analysis

5



of Eriksen et al. did not view the problem as a boundary layer phenomenon.
The actual situation is, however, more boundary-layer-like, except for a
small area behind the jet where flow separation is possible. Her-
ring was the first to use the two-dimensional boundary layer equations
for thq three-dimensional, angled-injection problem.

| The main difficulty with all of the analytical attempts has been
that there is not yet a way to handle the three-dimensional problem

propg;ly, and the experimental results have not been successfully cor-
related, either.

A.4 Experimental Methods

There are various methods for the acquisition of data for film
cooling. In most cases, investigators have used film "heating" instead
of film cooling, since for small temperature differences the non-dimen-

sional parameter, N , must be the same for both cases.

A.4.1 Methods for the Acquisition of 1

1. Use of an Adiabatic Wall
This is the most common method of obtaining adiabatic

wall effectiveness. Investigators have normally used a relatively thin
sheet of insulating material which is instrumented with imbedded thermo-
couples, with the space underneath stuffed with soft insulating materials
such as fiberglass. With this method a two-dimensional map of n can

be readily obtained. To obtain laterally-averaged values of n , signals
from the several thermocouples at the same x-location are laterally aver-
aged. Using infrared radiometers, Mayle and Camarata [47] and Blair

and Lander [48], used urethane blocks to form the test section, and then
used black paint to obtain a final finish on the top surface. With this
method, they could obtain a detailed n-map, as well as n averaged

across the channel at particular x-locations.

2. Use of a Mass-Transfer Analogy
This method relies on the fact that the turbuleant
Lewis number, Let = 1.0 (Nicoll and Whitelaw [42]). The method elim-
inates any suspicion as to whether the adiabatic wall used is truly adia-
batic or not. LeBrocq et al. [33], Launder and York [34], Kacker and

6




Whitelaw [20], and Pederson [49] used this scheme. To get the wall mass
concentration, they used a Klathomagraph or a similar mass concentration

analyzer.

3. Use of a Constant-Temperature Wall
Metzger et al. [19] used this method to obtain data

on 1nn . They used a transient technique to get heat transfer coefficients,

then plotted the results as h vs. 0 , where h denotes the heat trans-
fer coefficient, based on surface to free-stream temperature difference,

and 6 , a non-dimensional injection gas temperature defined as:
8 = T (1.4)

From these results it is possible to deduce n (and also h*).

A.4.2 Methods for the Acquisition of h*

1. Use of a Constant Heat Flux Wall

Most investigators have used this condition for the
wall. Nichrome heaters are placed underneath a high-conductivity metal
plate (Seban and Back [L3]), or thin stainless sheets are used for heaters
as well as the wall (Eriksen [32]). In this method, the power supplied
to the heater is measured, as well as the wall temperature, and Ta.w.
can be evaluated from separately obtained data on n . Then n*

can be calculated from Equation (1.2).

2. Use of Constant Wall Temperature

a. Transient Tests
This technique uses a rather small and thick
metal block for a test plate. Metzger et al. [19,31,38] used an aluminum
block and recorded the temperature of the block while it was cooled;

from that they could determine how much heat transfer occurred.

b. Steady State Tests

In this method, test plates are heated to some
desired temperature, where wall temperature as well as the plate power
are measured. Mayle and Camarata [47], and Blair and Lander [48], used
this technique.



B. Approach to the Present Experimental Study

B.1 Presentation of the Basic Approach

Figure 1.2 shows n and St*/Sto data from Wilson et al. [50].
Here Sto is the Stanton number bésed on the heat transfer coefficient, ho
which would be obtained under the same free-stream and temperature con-
ditions, but in the absence of film cooling. St* is based on the heat
transfer coefficlent, h* » defined by Equation (1.2). This is an ex-
ample of the basic information needed to calculate surface heat flux,
&; , on a film-cooled surface using the conventional formulation of the
problem employing the concept of effectiveness and adiabatic wall temper-
ature.

There are two distinctly different regimes of interest in discrete
hole cooling: the full coverage region and the recovery region. For
simple film cooling with a slot, or a row of injection holes, the entire
region of interest 1s the recovery region downstream of the injection
point. When multiple rows of holes are employed (full-coverage film
cooling), the recovery region downstream may still be of interest, but
the main attention focuses on the wall surface between the holes. The
conventional formulation of the film-cooling problem has been employed
within the full coverage region, but was primarily developed to cope
with the recovery region.

In this work we start with the observation that full-coverage film
cooling has more of the characteristics of transpiration cooling than of
the recovery region following a slot. 1In fact, the principal differences
between full-coverage discrete hole injection and transpiration cooling
are that the holes through which the coolant is injected are now large
relative to the thickness of the boundary layer, and thus the coolant
can be at a temperature different from the surrounding wall surface. In
transpiration cooling it is generally assumed that the coolant is at the
same temperature as the surrounding solid material, and that the holes
are very small.

It is suggested that full coverage film cooling be treated as a

special case of transpiration cooling (or, equivalently that transpiration



cooling is a limiting case of full coverage discrete hole film cooling ).
This approach to the problem means simply that the concepts of adiabatic
wall effectiveness, n , and h* will be abandoned, and that heat trans-
fer coefficients will be based on wall surface to- free stream temperature
difference. Behavior with a strong similarity to the simple transpired
boundary layer should be anticipated. The problem of non-equilibrium
between the injected fluid temperature and the wall surface can be handled
by a separate set of experiments on the same apparatus. Since the appli-

cable thermal energy differential equation of the boundary layer is
linear in temperature, superposition can be used to predict performance

for any injection temperature, 1f two fundamental data sets are available.
The theory for this will be discussed later.

One advantage of this approach can be seen immediately by reference
to Wilson's data in Figure 1.2. To determine whether a given system per-
forms well or not, or how well it performs, there is no other way than
calculating &; itself and comparing this with the value of q; without
film cooling in a comparable condition. In transpiration cooling, how-
ever, St/Sto data directly give quantitative information on how well
the system acts to reduce the heat flux. This is possible because in
the heat flux evaluation the temperature difference of (To—Tw) is used
which is the same as for the non-film cooled surface. It seems obvious
that if we follow the formulation of transpiration cooling, the interpre-
tation of film-cooling data could be much simplified.

The flow in the boundary layer of a discrete hole, full-coverage
situation is strongly three~dimensional. To resolve this problem (which
is not attackable at this time), we shall need some type of averaging.

An ensemble average would yield a periodic steady three-dimensional tur-
bulent flow. To have some hope of analytic success it is necessary to
make the problem two-dimensional. There are several methods of averaging
which would achieve this goal. It was also desired that the averaging
method be consistent with the experimental approach. This led to local
averaging, which will be defined later.

Making room for an analytical approach is very important, because
there should be a systematic way to handle the variety of geometry changes



and boundary condition changes, otherwise the acquisition of all the data

required will take too much money and too much effort.

B.2 Determination of Operating Domain

Review of the previous investigations lead to the following

choice of parameters:

(A) M= 0.1 1.0
Most investigators have agreed that for M > 1.0 there is almost no

cooling effect with normal injection, due to jet penetration out-

side the boundary layer (e.g., Launder et al. [33,34] and Goldstein et al.
[29,30]). With P/D=5 and 10, M= 1.0 corresponds to F of 0.032
and 0.008 .

(B) P/D =5 and 10

Most investigators have been interested in the range of P/D = 5
10. Metzger and Fletcher [31] used P/D = 1.5, Goldstein [30] P/D = 3 ,
and Metzger et al. [38] P/D = 4.8 , but the practical gas turbine blade-
cooling designers are not interested in such a small P/D value, because

it 1is more prone to structural failure.
Also, a staggered pattern was chosen, because LeBrocq et al. [33]

showed that a staggered pattern performs better than an in-line pattern.

(C) Reg = 500 - 5000 at the Beginning of Injection
2

Most investigators had a very thin boundary layer at the point of
injection. Our purpose was to include the effect of Régé on the heat
transfer. LeBrocq et al. [33] had test plates which had discrete holes
from the beginning of the plates. Metzger et al. [38] probably had a
very small Régé at the beginning of injection. This gives the range
of Rex from 1.7 x 105 to 5x 106 , including the recovery region.

(D) Rez at the Beginning of Injection
2

Other investigators did not report this parameter explicitly. How-
ever, for the flat plate, this is the primary variable which correlates

10



St . The present program investigates the ReR, in equilibrium with
Rdsé » or with an unheated starting length before injection.

4

(B) Re, = (0.6 2.2) x10° (Re,  § UD/V,)

This is a rather strange combination for Reynolds number. The ratio

Rigé/Re“’D

the choice of the investigator whether Re

is exactly 'Eé/D » and once Rdgé is considered, it is rather
is preferred over 3é/D .

D
9
However, in this case Re°° D is a non-dimensional number more commonly
9
used in film cooling. The choice of this range of Re D gives.
]

Eé/D of 0.064 to 0.24 at the starting point of injection.

(F) 6 = 0.0, 1.0

0 18 a non-dimensional secondary injection temperature. Only two
values of © are needed since we can evaluate St at other values of

® by superposition (see Chapter III).

(G) Injection Angle ~ Normal to Wall

There have been experimental studies which employed non-normal in-
jection angles. In this program, however, only normal injection is con-
sidered. This will be the basic case to which slant or compound angle

injection can be compared.

(H) The Shape of Hole Geometry: Circle
There has been one experimental study by Goldstein et al. [51] for

non-circular geometry. In the present study, however, straight, circular
cylindrical holes are considered. For a general study of the effect of
variations in shape, the three-dimensional, full N-S equations and energy

equation have to be solved. This is not possible at present.

(I) Test Conditions

Pr = 0.715 v 0.718, for the working fluid of air

U, = 30 v 110 ft/sec (10 m/sec - 36 m/sec)

11



Test plate = 10 ft. (3.05 m) total, 2 feet (60.1 cm) blowing section
plus one 4 foot (1.25 m) length of test section before
and one after the blown section.

T, = T, and T_.

Secondary air flow rate = 1 cfm -~ 50 cfm for each row
(473 cc/sec - 23,600 cc/sec)
T, =~ T ™ 20 - 30°F (11°C ~ 16.7°C)
T ™ Ambient
D = 0.406 inch (1.03 cm)
Test section height = 8 inches (20.43 cm)
Test section width = 20 inches (50.8 cm)

Figure 1.1 shows the test plate geometry.

C. The Objectives of the Present Research

In the broadest terms, the objectives of the program are summarized

as follows:

(1) Development of a test apparatus capable of accurate evaluation
of the heat transfer behavior of a turbulent boundary layer
with the injection of fluid through a discrete hole array.

(2) Determine the utility of a new formulation for the film cooling
problem, unifying the theory of transpiration cooling and film
cooling.

(3) Experimental investigation of a basic heat transfer problem with
uniform free stream velocity and temperature, uniform blowing
with uniform temperature, and with low speed and small tempera-

ture difference between wall and free stream.
(4) Predictions of the locally-averaged heat transfer data.

For the construction of the test apparatus, the following goals were

set up:

12



(a) The free-stream velocity must be able to be maintained uniform
in the presence of strong blowing at approximately 30, 50, 80,
100 ft/sec (10 m/sec, 16.7 m/sec, 26.7 m/sec, 33 m/sec).

(b) The apparatus must have a low turbulence level, with uniform

two-dimensional free—-stream.

"{e) The instrumentation system and operating control must be such
that the validity of the results can be verified by energy '
balance tests over the full range of proposed test conditions.

(d) The apparatus must produce the generally-accepted Stanton numbers

and velocity profiles for the unblown condition.

(e) Secondary air temperature should be able to be set at any temperature
between ambient to about 45°F (25°C) above the ambient.

(f) Each row of holes must have independent control of the flow rate
and in each row, the flow rate in each hole should be uniform
within 1 1/2%.

(g) The apparatus must be able to change the momentum thickness at

the beginning of injection.

(h) The test plate must be segmented with good insulation, to obtain

the local average of heat flux.

(1) The apparatus must have a low level of noise.

13
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CHAPTER II

THE EXPERIMENTAL APPARATUS

The apparatus used in these experiments has a basic arrangement
similar to the existing transpiration rig described by Moffat [2]. This
apparatus will be called the Discrete Hole Rig., Figure 2.1 shows the
overall view of the Discrete Hole Rig.

A. Brief Description

The Discrete Hole Rig is a low speed, subsonic, closed-loop wind tun-
nel about 10 ft (3.05 m) high, 4 ft (1.22 m) wide, and 23 ft (7.02 m)

long. The tunnel's structure is shown in the block diagram (Figure 2.2).

There are four loops:

(1) The main air loop, which starts from the primary blower of 7100
cfm (201 m3/min) capacity and then passes through the return
ducting, oblique header, heat exchanger, and screen pack and con-
traction nozzle combination to produce a uniform velocity
across the plane and low turbulence level, then into the test

section, plenum box and then back to the blower.

(2) The secondary air loop which takes air out of the plenum box
using a secondary blower and passes it through a heat exchanger/
heater box combination and through the control valves to the
delivery tubes (where flowrate is measured) and manifolds for

distribution to each hole.

(3) The cooling water loop, which supplies the two heat exchangers, con-
gisting of an 80 gal. (302.82) capacity water tank and supply
and discharge lines to and from the tank.

(4) The hot water loop, which heats the plates upstream and down-
stream of the blowing section, and has two temperature-controlled

water heaters.

The test section is 8 in. high (20.32 cm), 20 in., wide (50.8 cm),
and 10.0 ft long (3.05 m). There are 3 main sections in the test plate.
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The first 4-foot (1.22 m) test section and the last 4-foot test section
were previously used for McCuen's [52] and Morretti's [53] theses work.
Each of these consists of 48 individual copper plates one inch (2.54 cm)
wide, insulated by 1/32 in. (0.794 mm) thick Kel-F insulation. The first
24 plates do not have the capability of being heated. The last 24 plates
can be heated by hot water through copper wave guides underneath the
plates. All 48 plates are instrumented to measure temperature and each
of the last 24 plates has a heat flux meter. The heat flux meter is a sil-
ver-constantan thermopile which measures the temperature difference across
a 1/64 in. (0.397 mm) thick bakelite plate underneath the copper plate,

A 2 ft. (60.1 cm) blowing section is located between the above two
sections. This consists of 12 copper plates, each 1/4 in. thick (6.35 mm),
2 in. wide (50.8 mm), and 18 in. long (45.7 cm). The first plate acts
only as a guard heater for the second plate, and has no holes. From the
second plate to the 12th plate, each has eilther 8 or 9 holes for second-
ary gas injection. Each plate has 4 iron—constantan thermocouples to
measure the plate temperature and one electrical heater to heat the plate.
For each row of holes, the temperature of the secondary gas is measured
4 in. (10.16 cm) underneath the test plate surface, and the total flow
rate to each row 1s measured by a hot wire type flow meter. The second-
ary gas temperature 1s controlled to the desired level by adjusting the
electric power to the secondary air heater system.

The tunnel side walls and top wall are made with 1/2 in. thick (1.27
cm) plexiglass. One side wall has static pressure taps used to measure
free stream velocity. The static pressure taps are 4 in. (10.16 cm) above
the test plate to eliminate the effect of discrete hole blowing. The top
wall has three flexible strips: two were needed for adjustment of the
top wall to maintain uniform free stream velocity through the blowing
section, and one allows introduction of an acceleration in the foreplate
to provide small momentum thickness at the beginning of blowing.

In the following sections, detalled descriptions of the test appar-

atus, instrumentation, and qualification of the rig appear.
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B. General Physical Arrangement

B.1l Primary Air System

The main air velocity in the test section is varied by changing
the pulleys and belts on the blower and motor drive. This gives nominal
test section velocities of 30 ft/sec (10 m/sec), 55 ft/sec (16.7 m/sec),
80 ft/sec (26.7 m/sec), and 110 ft/sec (33 m/sec). Ailr enters the main
test section through an oblique inlet header to the heat exchanger; a
design based on recommendations by London et al. [54]. 1Its shape was
specified for uniform flow distribution and minimum pressure loss.

A screen pack follows the heat exchanger to reduce the non-uniformity
of the main stream velocity and to reduce the turbulence level. It con-
tains four stainless steel, #40 mesh, 0.0065 in. (0.165 mm) dia. wire
screens. Based on the work of Schubauer et al. [55], this screen pack
should reduce mean velocity maldistribution by a factor of 1200 and turbu-
lent fluctuations by a factor of 10.

The screens are followed by a three-dimensional nozzle to provide a
uniform inlet velocity field to the test section. The nozzle accelerates
the flow from the screen pack to the test section inlet with 11.1 to 1.0
area contraction. The nozzle wall design started with the shape recom—
mended by Rouse & Hassan [56]. The wall shape has been chosen such that
the first three derivatives of flow area, are zero at the nozzle exit.
There 1s a slight acceleration in the inlet section of the nozzle to avoid
separation in this region. This was accomplished by designing the nozzle
length for 40 in. (101.6 cm) and cutting off the first inch when the nozzle
was actually built. A Teledeltos model of each of the nozzle walls was
used to check that the nozzle smoothly accelerated the flow with no tend-
ency for separation at inlet or exit. The 8 in. (20.32 cm) height was
selected to ensure that the top wall would not interfere with the injected
gas at the highest blowing rate. The downstream edge of a boundary layer
trip, a sharp edged square strip 1/32 in, x 1/4 in. x 20 in. (0.794 mm x
6.35 mm x 50.8 em), is located four in. (10.16 cm) downstream of the noz-
zle to produce a high momentum thickness at the blowing section. To get

low momentum thickness at the blowing section, the downstream edge of a
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trip 1/16 in. x 1/4 in. x 20 in, (1,588 mm x 6.35 mm x 50,8 cm) 18 located
2 in. (5.08 cm) upstream of the blowing section (see Figure 2.3).

The test section cross section consists of four sides: the Bottom
(the test plates), the top (the top wall), and the two sides (the side
walls). Two side walls are fastened to the test plate structure and
sealed with RIV cement. The movable top wall can be pivoted about its
upstream end to provide for either an increasing or decreasing flow area
in the flow direction. One side wall has static pressuré taps 12 in. (30.5
cm) apart in the upstream and downstream plate regions and 8 in. (20.3 cm)
apart in the blowing region. In the beginning of the blowing section,
pressure taps are located 6 in. (15.24 cm) apart to sense the steep change
of pressure. These taps are four in. (10.16 cm) above the wall so that
they are not much affected by strong discrete hole blowing.

All tests described here were conducted with uniform free stream
velocity. To obtain this condition, the top wall was set for each run
by adjusting its elevation until there was no measurable change in the
statlc pressure along the test section. In practice, local deviations of
0.002 in. (0.05 mm) of water have been accepted in static pressure. A
probe sled, which spanned the test section, was locked onto the side walls
in fixed positions over the center of the test plate at each measuring
station. The probes, supported from this sled, extended down through
access holes on the top wall. These access holes have plexiglass plugs
which smoothly close the holes inside the tunnel when not in use. The
access ports have two shapes: 3/4 in. (1.9 cm) circular holes and 1 7/8
in. x 2 1/2 in. (4.76 cm x 6.35 cm) rectangular holes. There are two
rectangular holes in the blowing region, one between and above the seventh
and eighth plates, and the other between and above the tenth and eleventh
plates. These rectangular holes are for detailed investigation of velocity
and temperature profiles around the injection holes. The probe sled at
these stations can move in the flow direction with 1/4 in. (0.63 cm)

-intervals up to 1 in. (2.54 cm). This was accomplished by having

locking holes on the top edge of the side walls at 1/4 in. (0.63 cm) in-
tervals. The traversing mechanism itself can move on the sled in the

lateral (z-) direction with intervals of 0.2 in. (0.51 cm), covering two
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in. (5.08 cm). This combination provides 55 measuring stations. The’
circular access holes are located along the centerline, In addition to
these, at the exit of Ehe contraction nozzle, at the starting point of
blowing, and right after the blowing section, full sets of circular access
holes are provided, extending across the width of the test section. These
are primarily to check the uniformity of the boundary layer growth in the
lateral direction (two-dimensionality check).

B.2 Secondary Air Supply System

The secondary blower can deliver 2200 cfm (62.2 m3/min) of air
flow rate and develops a head of 28 in. (71.1 cm) of water at 3300 rpm.
For the low flow rate of secondary injection, it delivers about 500 cfm
(14.15 m3/min) with a head of 2 in. (5.08 cm) of water.

The secondary air from the blower is delivered to a wooden box,
which contains a 5-row, 18 in. x 24 in. (45.72 cm x 60.96 cm) heat ex-
changer, and to a heater box which consists of twelve 220 volt 1 kw air
heater elements. Seven sheets of copper screen are provided to make the
temperature uniform, and a distribution header with eleven 2 in. (5.08
cm) pipes and 2 in. (5.08 cm) brass ball valves for the control of
secondary air flow rate.

Flexible tubing connects each valve outlet to one of eleven PVC pipes,
each 7 ft. long (2.14 m), and used to meter the secondary air flow rate
in each row of holes. In each pipe there is a hot wire type flowmeter
(see Appendix D) developed for this apparatus to handle the wide range of
flow rate (1 cfm (0.472 2/sec) to 50 cfm (23.6 L/sec)) required for the
secondary air system. For such a requirement orifice meters or rotameters
would have been bulky, and expensive. Flexible tubing delivers the
secondary air stream from the flowmeters to the 11 flow manifolds (Figure
2.4) located underneath the blowing test section. Delivery tubes connected
with rubber tubes allow a small dislocation of PVC pipes on the manifold
from the test section blowing holes. Ball valves were adjusted to achieve
uniform flow in each hole in one row within 1.5% (see Manifold Valve
Adjustment, Appendix E). Then the valve handles were removed to

protect the calibration.
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The secondary air system is enclosed to reduce heat transfer with
the ambient.

B.3 Blowing Section

This two foot section provides the particular geometry for blow-
ing. In this experiment, a staggered circular hole pattern normal to the
wall is employed with P/D =5 and D = 0.406 in. (1.03 cm) (Figure 2.5).
The aluminum casting which supports the copper plate is 22 in. (55.88 cm)
wide, 24 in. (61 cm) long, and 3 1/2 in. (8.89 cm) high. The assembly has
twelve 2 in. (5.08 cm) wide, 18 in. (45.72 cm) long, and 1/4 in. (6.35
mm) thick copper plates yielding a heat transfer area 18 in. wide and 24
in. long. A photograph of a machined casting is shown in Figure 2.6. A
cross section through one of the plates and the compartment in the alum—
inum casting are shown in Figure 2.7. The casting used in this experi-
ment was modified from the one used in the smooth transpiration rig.

Since copper is such a good conductor, two heater wires for each
plate were sufficient to keep the temperature of the copper within 0,03°F
(0.017°C) in the flow direction on a single copper plate. To have sym-
metric heating, two 18 in. (45.72 ecm) of AWG #28 chromel wires were imbedded
into parallel heater grooves and epoxy-bonded to the copper plate. One
end of the wires was jumpered with copper wire, and the other end was con-
nected to the output terminal of a variable transformer. The heater re-
sistance is about 8 Q .

To have well-stabilized power to the plates, the building power is
passed through a servo-driven voltage stabilizer, then through a satura-
ble-core type voltage stabilizer. The power source 1s used for the flow
meter heaters as well as test plate heaters (Figure 2.8). After the
voltage stabilizer, it goes to the step-down powerstat. This reduces the
voltage to 25 n, 40 volts AC. Finally it goes to the individual
powerstats to control the test plate power. This arrangement makes it
possible to control the power over a wide range with accuracy. All elec-
trical power cables are enclosed inside the conduit to minimize inter-
ference with the thermocouple readings. A switching arrangement pernits
the insertion of a precision wattmeter into each channel, as desired for
data-taking purposes. The finished surface of the test plate assembly felt
smooth to the touch, but during the operation, very small cracks in the
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plastic material in the joints appeared. These did not show any change
in the hydrodynamic character of the tunnel, '

Each plate has four thermocouples measuring surface temperature,
about equally spaced across the span. For eight hole rows, they are
4.05 in. (10.3 cm) apart, twice the pitch distance, symmetric about the
center. For nine hole rows, two inside thermocouples were 6.09 in.
(15.45 ecm) apart and two others 4.06 in. (10.3 cm) from the inside
thermocouples, symmetric about the center. The 18 in. (45.72 cm) whole
span of copper plate is used as a measuring area.

The thermocouples for measuring the plate temperature are set into
the copper plate through 0.050 in. (1.27 mm) dia. holes, with their junc-
tion approximately 0.030 in. (0.762 mm) beneath the surface.

Five water passages through the aluminum casting webs are used to
control the temperature of the casting. When conducting energy balance
tests, either hot or cold water, as needed,was used to maintain the cast-

ing temperature within 5-~10°F (3-6°C) from the test plate temperature.

B.4 The Surface Condition of the Test Plates

The test plates are made of copper and to minimize the radiation
heat transfer from the surface, they were well polished with commercial
copper polish. Right after polishing, the surface shone like a mirror,
and the details of the surroundings could be well examined through the
test surface. This mirror-like shine lessened as the experiments were
continued, but it never disappeared. With these conditions, the surface

emissivity was estimated from 0.05 to 0.15.

B.5 Thermal Boundary Conditions

To give the proper thermal boundary layer to match the thin
momentum layer, 24 cells of the upstream plate were heated using the
hot water system. This provided momentum thickness and enthalpy thick-
ness, at the starting point of blowing, comparable to the flat plate,
constant wall temperature boundary layer. For the thick boundary
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layer condition, the same situation could not be achieved, because the
upstream plate cannot be heated on the entire length but only on the
downstream half of the plate. So, as a better defined boundary condition,
a step wall temperature was used in the blowing section. To achieve this,
all the polyflo lines were simply disconnected from the test plate, and
in the last cell, a cold water line was connected to adjust the thermal

boundary layer growth to the minimum.

C. Imnstrumentation

C.1l Temperature Instrumentation

All temperature measurements on the Discrete Hole Rig
are made with iron-constantan thermocouples, except for the boundary layer
traversing thermocouple, which is made with Chromel-constantan. Samples
of the iron-constantan thermocouples and the Chromel-constantan thermo-
couple were calibrated against a Hewlett Packard Quartz Thermometer, which
is accurate within 0.02°F (0.01°C). All four samples of iron-constantan
showed the same calibration curve within the accuracy of calibration,
+0.07°F , or +2 UV of the thermocouple signal. The calibration curves
for iron-constantan thermocouples and those for Chromel-constantan were
incorporated into the data reduction program.

All the thermocouple wires are brought together into the constant
temperature zone box at the back of the console panel, where they are
connected to rotary thermocouple switches leading to the display of the
gignal through a Hewlett-Packard Integrating Digital Voltmeter, Model
2401C. The boundary layer traversing thermocouple probe has its own ice
bath and has an isolated circuit of its own. The thermocouple circuit is
shown in Figure 2.9, along with the heat flux meter and flowmeter cir-
cuits. The thermocouple wires were made long enough to reach the constant
temperature zone box. To avoid temperature gradients along the thermo-
couple wires, 1/8 in. polyflo tubing guided and covered all the thermo-
couple wires between the thermocouple junction and the constant tempera-
ture zone box. The constant temperature zone box is lined inside with

1/32 in. thick copper plate and insulated outside with aluminum foil-
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backed, rock wool insulation. One diagnostic thermocouple is provided to
measure the temperature difference across the diagonal of the zone box.
I1f this diagnostic probe showed larger than 7 uV , data were not taken.
All iron-constantan thermocouples shared a single ice bath reference
Junction.

For the thermocouples measuring the test plate temperature, enough
immersion depth is given following Moffat [57] to reduce the conduction
error. Thermocouples for measuring the casting web temperatures were
also given enough immersion depth. For the free stream and the secondary
alr, there were no accountable errors in temperature measurement.

The four thermocouples from each plate were wired in parallel to one
switch terminal in the constant temperature zone box. This scheme gives
a good average temperature of the plate, since the signals and the wire
resistances have almost the same magnitudes. Three thermocouples from
each row of holes for measuring the secondary air temperature were also
ganged together to give an average secondary air temperature.

For the temperature traverse in the boundary layer, Chromel-constantan
thermocouples with 0.003 in. (0.08 mm) diameter were used. Enough con-
duction length was given to ensure negligible conduction error, following
Blackwell [58]. Two thermocouple probes were made —-—- one to measure the
temperature on the centerline of the traversing mechanism and the other to

measure the temperature 1 in. upstream.
C.2 Pressure

All the static pressure and free stream dynamic pressure measure-
ments were made with inclined manometers. The dynamic pressure for boundary
layer velocity profile was measured with pressure transducers which were
used by Healzer [59].

The static pressure taps were made in conformity with the existing
MHMT rig (see Simpson [3]). For the pitot tubes, a 0.020 in. (0.508 mm)
OD hypodermic needle was used without being flattened, following Andersen
[91. '

C.3 Electric Power

Power delivered to each plate of the blowing section was mea-
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sured by a precision AC wattmeter, which has been used in the measurement
of electric power for the smooth transpiration rig. As shown in Figure
2.8, the power can be measured for each plate with a single wattmeter.

The wattmeter calibration which had been used for the smooth transpiration
rig was adopted, since the same instrument was used. Circuit analysis

was done to account for the insertion loss (see Appendix F).

C.4 Heat Flux Meter - the Calibration of

~ The heat flux meter calibration was made with specially made
calibration heaters. Power to the heater was measured with a Weston
precision voltmeter and ammeter, both with accuracy of 1/2%. This gives
a calibration accuracy of about 1X. 1In the process of heat flux meter
calibration, the conductances between adjacent plates including the two
end plates in the blowing section were measured (see Appendix G).

The initial calibration of several heat flux meters from the upstream
and downstream plates showed constants 5-10% higher than Morretti's [53]
recorded values.

A careful review of McCuen's [52] and Morretti's theses revealed
that the calibration heater they used had a different design than the
present one. They used a single nichrome heater wire, which spanned the
whole width of the test plate. However, in the present case, the tunnel
width 18 20 in., with a more-or-less adiabatic condition for one inch on
each side. To simulate this in the calibration process, the calibration
heater length was made to 20 in., and instead of using a single wire,
fifteen closely and uniformly laid parallel wires were used to give uni-
form heat flux. The difference between Morretti's and the present cali-
bration represents a heat leak from the center to the side of the channel,
if the plate is heated by electrical heaters and cooled by the cooling
water. The opposite trend in heat loss will occur when in operation, be-
cause the test surface has less area than the heating area in the copper

wave gulde.

D. Rig Qualification

All experiments include some degree of uncertainty. In this section,
to qualify the rig means to specify clearly the uncertainty bounds and
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to reduce them if they are unacceptably large. To reduce the uncertainty
bounds, one has to propose an approximation to the heat transfer behavior
of the complicated geometry of the real system or else to modify this ap-
paratus. Then one has to devise an auxilliary experiment to confirm his
approximation and to compare his model with the results of the real system.
The system model is the Data Reduction Program - at least, that part which
corrects for losses. By its nature, this operation is iterative, requiring
simultaneous development of an analytical model and the apparatus.

In this program, the behavior of the boundary layer, the free stream,
and the energy balance capability of the rig were demonstrated. In estab-
lishing the free-~stream and boundary layer behavior, the spanwise uniformity
of the free-stream velocity and temperature, the momentum thickness, and
free-stream turbulence were checked. These investigations were to prove
that the test tunnel provided a two-dimensional boundary layer with low
free-stream turbulence. The energy balance results show the uncertainty
bounds for the measurements of convective energy.

The final qualification tests were comparisons of the measured heat
transfer behavior (under conditions of zero pressure gradient and no
blowing) with the expected behavior of the flat, impermeable, smooth plate.
These results showed that the agreement is within the expected uncertainty

bounds,

D.1 Energy Balance Test

In the beginning of the experiment, four main heat transfer
modes were considered for the heat losses. The four modes are:
1) Radiation heat transfer from the top of the copper plate to the
plexiglass channel wall;

2) Conduction loss between the copper plate and the aluminum casting--
the main loss was through the casting web, but the losses through
the side rail and through the fiberglass insulation have a com
parable magnitude; these were all lumped together to be treated
as one loss because the effective potential for these losses 1s
the same: To - Tcav » Where Tcav is the effective casting

average temperature;
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3) Conduction loss between the adjacent plates -~ these have very
little contribution except the two end plates in the blowing
section; except for the two at the end, theoretically estimated

conductance was used; and

4) Energy lost by fhé secondary airs stream before being injected  |
into the main stream -~ accounting for these losses also corrected
for the true mean air temperature at the ppint‘oflinjection be-
cause the secondary gas temperature was measﬁréd four inches up-
stream of the point of injection. This mode of loss does not
introduce any error in the enthalpy thickness measurement, but

does yield an error in the Stanton number.

In the following subsections, the methods which identify each loss

mechanism will be discussed.

(a) Conduction Test

In this test, conduction is the only loss mechanism. The side
walls and top wall were taken off the test plate, and a 3 1/2-in. (8.9 cm)
thick styrofoam block was placed on top of the test plates. No secondary
air stream was present; all the test plates were heated to the essentially
same temperature, and the casting was cooled by cold supply water. 1In
this mode, the only heat transfer is by the conduction to the aluminum
casting, and the electrical power supplied to the plate can be attrib-
uted to the conduction losses. The plate temperature and the casting
temperature were measured. For the two plates at the énds, the conduction
to the adjacent plates must be known because the upstréam and the down- -
stream plates normally have quite different temperature, as only the blow-
ing section plates were heated. The conductances in the flow direction
for the two end plates were measured in the process of heat flux calibra-
tion. From the five measured casting temperatures, twelve effective
casting temperatures were calculated by linear interpolation of the five
measured temperature. Then,

= Kcounicro ) (2.1)

9coND, 1 17 Teay,1
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where &COND,i represents heat lost by conduction in ith plate, KOND

th 1

the conduction loss constant for 1 plate. In reality, the styrofoam
block has only 5 v 6 times the thermal resistance of the insulation be-
tween the plate and the casting. To account for the heat lost through

the styrofoam block, KCOND, was reduced by 15%.

i
This test was done twice, and the average of the two test results

was used for the actual data reduction program.

(b) T2,EFF Test

With this test, the average temperature of the secondary air
was measured at the injection point. This test also evaluated the total
conductance between the secondary gas stream and the test plate. Nine
pieces of styrofoam block, each of which had a matching hole with the
plate's discrete hole, were placed on the plate with the holes aligned
with the holes in the plate. The blocks served as a insulation to the
secondary stream and also as mixers for achieving the mixed mean temper-
ature at the exit. The following measurements were made: plate tempera-
ture, temperature of the gas leaving the styrofoam block (effective
secondary temperature), gas temperature four inches upstream, and the
secondary flowrate. Then, considering the system as a heat exchanger,

we can get the following effectiveness equation:

T T

e A 2.eff g _ 1 - e-Ntu (2.2)
= T -T
o g
where T2 eff is the effective secondary mean stream temperature, Tg
H

the gas temperature measured four inches upstream, and

KCONV
SCFM

UA
Ntu A — (2.3)
Here U 1s the total conductance of the system, A the contact area, m
the mass flowrate, cp the specific heat, SCFM the volume flowrate at
standard conditions, and KCONV a constant proportional to the conductance
UA which i1s a function of the flowrate.

From the measured temperature, the values of € was evaluated and
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then from the effectiveness -~ Ntu expression, we can get KCONV as a
*
function of SCFM . The following correlation from data was obtained:

KCONV = 0.24 *scpu®* 3> (2.4)

This expression is valid for the nine hole rows. If the row has n holes,
SCFM was corrected by 9/n to get the proper flowrate in the individual
holes; then KCONV was calculated. However, this is for the surface area
of the pipe of the nine holes, so that n/9 was multiplied to get the |
effect from n holes. P/D = 5 geometry has n =8 and 9 , and P/D =
10 has n = 4 and 5 .

After KCONV was obtained, T was calculated by measuring TO,T

2,eff g
and SCFM and by using Equation (2.2). Also the total convected energy
in each row of holes, ECONV was calculated as

E = me_ (T Tg) = UA(To - T2,eff) (2.5)

CONV p ' 2,eff

where the last approximation is from the fact that Tg Ry TZ,eff s and
that To - T2,eff 18 less liable to the measurement uncertainty.

One must know what portion of KCONV is directly from the copper plate
to get the energy closure. There was no simple way of getting this informa-
tion at the time of the energy balance test. Thus analytical estimations
of the total conductance, and the conductance directly from the copper
plate were made and the ratio was obtained as a function of SCFM. For
the direct conductance from the copper plate, all the PVC pipe length
which has direct contact with the copper plate, and the copper lip which
has direct contact with the secondary air was considered, along with
about 0.3 in. (0.762 cm) of Fiberglas insulation beneath the copper
plate to account for the heat flux lines bending toward the PVC pipe.

The ratio of direct conductance to the total conductance, KFL, was

obtained and expressed as

*

Previously the average value of the KCONV = 0.32 was used. After a dis-
cussion with Mr. M. E. Crawford for this thesis work, KCONV was recast
as a function of SCFM. .
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KFL = 0.21 + 0.0344 loglo SCFM ,

If SCRM < 5.0 (2.6a)

KFL = 0.0762 + 0.226 Log, SCRM ,

If SCFM > 5.0 (2.6b)

This result is for the nine hole rows. The rows which have n holes will
have KFL calculated by SCFM multiplied by 9/n to get the proper flowrate
in individual holes. After KCONV and KFL were obtained, the energy loss

from the plate to the secondary gas stream was calculated as

dprow = KL * Egoy 2.7
In the above expressions, the casting was not assumed to be heated
or cooled by external means. 1In reality, the casting temperature was
controlled independent of To and Tg to minimize the heat loss. The
correction to the external heating or cooling of the casting was simply
made in the definition of € of Equation (2.2). The denominator (To -

Tg) was expressed as

(To - Tg) = KFL(TO - Tg) + (1 - KFL)(To - Tg)

If there is no external heating or cooling to the casting, then (Tcav -
T ) would be equal to (1 - KFL) * (T_ ~ T ), because T would have
g o -3 cav

the temperature determined by the conductance ratio, KFL , between To

was expressed as

and Tg . Thus T2,eff
Ty epr = Tg*tE - [m(To ST (T, - Tg)] (2.8)
The value of T2,eff » then, was used for the calculation of Econv and

10w’
(e) Flow Direction Conductance
The flow direction conduction loss, &FDCOND’ was theoretically
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calculated and uniformly the conductance, Si » Was set as Si = 0.8 in

the expression

dppconD ™ Si(To,i-To,i+1) + Si—l(To,i-To,i-l) 2.9)

(d) Radiation Loss
The effect of the channel geometry has negligible effect, and

the radiating material in the air (vapor and COZ) absorbs less than 3% of
the radiated energy from the plate. Thus it is effectively calculated

) (2.10)

4
Qraa = A4849(T; 4

The emissivity of the surface, ei » was estimated from the suggested
values which appear in the radiation property of copper surface and ©
is the Stefan—-Boltzman constant. Nominally, €, = 0.12 was used, and the

i

hole area was considered black, which increases €y by 0.03 .

(e) Energy Balance Run

After all these loss mechanisms were studied and tested separately,
they were put together in the Stanton number data reduction program. The

total heat loss, qloss , was calculated as

9088 ™ Ycond + f 10w + 9ppconD + 9ad (2.11)
then the convected heat transfer on the surface of the copper plate was

calculated as

d - - 2.12
qony total power supplied 9088 ( )

and the plate Stanton number was calculated

q
- conv (2.13)
mewcp(To - T)A

St

where A 1s the total heat transfer area including the area of holes.

The variable property correction was made to get the constant property
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Stanton numbers. In the energy balance runs, the following conditions
were maintained. The primary blower was run without cooling the primary
heat exchanger. Then the main stream reached an equilibrium temperature,
about 15°F (8.3°C) above the ambient temperature. The aluminum casting
was cooled by cold water and the copper plate was heated to the same tem—
perature as the main stream temperature. In this case, To - T, was
maintained within +0.5°F (#0.3°C). This mode of operation eliminated the
convective energy transfer and radiative loss from the plate. The main
loss mechanisms were conduction loss and the flow loss due to the secondary
air stream. The flow loss is not large unless the secondary gas stream
temperature is distinctively different from the plate temperature. In

the present runs, the secondary air temperature was about 1°F (0.55°C)
different from the plate temperature. The runs were made at M = (0.0,
M=0.45, and M= 0.7 , with U_= 55 ft/sec (16.7 m/sec). These energy
balance runs showed how much energy imbalance exists which indicated the
accuracy of the energy measurement system. The: results are shown in
Figure 2.10. The accuracy of the power measurement is about +0.3 watt.
This can be converted into the error in the Stanton number following
Moffat [2], using the expression

SE

— (2.14)
pwpmcpATA

§st

Here AT = 23°F (12.8°C), and U_ of 55 ft/sec (16.7 m/sec) were used.
This Stanton number error, §St , represents the Stanton number uncertainty
caused by the uncertainty in the measurement of power. The uncertainty in
St of &St = 0.00005 was found. The main reason for this high accuracy
is believed to be the fiberglass insulation used underneath the copper
plate.

The above result applies mainly to the 6 = 1.0 case, where the
secondary gas temperature is the same as the plate temperature. For the
6 = 0 case, where the secondary gas temperature is much different from
the plate temperature, the flow loss term, qflow s will be large. 1In
this case, the convection coefficient in the PVC pipe was measured as

KCONV, but KFL was not measured. The confidence level in the estimation

32



of KFL in the worst case is about +20Z. This much of the KFL change adds
#0.6 watt to the power measurement uncertainty. This leads to the power
measurement uncertainty in the O = 0.0 case of +1.0 watt. The Stanton
numbers at 6 = 0 are generally high, so the percentagewise error for

0= 0.0 1is not much greater than that for © = 1.0 . For the better ac-
curécy for 6 = 0.0 , an additional test would be necessary to measure
KFL.

D.2 Hydrqunamid Qualification of ﬁhe Tﬁnnél

This part of the qualification was to prove that the flow in
the channel was acceptably two-dimensional and that the velocity profiles
were the accepted turbulent ones. Free-stream turbulence intensity was
measured to show that the level in the free-stream was low enough. The
stability of the hydrodynamic boundary layer was also proved by the exper-
ience of running the test rig under the various conditions.

Free-stream velocity was measured at five points over the plate up-
stream of the first row of holes with a Kiel probe. The velocity variation
was within the measurement uncertainty.

The two-dimensionality of the boundary layer was demonstrated by
taking the momentum thickness and the enthalpy thickness variation across
the channel. Momentum thicknesses at the first plate on the blowing sec-
tion were measured at the free-stream velocity of 55 ft/sec (16.7 m/sec).
This showed very uniform boundary layer growths over the center span of
the channel. At both ends of the channel width, momentum thickness was
higher, which was also observed in Anderson [9] and which is believed to
be due to the corner flow (Figure 2.11). For runs with a low momentum
thickness, the main stream was accelerated in the region of the foreplate
to produce a small boundary layer. Then the free-stream velocity was
maintained at 40 ft/sec (12.2 m/sec) and the momentum thickness and the
enthalpy thickness were measured across the channel, and it confirmed the
above result again.

The data showed that the momentum thickness upstream of the first
row of holes increases as M increases. This trend was consistent with

every measurement of momentum thickness. Since the measurement station
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was only two in. upstream of the first row of blowing holes, this was
obviously due to the flow blockage effect from the injected secondary
air stream. Thus in the evaluation of virtual origin, the velocity pro-
files taken at M = 0 were used, and the increase of momentum thickness
was considered as part of the discrete hole blowing effect on the hydro~
dynamics of the tunnel.

Figure 2.11 also shows the free-stream turbulence variation at M =
0.6 , and one value at M =0 . With M = 0 , free-stream turbulence
level is about 0.4% and with M = 0.6 about 0.57%. The free-stream
turbulence was remarkably uniform across the channel.

Figure 2.12 shows the velocity profiles for the flat plate conditioms.
One of the profiles was taken on the plate without holes, and the other
on the plate where the holes are plugged up to produce P/D = 10 . The
comparison of these two profiles showed that the cork plug is so smooth
that its effect is not felt in the velocity profile measurements. These
two profiles showed good logarithmic regions and the proper wake strength.
The region near the sublayer is slightly higher than expected perhaps
because of pitot probe error near the wall. The skin friction coefficient
in this case was found by fitting the u -y to the logarithmic law of
the wall in the range of y+ =75 to y+ = 125 (Clauser plot). This
represents the average shear stress obtained from three to five points.
The two-dimensionality of the potential core and the boundary layer was
confirmed; the stability of the tunnel was confirmed by several repeated
measurements of the velocity profiles. Then it was decided to go ahead
and take the flat plate, impermeable heat transfer data to give a final
qualification of the rig.

D.3 Heat Transfer Qualification

The final qualification runs consisted of several cases of un-
~blown heat transfer tests. The free-stream velocity was maintained at
approximately 54 ft/sec (16.5 m/sec) and with the plate temperature about
25°F (13.9°C) above the free-stream temperature. The effect of changing
the wall temperature level was not investigated because it was well in-

vestigated previously by Reynolds et al. [60] and Moffat [2]. After the fore-
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plate was accelerated to produce the small momentum thickness, similar
tests were made with P/D = 10 and P/D = 5, and with free-stream vel-
ocity at approximately 40 ft/sec (12.2 m/s). |

Figure 2.13 shows the results with free-stream velocity of 54 ft (16.5
m/8) and P/D = 5 . The prediction for this case was made by STANS [61].
The agreement is generally good. The prediction lies about 3-5% lower

‘than the experiment. This is believed to be due to the roughness effect

from open holes. 1In the recovery region, the héat transfer data have more
scatter than in the blowing region. Since the heat flux meters are cal-
ibrated within 1% accuracy, this scatter is attributed to the incapability
of the hot water system to produce a uniform test plate temperature.
In alater experiment, it was found out that the 1/8 in. copper tubing,
which accepts polyflo lines, can be easily clogged and that each polyflo
tube had slightly different heat losses, which changed the effective
water temperature to the plate. As our primary interest did not l1lie in
the recovery region, control of the flowrate or heat loss behavior was
not attempted. In this case, however, the unheated starting length ef-
fect 1s also present, which prevents the comparison to the simple cor-
relation. .

In the next case (Figure 2.13), with u = 40 ft/sec (12.2 m/s),
the unheated length is eliminated and a comparison with the established
flat plate heat transfer correlation is made possiblei The first data
point shows the effect of acceleration on the foreplate and gives a
slightly lower value than expected. With P/D = 5 , the Stanton numbers
are about 5% higher than the accepted correlation, shown as a straight
line in Figure 2.13a. Interestingly enough, with P/D = 10, the Stanton
numbers oscillate, and whenever the hole is plugged the Stanton number
is right on the 1ine: for the unplugged holes the Stanton numbers are
slightly higher than the line. 1In the recovery region, the data fol-
lowed the accepted correlation, with more scatter in data. This is also
due to the lack of uniform plate temperature, as explained before. These
two cases gave confidence that our energy measurement is quite accurate
and the rig itself could perform as required for the proposed experiment.
These flat plate data confirm the flat plate correlation,
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0-4 -002

x (2.15)

St = 0.0295 Pr

within its experimental uncertainty. The value of Pr of 0.715 was used.

E. Uncertainty Interval
It is difficult to assess the overall uncertainty, including the pos-
sible physical changes in particular geometry. In this program, various
levels of uncertainty were counted, and appear in the following table.
The propagation of uncertainties was accounted for by the procedure

of Kline and McClintock [62].

Variables Uncertainty
Static pressure 0.005 in. (0.127 mm) of water
Stagnation pressure 0.002 in. (0.0508 mm) of water
Temperature, except probe 0.25°F (0.14°C)
Temperature probe 0.15°F (0.08°C)
Secondary air flow rate 3z
Heat flux meter 1z
Distance normal to wall 0.001 in. (0.025 mm)
Flow direction conductance 52
measured
Power 0.3 watt @ © = 1,0 and
. 1.0 watt @ 8 = 0.0
Virtual origin 1l in. (2.54 cm)

For the free-stream velocity of 55 ft/sec (16.7 m/s), the Stanton
number uncertainty for all the runs with © = 1,0 or with no blowing is
40.5 x 107
For 6 = 0.0 cases, KFL was not confirmed experimentally and the power

with the given power measurement uncertainty of +0.3 watt.

measurement uncertalnty increases to about 1 watt so that the Stanton
number uncertainty becomes +1.5 x 10-4. For higher velocities than
55 ft/sec (16.7 m/s), the uncertainty in the Stanton number decreases,

and for the lower velocities, it increases.
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The reason that the stagnation pressure could be measured more ac-
curately than the static pressure was that the stagnation pressure was
measured by the pressure transducer, which is calibrated to a precision
micromanometer, and the static pressure was measured by the inclined
manometer which was not calibrated. The thermocouple was calibrated with
the quartz thermometer. Secondary flowrate measurement errors included
the uncertainties due to ASME orifice meter accuracy, zero drift, and

interpolation errors.

F. Data Reduction Program

In the processes of data reduction and instrument calibrations, various
programs were written. Small programs made for the instrument calibration
will not be discussed here.

Two major data reduction programs were used: one for velocity and
temperature profiles and the other for heat transfer.

Program PROF converts the boundary layer velocity and temperature
readings to the proper engineering unit. The trapezoidal rule for numer-
ical integration is used to obtain the integral parameters. In the case
of the flat plate, it computes the skin friction and calculates u+ and
y+ . To get skin friction, it uses the Clauser plot for y+ of 75 to
125. And in the other option, it averages the velocity and temperature
profiles to obtain the laterally averaged profiles.

The program STNO is used to reduce the heat transfer data. It con-
tains all the calibration constants for heat flux meters and flow meters,
and also contains the heat loss calibration test results and analytical
models. It first accepts the raw data and then converts them into stan~
dard engineering units. The raw data and converted data are printed out
separately. Then it calculates the proper non-dimensional numbers like
Rex s St and others. If the case is not a blown one, the program goes to
the next case. If it has blowing, it compares the two cases, one nearly
6 = 0 and the other nearly 6 = 1.0 , and then calculates the heat trans-
fer parameters at O = 0.0 and O = 1.0 precisely. It distinguishes !
P/D=5 from P/D = 10 . It also performs the uncertainty analysis.
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Figure 2.6 Photograph of a machined aluminum

casting.
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CHAPTER 11X

SUPERPOSITION APPROACH FOR FILM COOLING

In this chapter, an investigation for a possible new scheme for
organizing heat transfer data in full coverage film cooling is made. In
particular, this proposed scheme gives a common basis for tramnspiration
cooling and’film cooling.. Several advantages of the proposed scheme over

the conventional one are discussed.

A. Introduction

The relationship conventionally used in film cooling theory 1is an

adiabatic wall tewmperature rate equation of the form

XTI * -
94§ = h (To Ta.w.) (3.1)

where Ta w is obtained from the adiabatic wall effectiveness, n ,

T
n = —m— (3.2)

In £film cooling [11-27], n has been extensively investigated for
the various geometries of injection. The symbol n and the name adia-
batic wall effectiveness probably originated in the pioneering work in
this field by Wieghardt [11]. In the case of tangential or near~tangential
slot-£film cooling, the value of ho is frequently used in place of h*
in Equation (3.1). This 18 justified in the far downstream region, but
not near the slot [12,14)]. The same situation holds for the case where
a porous strip is used for fluid injection [23]. Early studies examined
only the variation of adiabatic wall effectiveness, relying on the use of
ho . This approach was successful in applications like slot~film cooling
of gas turbine combustion chambers, but failed when called upon to pre-
dict heat transfer rates near the injection source. In such cases, h*
cannot be approximated by ho . Two sets of data are then required: n

* . .
and h , each as a function of position and blowing strength.
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On the other hand, in the study of heat transfer in boundary layers
with blowing and suction at the wall, it is conventional to use a rate

equation of the form
"o - o
Qo _ h(To T,.) | (3.3)

(Moffat [2]), in which case, unlike Equation (3.1), the heat transfer is
based on the wall temperature and free-stream temperature, which are
known a priori. Metzger [19] proposed this scheme in film cboling and
presented h/ho as a function of the secondary injection temperature
normalized by the temperature difference between free-stream and wall,
0 , but later presented his data in terms of n and h* obtained from
his heat transfer data [38], following Eckert's suggestion (discussion
to [19]).

In this chapter, a variation based on Equation (3.3) is proposed,
developed, and compared to the conventional adiabatic wall-effectiveness

scheme.

B. Film Cooling and Tramspiration Cooling

In transpiration cooling with a thick porous plate, the temperature
of the porous surface is always the same as that of the blown gas. The
path length of the transpiration gas is so long compared to the pore size
that the porous plate acts as a heat exchanger with an effectiveness of
practically unity. In the case of film cooling, however, the injection
geometries are such that the secondary gas temperature can be considerably
different from that of the wall. 1In the cases using a porous strip to
inject fluid the blowing is hard enough so that the boundary layer is
blown off, and again the secondary injection temperature is essentially
independent of the surrounding wall temperature, as in slot-film cooling.

In short, in engineering terminology, transpiration cooling implies
0 = 1.0 necessarily, while with film cooling, © 1is a variable param—
eter. The independence of O may well be a better identifier of
"transpiration" vis-a-vis "film cooling" than is the physical geometry.
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C. Linearity of the Governing Fnergy Equation

The governing energy equation for low-speed, constant-property flow
is linear in temperature, and the boundary conditions prescribed in the
study of film cooling or transpiration cooling are also linear. It is
frequently useful to take advantage of linearity to comstruct solutions
to complex problems by superposing solutions to simple problems.

Let us discuss a situation in which the solid plate is uniformly at
to and fluid at a temperature t2 is injected through holes in the
plate. Let the solution to the energy equation be denoted as T(0) when
6=0 and T(l) when 6 = 1 ., As a consequence of the linearity of

the energy equation we can write:
T(8)* = T(0) + 6 x AT , (3.4)

with

AT = T(1) - T(O) . ' (3.5)

The heat transfer coefficient h i1is defined as

Tl . -
-k 5 . h(To Tw) .

Multiplying Equation (3.4) with the operator

- k20
dy

o

and then using the definition of h , we have
h(8) = h(0) + 06 x (h(1l) - h(0)) . (3.6)

By forming the non-dimensional Stanton number,

St(6) = st(0) + 06 x (St(1l) - St(0))

T(0) means T(6,x,y,z)
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Experimental results show that St(0) > St(l) , so it 1s more straight-

forward to write

St(8) = st(0) - 6{st(0) - st(1)} . (3.7

This result is plotted in Figure 3.1 along with experimental data in sup-
port. Metzger et al. [19] also verified the linear property of heat

transfer coefficient h , with respect to 6 .

D. Experimental Confirmation

To show that the above result is true, experiments were run with
three different values of 0 at a fixed value of M (Figure 3.2). The
exact values of 6 and M varied within about 6% from plate to plate,
but the agreement between experiment and prediction is excellent.

The above experiments confirm the theoretical result, as shown in
Figure 3.1 in the coordinates of St and 6 with all other parameters
fixed. Values of St at any two values of 0 serve to define the
straight line in Figure 3.1. This is the essential property of the pro-
posed scheme.

For all the values of 6 other than 1.0 and 0.0, a simple linear
interpolation or extrapolation will give the necessary St or heat
transfer coefficient. If the St obtained for a particular value of M
and 06 falls below the M = 0.0 case, there is a cooling effect; other-

wise an adverse effect.

E. Relationship between the Effectiveness/Adiabatic Wall Scheme and the

Constant Wall Temperature Superposition Scheme

The purpose of the following text is to demonstrate the one-to-one
correspondence between the two schemes and to derive several useful
formulae.

Suppose one increases the value of 6 until q; = (0 1in the constant

wall temperature scheme. We obtain

211 - 2 o _ 1 .
6w = 08N =0 n o (3.8)
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The last identity is from the definition of n . Metzger et al. [38]
evaluates n based on Equation (3.8). Equation (3.8) can be realized in
the full coverage film-cooled region in an averaged sense around each row
of injection holes. Algo in the slot film—cooling case, this relationship
must be realized in an averaged sense over the entire plate as in Metzger
et al. [31]. In addition, 6 and n can be functions of x . Thus
Equation (3.8) is an approximation which is valid when Couette flow
assumption is true as will be discussed in the next section.

Also, for the general wall heat flux equation,

& = heM(T, -T) .

h(6,F) 41s, from Figure 3.1 and from the fact that h and St are pro-

portional,

h(®6,M) = h(O,M) - 6 x Ah .

[X]] ASt
, = h(O.M){l- me} (To-'rw) .

Also, from Figure 3.1, we have

ASt - 1 (3.9)

= 7 .
St(0,F) 6a.w.

4 = h(0,MH{1-86xn}(r, -1T) .

[

*
Eckert derived a similar expression for h /h(0,F) in discussion to [19]}.
From the definitions of 6 and n , we have

T, - T T - T, T -T

2 © “a.,w, a.W. (o
l-exn-l_ -1_—_
T, - T, T,-1, T, - T,
To - Ta W
1-0xnp = 2—SA:H (3.10)
To - T,
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Thus we have

élg = h(O,M(T_ -T ) (3.11)

8-W. oo
However, Equation (3.11) is precisely the form of the adiabatic wall
*
scheme. We have thus shown that h can be equated to h(0,M):

*
h = h(O,M)m ) _ - o (3.12)
Note that Equation (3.8) was essential in this derivation and the
formulae derived are valid with the Couette flow approximation which is
sometimes a very good approximation in the turbulent boundary layer.

From this analysis we obtained several interesting relationships.

Y = h(O,MW (3.12)
. 1 _ st(Oo,M) - st(l,M)
n 0 st(0,M) (3.9)
a.w.
TO - Ta w
1 - nNn X e = ___To — Too . (3.10)

From plane geometry and Figure 3.1,

St (1,M) - n -1 - T2 ~ Ta.w.
st(0,M) 1 - T,
n
1_, }
st(6,M) = n - o a.w.
St (0,M) 1 T - T,
n
Note that the last identity says
— - = >
h(B,M(T - T,) = h(O,M(T, - T, ) 9

which is obvious from Equations (3.1) and (3.3). Also note that in de-
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riving this relationship it was not necessary to use the fact that the
wall heat flux caiéulated either by Equation (3.1) or by Equation (3.3)
is the same. This means our derivations are self-consistent with all
other definitions and concepts.

In the case of the constant wall temperature superposition scheme,
one may encounter singular points as in the pipe flow heat transfer prob-

lems. The following examples may be of interest,

(1) Case1: T =7T,, T,>7T,

Constant wall temperature superposition scheme

Assume To = ¢ + T°° « Then

6 - 2 = 12" T
T - T, €

St(6,F) = St(0,M) - 6 x ASt

= st - 88 (r, - 1)

& = neMT, - T,)
R {h(O,M) -8 @, -} e

1lim ﬁ; = -~ Ah x (T2 - T))
€0

s - - -
qo Ah x (T2 To)

Adiabatic wall scheme

q: - h*(TO - Ta.w.)

= n(OM(T, - T, )
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o Ta.w. T ,
q, = - h(0,M) ——'i'z'_'ln (T2 - ’IL.;)

= - h(0,M) X n X (T2 - To)
No'ﬁ, from Equation (3.9),

h(0,M) X n Ah = h(0,M) - h(l,M)

g = -AW(T, - T,)

Lo

" - - -
Ah(T2 To)

This is the same result as before.

This problem’ is a special case which can be solved by the application
of the superposition principle. Also, note that the heat flux at the
wall has a negative sign and that temperature potential ('1‘2 - To)
appears.

(2) Case 2: To = Ta.w.

Adiabatic wall scheme

q; = h(O’M)(To - Ta.w.)

Constant wall temperature superposition scheme

" = -

qo h(ea.w. » M) (To To)
h(ea w M) = 0 by definition

*n -

4, 0

This 18 the same result as before.
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F. Presentation of Full-Coverage Film Cooling Data

Three methods are available for the presentation Qf locally averaged
film-cooling heat transfer data in the full coverage film-cooling geom-

tries. The three methods are:

Method 1: Use an adiabatic wall test module (or use the mass trans-
fer analogy [42,49]) to obtain local and/or average 1 ,.
then use a constant wall temperature (or heat flux) test
module to obtain St* based on Equation (3.1)

Method 2: Use a constant wall temperature test module and obtain
St(0,F) as a function of 6 [19] or from these data
*
obtain St and n [38].

Method 3: Use a constant wall temperature test module to obtain
st(0,F) and St(1,F) and use linear superposition to
compute values of St for 6 other than zero and unity.
This is the method used in this thesis.

The value of n obtained by Method 1 may not be the same as that
obtained by Methods 2 and 3, because in Method 1 TZ is8 fixed and To
is a variable, while in Methods 2 and 3 To is kept constant and T2
i8 changed. The following example shows that the two procedures would
not give the same results for 1 even though the values of 6 in both
cases are exactly the same.

Consider two hypothetical cases with the same flow field in the two-
dimensional boundary layer situation: Case I has T2 fixed at 1.0, and
the wall is adiabatic yielding T° = n(x) as the so}ution. Case II has
To constant at 1.0 and T2 varies as Ba.w.(x) to give the adiabatic

wall, This is depicted in Figure 3.3. The governing equation for both

cases is
8T , 3T _ 3_( 3T
Ut Voy T % (“Tay) (3-13)

where Qp 18 the total diffusivity for heat.
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If the Couette flow assumption is made, then U%% will vanish and -
eliminate the x dependence, and Case II can be converted to Case I by -
dividing all the boundary conditions by 6_ _ (x) and by using Equation
(3.8). Without the Couettte flow assumption, the conversion is not pos-’
sible. This example indicates that n in Method 2 should not be inter-
preted the same as in Method 1.

Also, as was discussed by Mayle et al. [47], in Method 1 the average
value of {h(0,F) x n} must be approximated as the {average of h(0,F)}
x {average of n}, to obtain the average heat flux. This approximation
is not true if h(0,F) or n 1is not constant in the z-direction. Again,
in Method 3 there 1s no such ambiguity, since averaging h has the same

effects as averaging ﬁg with the locally constant (To -T).

G. Discussion

Even though the words "adiabatic wall effectiveness' seem to denote
the overall performance of cooling, it is only a partial effect of film
cooling on the rate Equation (3.1). To be valid all over the protected
region, both n and St(0,F) must be measured.

The same information can be obtained by a superposition method, with
all the effects of film cooling lumped into the function St(6,F). This
is a sufficient overall performance parameter.

For the case of constant wall temperature, the superposition scheme
will require less algebralic manipulation, because it directly calculates
St(6,F) or h(6,F) appropriate for use with the known temperature dif-
ference (To - Tm).

Even more cogent arguments are related to the use of existing numer-
ical prediction techniques for locally averaged heat transfer rates when
the injectant temperature differs from the wall temperature. In the case
of a constant wall temperature, the program can be executed with the

actual boundary conditions (To, T, and ﬁ; ), as in any other two-dimen-

2
sional boundary layer problem.

If this problem were attempted using the effectiveness/adiabatic
wall temperature scheme, either an internal correlation for n would be

required or the program would have to be run twice: once for the
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adiabatic wall temperature and the other for h(0,F) , for the locally
averaged quasi-two-dimensional field.

From the research standpoint, to investigate the effect of one param
eter on film cooling, if one follows the adiabatic wall scheme, one must
have two test plate modules: one for the adiabatic wall tests and the
other for the constant wall temperature tests.

If one uses the constant wall temperature superposition scheme,
St(0,F) and St(1,F) can be obtained with equal accuracy with one con-
stant wall temperature test plate module.

A last, but also important, point is that one can make an analogy
between x-momentum and heat by making use of the similarity in the equa-
tions and the boundary conditions for heat and momentum transfer, yielding
good estimates of the skin friction coefficients. 1In the case of a
three-dimensional, full coverage discrete hole, filmcooling problem, the
acquisition of skin friction data is, at best, an extremely time-consuming

process.
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St(O,F)
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o
o

Figure 3.1 Diagram explaining transpiration cooling and film
co_ol:l.ng in terms of heat transfer coefficients.
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Figure 3.2 Experimental confirmation of linearity.
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CHAPTER IV

DERIVATION OF BASIC EQUATIONS FOR LOCALLY AVERAGED PROPERTIES

A. How to Average

A complete analytical description of full coverage filmcooling
through discrete hole arrays requires a full three-~dimensional, Navier-
Stokes equation and a full three—dimensional‘enérgy equation. The liter-
ature describing the cross flow jet field for M > 2.0 [63,67] contains
evidence that there exists a horseshoe vortex around each jet with a com~
plicated turbulence field. The pressure also varies around each jet.

All these facts suggest that no simple approximation will capture all the
physics in this case. Ramsey et al. [37] confirmed the complexity of the flow
field around the jet for M v 1.0 reporting a slightly different flow

field than Abramovich [67]. It was not clear whether there was a horse-

shoe vortex at M = 1.0 but flow separation was indicated. Since our
interest 1s in the range of M= 0.1 to M= 1,0 , we would expect flow
separation after each jet near M = 1.0 , accompanied by a complicated
turbulence field.

This leaves us in a difficult situation. Two problems are confronted,
each of which 1s presently beyond the state of the art. One is three-
dimensional flow separation, and the other the turbulence modeling in
such flow. A full, three-dimensional, Navier-Stokes equation cannot be
solved successfully within a reasonable computation time for high Reynolds
numbers with the present day computer capability. Also, a proper model-
ing for turbulence field requires an experimental input which can be only
obtained through the tedious three-dimensional probing. This will be a
very time-consuming task.

At this moment it is fruitful to look back at the approaches used
to handle "two-dimensional' turbulent flows. Various ideas have been
brought up, but basically all models and ideas use one common operation:
the governing equation was averaged (ensemble-average in this case).

Our primary interest is in the mean motions and mean shear streases.
Averaging brings in the well known Reynolds stress terms, due to the non-

linearity in the convective terms.
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With an analogy to two=dimensional turbulent flow studies, a simpler
equation can be obtained through averaging in the present case. This is
related to. what we really want to know in full-coverage film cooling
through discrete hole arrays. Esgar et al. [l ] described two problems
in the gas turbine cooling situation as was mentioned in the beginning
of Chapter I. Our major interest is in obtaining the overall temperature
level, not the detailed temperature variation between holes. This vaguely
suggests that proper averaging must be done around each hole. This is
one requirement for a problem of how to average the governing equation to
reduce the three-dimensional problem to a two-~dimensional one. This type
of analysis 1is only valid for a periodic array of holes, which is the most
important type used for the gas turbine blade cooling application.

Another requirement for simplification is to reduce the governing
equation to the boundary layer type equation. The full two-dimensional
problem can be solved, but it takes considerably longer computation time
than the boundary layer problem. To see whether the boundary layer ap-
proximation is valid, the boundary layer thickness was measured approxi-
mately for various values of M by using a pitot probe at the end of a
stethoscope and listening to the turbulence noise intensity by ear. This
rough measurement indicated that the boundary layer thickness was between
one inch (2.54 cm) and four inches (10.16 cm) over the 24-inch (61 cm)
distance with M = 1.0 . Thus a "boundary layer" analysis is reasonably
valid.

However, the use of the boundary layer equation requires that the
wall mass transfer should not be very large, because the boundary layer
equation solves the x-momentum equation, not y-momentum equation. Later-
al averaging as proposed by Herring [46] 1s a good way to reduce the
three-dimensional problem to the two-dimensional problem, but does not
solve the mass transfer problem. The wall mass transfer is not small.

For example, for M= 1.0 and P/D = 5 , wall mass transfer after lateral
averaging is about F = 0.2 , which is still very large and is not neg-
ligible. This leaves only one possibility, local average.

In our geometry, it 1s clear what size and shape of area we should

take for local averaging: the area associated with one hole, as described
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in Figure 4.1. With this procedure, the wall mass transfer becomes about
F=0.03 with M= 1.0 and P/D= 5. For this amount of wall mass
transfer, the y-momentum equation can be neglected and tﬁe boundary-layer
equation can be used. The area for local average can move continuously
in the x- and y-directions, so that the resulting averaged properties are
still continuous functions of x and y .

With all the above approxiﬁationa, the full-coverage film cooling
problem becomes similar to one with the uniform, porous plate transpira-
tion.

The decomposition of p can be made as follows:

p(x,y,z,t) = P(x,y) + 5(8.)'.2) + p'(x,y,z/t) (4.1)

where P 1is the locally averaged property and p 1s the local variation
of property p which represents the difference between the ensemble

average and local average, and p' represents the turbulent fluctuation
term. The ensemble average of p will give P + p , but the local aver-

age of p will give P . Also, p=0.

B. Derivation of PDE

For the low speed, constant property flow with no body force and no
energy dissipation or no energy source, the following governing equation

is realized. For the sake of simplicity of notation, tensorial notation

is used.
8ui
Continuity: 3;;611 =0 (4.2a)
du 2u 82u
Momentum: —i 4+ u —t - -1 21-6 + \)—-l (4.2b)
ot J 9x p 9x, 1j 2
3 b | 333
ot ot azc ®
Energy: 3T + uj I, o= (4.2¢)
3 ij

where 4 and j run froml to 3 . We now introduce the local averag-
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ing, and simple algebraic manipulation gives

BUi
Continuity: 3;; Gij =0 | (4.3a)
2
U U
. 91 __13p 1,8 (T30 42 (=
Momentum: Uj o™ > ox 6:lj + v—z—- + 5% ( uiuj) + T ¢ uiuj)
b 3 ij J h|

(4.3b)

merw: U, 2o X1 R o 4L (R 4. 30)

ergy: 53 7+ 5 ug i u, .3c

* 3x, 5 1

where i and j run through 2 , and steady state is assumed.
Now the following additional assumptions are introduced:
1. Boundary layer assumption, and
2. No abrupt change in wall mass transfer for locally averaged

field.

With the introduction of the boundary layer assumption, Equations (4.3)

become, using the x~ and y-coordinate,

U , 3V

5= * 5y 0 (4.4a)

AL LU -lﬂ+ﬁ+3—(-u' Ty + o (- (4.4b)
ax dy p3x " 52 dy v oy .

. _ld® 3 2.3 2

0 -5y + 3y (~v'%) + 3y (-v®) and (4.4¢)

S A S - S T v U PR (4.4d)
9x oy ay2 ay 9y )

Now the y-momentum equation can be integrated as

_ — P
P 2 2 o
=+ + " m -
pT VvV TV )



With the second approximation, that there is no abrupt change in wall

mass transfer, we have

-aa; (1“:2) & 0(6)

NI

Also, v'® 1s small compared to the pressure.

2 9

x | a&x -3

Thén, using the Bernoulli equation in the free stream, we obtain the fol-

lowing governing equations:

BU , 3V _
§;+By 0 (4.6a)
AL S d&+v-§-2-‘?-+a—(-ﬁ'v_'-ﬁ—i‘;) (4.6b)
ox oy o dx ay2 oy '
PP S o S T (4.60)
9x 3y 8y2 oy

This is the required PDE. Note that (-uv) and (-tV) terms appear in

addition to the turbulent correlation terms.

C. Derivation of Intggral Equations

Two different approaches were taken to derive the integral equations:
one from the PDE (4-6), and the other from the global conservation on the
boundary layer. The comparison of these two derivations gives the wall
value of iﬁi and ;Eg s Wwhich is an important step in the construction

of the model in solving PDE .

C.1 Derivation from PDE
By integrating Equation (4.6b) from O to h , where h 1s
outside the boundary layer, we obtain
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| h h au ' ' R .
- ) ) W = o, _—=—r_= _

f (U % +V ay) dy / LU 5% dy + / a’,(\) ™ u'v uv.-)vdy :
o [o] . o : : : L.

At y=h, v%‘y—l-o,-u'v'-O',and -iv =0 . At y-O,"v'ay;'-'
gc‘rolp , -u'v' =0, and (-.\'I_w';) ¥ 0. Thus,
h
du g T ——
U au ™ - __co >
f (U ax Vs dy - U dx )dy Po + (uv)o (4'7.)
o
From Equation (4.6a),
y
- - ﬂ
v Vo / ox dy (4.8)
o

Thus, using Equation (4.8), the left hand side of Equation (4.7) becomes:
h y
au U __ au _ au U
/ (U 3x+vay U°° dx / gu + [ axd)ay eodx fdy
o (¢]

Now, integrating by parts, we obtain

h ya . y h h
uw ,\au, . au _ [ 2
[(/ 3xd)8ydy “[ 3x &7 fa:"d"
o o (] o
h
3uU 3u
= U axcly /Uaxdy
o (o]

Using this result, Equation (4.7) becomes
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: h du g T
. au _ au oo U - __co rerm
[ (zu— U -y —+vV ——ay)dy -2+ @),
o

ax © 3x e dx "o

By rearranging the terms and using the boundary condition for U= 0 at
~y = 0 , we obtain ' ‘

h h

d dUw ' o 8cTo | o e
= U(U“ - Ndy + = (Um - Mdy = —p—-— + VOU‘=° - (uv)o

o o

-Using the definitions of momentum-deficit thickness and displacement
thickness, we have

o w2sy = 2o vy @ -v = (4.9)
dx ‘92 o ow WoT Yedx %1 .
where momentum deficit thickness, 62 , 18 defined as
(-]
v, = / U, - Uydy
o .
and displacement thickness, 61 , 18 defined as
0
U 61 = / (Um - U)dy
_ o
Similarly, for the energy Equation (4.6c), we can derive the energy
integral equation.
o
d . [+) g
an U(T, = T))4,} o +V (T, - T) + (&) (4.10)

In Equations (4.9) and (4.10), there appear (;5350 and (-E;)o » Wwhich
are due to the non-equilibrium situation in the film'coolihg; the injeé-
tion angle of the jet is not necessarily normal to the wall, and the in-
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jection gas temperature does not have to be the same as the wall temper-
ature. These two terms are always zero in the uniform transpiration prob-
lem. Also, note that the derivation of Equations (4.9) and (4.10) used
the boundary conditions U=0 and T = '1‘o at y =0 . These bodndary
conditions are true at the wall but not at y = O from local averaging,
but, from the practical applications, what is important is the solid wall
temperature, not the true average of the solid and the injected gas tem—
perature. The slip boundary appears (U % 0 at y = 0) if the true
average velocity at y = 0 1is used.

The above treatment provides convenience in application.

For the evaluation of (—ﬁV)o and (-EG)O , the derivation of inte-

gral equations from global conservation is necessary.

C.2 Derivation from the Global Conservation on the Boundary Layer

The control volume for mass, momentum, and energy is shown in
Figure 4.2. The local average is made in area A with sides £ X s .
Then all the properties are integrated within this area at x and x +
Ax ; then the normal bookkeeping for conservation of property is pursued.
Conservation of mass within the control volume gives

. < d < . <
w Ax + {p U (h-8)) + = (0 U, (h=0,))Ax}A = m Ax + o U (h-6,)A

for steady state.
By integrating over the area A , we have ﬁo and @_ , not ﬁ;

and ﬁ; . Also, the following identity was used.

h

/ pudy = pU (h-§,)
o
Thus
. L d 3
B, = @ = 9= (0,0 (h-8))A (4.11)

Then collecting the forces and momentum fluxes in Figure 4.2 in the

form
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{mom}au - {mom}in = T forces

t

..

ou
2 3 d 2 . (-]
oI (8-8,-8)) + & (P U (b= -T))axdA + in,, U + 2= 9% ix

- 2
- m U Ax - p U (h-3 -3,)A

dp
chhL (ch + 8. dx Ax)hL - gc'roA

In this expression the following identity was used:

h
[ pulay = p UA(h-5,-6,)

(o]

Rearrangement of the momentum conservation equation gives

Lo u2mE,T)) +22 @ -U) = -g1 -ghd
dx oo 172 A oo x co c dx
Now gc% can be substituted by

- I Yo
Bc dx Peoco Axt
Then finally we obtalin the following momentum integral equation:
m qu

d - _° - - —_—
L 0 U5 = g+ (U - U) -0 UT

In this case, fluid is considered incompressible and p, = p = const.

g T m du
d _co _ _o - -y ==
&= W3y 5t a3 (U~ U - U, 5
Now
ﬁO
o = Y%
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d_ 2= | 8CT6 : : dUco_ -
dx (qméz) + Vo(Um - Ux) Uw dx 1 (4';2)

Comparing Equations (4.9) and (4.12), we obtain

(uv)° = Von (4.13)

For the energy integral equation, we can obtain the following result:

d - C.I"
Tl TA Y | o
2 pC

Comparing Equations (4.10) and (4.14), we obtain

+V (TZ-Tw) (4.14)

ffi)o = V_(T,~T ) (4.15)

By proper non-dimensionalization, (4.12) and (4.14) can be recast in the

form
‘ R%Eé Cf Ux
—= = — - (1 + H)X R +F’1-—; (4.16)
d Re_ 2 7, U
and
d qué
T Re = St+F -0 4.17)
x
where 3 -
U, UA U
2 " 2 0
ngé = v ’ R%Ké -0 and d Rex 3 dx

Comparing Equations (4.16) and (4.17) to the corresponding integral equa-
tions in the transpiration problem, we can conclude that transpiration
cooling 1s the special case of film cooling where

U
ﬁi =0 and ©O6 = 1.0 always
[~ ]

Cf/2 and St are not necessarily the same as those in the transpiration

cooling.
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_ In this program, we are interested in U = const., (To—qm) = const.
with normal injection (Ux = 0). Thus Equations (4.16) and (4.17) become

a§ C
2 | f
= 2 + F (4.18)
and
da, | L
= - St +F ¢ 0 | (4.19)

With normal injection, the only difference from the uniform transpiration
problem is the appearance of 06 . The effect of discrete hole injection
in film cooling is contailned in 8 , Cf/2 , and St through equations
(4.18) and (4.19). On the other hand, with PDE Equation (4.6) explicitly
shows the effect of discrete holes in terms of (;55) and (Jii) .

The following decomposition for (UV¥) and (V) will be very help-
ful in the later development of the analytical model. We may set

-uv = (-uv)hom + (-uv)non_hom (4.20a)
and

~-tv = (-tv)hom + (—tv)non_hom (4.20b)
The te{EE (—uv)hom and (—tv)hgﬂ are the solutions for (—uv)o =0,
and (—tv)o_:_O . The term, (-uv)non_hom , has Von at y =0, and

the term, (-tV) , has VO(TZ—TO) at y =0 . Since (-uv)

—_ hon-hom hom
and (-E%)hom have zero value at the wall and at free stream, they
have similar character as (~u'v') and (-t'v') . Also they have similar
governing equations, because they are both perturbations to the Navier-
Stokes and the energy equations. Physically, it is not easy to distinguish
between the turbulence correlation terms and the three-dimensional cor-
relation terms (433 and ;gg). In evaluating T, and ﬁ; , Wwe can
still use the traditional definitions, as shown below.

With this decomposition, we can define the total shear stress and

heat flux as
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—5- = Vv -~uv (HV)hom (4.212)
and
L - - ﬂ - t' ] - ::
pCp a5 v (tv)hom (4.21b)
and
2 (-@W) ) = 8§
oy non-hom ]
and
2 (&) ) = s
oy non~hom h

where Sm and S are an effective body force and an effective source.

h
The definitions in Equations (4.21) do not change the wall shear stress

and the wall heat flux,

ouU
T - u-——
o oy °
and
. oT
" -k 2=
(¢] oy o

Also, using the values at the wall, we may put

(uv)non-hom - Vong(y,x) (4.22a)
and —
) onhom = VolT,-T ) E(Y,x) (4.22b)

where g(y,x) and f£f(y,x) represent the distributions of the effective
body force and the effective source in the boundary layer. They both
have a value of 1.0 at the wall and 0 at the free-stream. The argument

y was put before x to show that g and f are mainly functions of

Yy .
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Figure 4.2 Control volume for the derivation of integral equations.
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CHAPTER V

EXPERIMENTAL RESULTS

This chapter provides two types of data taken in these experiments:
Stanton number data and the mean velocity and mean temperature profiles,
which were used to obtain the mixing length profile.

In these experiments, there were eleven rows of holes for discrete
hole blowing, with one so0lid plate used as a guard heater on the upstream
end. In all the data presented, the second to twelfth data points repre-
sent the blewing region. The first data point plus the recovery region
following the twelfth point were not blown.

All the data were taken at either 0.0 < 6 < 0.1 or 0.9 <6 < 1.1,
and the superposition principle (see Chapter III) was used to get the
values of Stanton number for © = 1.0 and 6 = 0.0 precisely. For the
recovery region, the average value of 6 in the blowing region was used
to apply the superposition principle.

The primary investigation was done at U_ = 54 ft/sec (16.5 m/sec)
to determine the effect of blowing with this geometry. 1In these tests,
the effect of the unheated starting length was certainly present. To
investigate this effect, plus other secondary variables, U was varied,
the unheated starting length was varied, and the momentum thickness at
the first plate, 62 , was varied. Also, the case of P/D = 10 was run
to investigate the effect of P/D . In addition, some untripped cases
were run to show the effect of discrete hole blowing on transitionm.

These runs are summarized in Table 5.1.

The number of data sets was kept as small as possible by changing
one parameter at a time with other variables fixed. To cover the possi-
ble combination of variables appearing in Table 5.1, more than 200 data

sets would be necessary. In this experiment 49 data sets were taken.

A. Stanton Number Data

A.1 Effect of M on Stanton Number (Figures 5.1 to 5.4)

Figure 5.1 shows the hydrodynamic condition at the first plate
which was the guard plate, and had no holes. The flow shows a typical

78



.
Table 5-1

STANTON NUMBER RUNS

FORE PLATE
*(1)
PARTLY HEATED
UNHEATED HEATED NOT
. TRIPPED | 1p1pPED
U_,ft/sec 32 54 110 54 38 38
Tm/sec) | €9.75) | (16.5) (33.6) | (16.5) | (ui.6) | (11.6)
*(2)
Rezs 1730 2810 5320 2790 540 516
*(Z)Re—
A2 70 100 170 1820 590 555
P/D 5 |10 5 (10 5 |10 5 110 5 | 10 5 | 10
M=0.0 X X x| x X X X ‘ X
M=0.1 X
(3)
M=0.2 X X X X X X X X
M=0.3 X
M=0.4 X
*(4)
M=0.5 X X X X
M=0.65 X
M=(,8 X
M=1.0 X X
M=variable X
NOTE: (1) The top wall was adjusted in the plate upstream of blowing to
produce a low Reynolds number turbulent boundary layer in the
blowing sectiom.

(2) The values of Reyo and ReEQ listed here are taken at the
starting point of blowing.

(3) For this run, the adiabatic wall effectiveness data, velocity
and temperature profiles across the span between the two rows
of holes were taken.

(4) For this run, three values of © were tried.

(5) Except M=0.0, all the experiments were run at 6=0.0 and

6=1.0.
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turbulent boundary layer profile with a momentum thickness Reynolds num
ber of about 2800, and an enthalpy thickness Reynolds number about 100.
The reason for the long unheated starting length is to give a better de-
fined thermal boundary condition at the wall. The test plates were not
built to produce the equilibrium ratios of boundary layer growth, thermal
and momentum, for this region. .

Figure 5.2 shows the heat transfer results in St vs. Rex coordi-
nates. The open symbols represent the 6 = 0.0 (i.e., T2 = Tw) case,
and the solid symbols represent 9 = 1.0 (i.e., T2 = To) case. The
open circles represent the case of M= 0.0 ; i.e., no blowing, used as
a reference in both parts of Figure 5.2. Blowing was started at the
second plate so that the second plate would not have the full effect of
discrete hole blowing. At most, half of the plate feels the effect. The
case 0 = 1.0 (Figure 5.2a) shows a decrease of Stanton number for all
values of M below the no-blowing case, except in the initial region.
For M = 0.1 , Stanton number decreases below the no-blowing case even
in the initial region, but then as M dincreases, Stanton number increases,
until at M = 0.4 , Stanton number is about the same as that of the no-
blowing case. For values of M= 0.52 and M = 0.63 Stanton number
increases progressively in the initial region. This behavior is con-
fined to the initial blowing region: after about the 8th plate, the
Stanton number always decreases further and further below the no-blowing
case as M increases. The most pronounced reduction of Stanton number
is seen in the recovery region. The decrease is, however, far less than
we would expect from a tramnspiration cooling case with the comparable
blowing. For example, for M= 0.63 (F = 0.02) , a comparable uniform
transpiration would completely blow off the boundary layer and give a
zero Stanton number. The heat transfer behavior in discrete hole blow-
ing can be explained by the augmentation of turbulent mixing, caused by
the discrete injection, dominant over the thermal effect of the injection.
In the initial region, the augmentation of turbulence 1s quite sudden
while the mixing of jet flow or thermal energy with the boundary layer
flow 18 a rather gradual process. This explains the high values of
Stanton number in the initial region. In the downstream the augmentation

of turbulence and the thermal boundary layer growth is more or less
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balanced and the Stanton number gets comparatively small. Again, in the
recovery region, the absence of the discrete hole injection drops the
turbulence level rather suddenly but the thermal energy remains the same.
This causes a drastic decrease in Stanton number in the recovery region.

The 6 = 0.0 case is shown in Figure 5.2b. In this case, the higher
the value of M the larger the Stanton numbers, except in the recovery
region where the ordering reverses. The increase of Stanton number is
caused by the injected gas, whose temperature is the same as the free-
stream temperature, causing an effective sink. The decrease of Stanton
number in the recovery region below the no-blowing case is attributed to
the thick boundary layer developed by large blowing. The effect of the
thick boundary layer may be partly overcome by the fact that the injected
fluid, whose temperature is the same as the free-stream temperature,
creates an effective sink whose strength is proportional to the blowing
rate. The decreasing effect of M at high M may be explained by the
fact that the injected jet penetrates farther into the boundary layer due
to its higher momentum, thus moving the "sink" further from the wall.

In Figure 5.3, results for 6 = 1.0 are plotted in Reﬁé coordinate.
This coordinate shows Stanton number behavior per unit of enthalpy de-
livered to the boundary layer. The small arrow shows the end of the blow-
ing region. M = 0,1 1is the only case which falls below the no-blowing
case. At M = 0,2 , Stanton number is about the same as the no-blowing
case. As M increases, Stanton number increases in the first portiom
of the test plate but then tends to decrease faster in the downstream.
This is probably due to the fact that thermal mixing becomes more important
in the downstream region. Figure 5.4 shows the O = 0,0 case plotted in
RéZé coordinate. The regularity of the increasing pattern in the 'blowm
region is pronounced. The small arrow shows the end of the blowing region.

For applications in gas turbine blade cooling, it may not be desir-
able to have a strong blowing in the initial region,; particularly not with
a normal angle injection hole. Leading edge values of € have been pro-
posed to be in the range of 1.0 to 1.5 ; strong blowing might increase,

rather than decrease, the heat load on the leading edge.
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A.2 Effect of qw _(Figures 5.5 to 5.10)

Figure 5.5 shows the velocity profile on the first plate for
U_ reduced to 31.5 fps (9.6 m/s). This still shows the expected flat
Plate turbulent boundary layer profile, as did . the run at U, = 54.9 fps
(16.7 m/s) shown in Figure 5.1
Figure 5.6 shows the heat transfer results for U, v 32 ft/sec (9.76
m/s).‘ The M = 0.2 case was chosen for cross-comparison, and M = 0,74
and M= 0.91 v 0.94 were chosen for additional data. Note that for
these latter values of M , Stanton numbers at 6 = 1,0 fall below 10-3
in the recovery region. In Figure 5.6b , at M= 0,2 , and 6 = 0.0 ,
the Stanton number ratio, St/Sto seems to be higher than that at U, =
54 ft/sec (16.5 m/s). Otherwise, it shows similar behavior as in the pre-
vious case, and the general behavior can be explained by the éugmentation
of mixing, boundary layer growth and the effective sink.
_ "The same trend is observed in Figure 5.7 as in Figure 5.3. Especially
néte that at M = 0.17 , the very same behavior as at U_= 54 ft/sec
(16.5 m/s) is observed; the value of Stanton number at M = 0.2 is about-
that of the no-blowing Stanton number. In Figure 5.8, St/Sto 1s slightly
higher than that at U_ = 54 ft/sec (16.5 m/s). St/st  for fixed Reg, -
is the usual correlation for the case of uniform transpiration. Physically
this ratio represents a comparison of the non-dimensional heat transfer
performance (Stanton number) of the two situations, evaluated at the same
energy level of the boundary layer. o
Figure 5.9 shows the velocity profile on the first plate at U =
115 ft/sec (35 m/s). This also shows the fully developed turbulent boundary
layer. Figure 5.10 shows the heat transfer results at M = 0.2 . Figure
5.10a shows Stanton number vs. Rex for both 6 = 1.0 and 6 = 0.0 .
The behavior 1s very much similar to the U_ = 54 ft/sec (16.5 m/s) and ..
32 ft/sec (9.76 m/s) cases. The St/Sto ratio at fixed Rey, for
6 = 0.0 seems to be slightly smaller than that at U_= 54 ft/sec (16.5
m/s), At 6. = 1.0 , the Stanton number is about the same value as that
of the no-blowing case in Rézz coordinate, the same behavior. - )
The results of this series of experiments show that St/Sto .18 not .
affected by U_ , if properly presented. For the case 6 =1.0
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' (resembling transpiration):

st
5t
|re, |
W + B *$ £(U)

By
whére

By

F/St

This will be shown in Section B along with Figure 5.20. For 6 = 0.0 ,
St/Sto » evaluated at fixed Rézz » drops slightly as U_ 1s increased.

A.3 Effect of .ZZ Change (Figure 5.11 to 5.13)

For this test, only half of the foreplate was heated to increase
the enthalpy thickness at the beginning of blowing., The value of U, was
kept constant at 55 ft/sec (16.7 m/s). Figure 5.11 shows the velocity
profile, and Figure 5.12 shows the temperature profile on the first plate.
These two profiles show that the momentum and the thermal boundary layer
are nearly in equilibrium. Figure 5.13 shows that there is no difference
in behavior from Figure 5.2 to 5.4 if the same criteria as in the Subsec-
tion A.2 is used. That is, St/Sto divided by 2n(1 + Bh)/Bh at fixed
Re, for 6 = 1.0 and St/St  at fixed Reg, for 6 = 0.0 are used for

x
comparison.

A.4 Effect of P/D Change (Figure 5.14)

To see the effect of P/D change, alternate rows of holes were
plugged, as well as alternate holes in the remaining rows, using fitted
corks. This made it possible to produce P/D = 10 . Figure 2.13 (see
Chapter II) shows that the effect of having cork plugs is negligible on
the velocity profile.

Figure 5.14 shows the heat transfer results at P/D = 10 . The gen-
eral trends of St for 6 = 1.0 and O = 0.0 are similar to P/D =5
case, but with much~diminighed effect. At M = 1.0 with ¢ = 1.0 ,

83



Stanton numbers are higher than those of the no-blowing case all through
the blowing region, a trend not observed for P/D = 5,0 . For the same
value of M , the cooling effegt from P/D = 10 geometry is much infer-
ior to P/D =5 geometry in Rex coordinate. Even at the same value
of F, the P/D = 10 case will be inferior to the P/D = 5 case, be-
cause higher velocity jets are formed and they will penetrate farther into
the boundary layer, which eventually will decrease the effect of the
protecting sink near the wall, and because the higher velocity jets tend
to create a higher turbulence level.

At M= 0.17 with 6 =1.0, St/Sto at fixed Ref, seems to be
about 1.0 . It is surprising that the behavior of St/Sto at M= 0.2
with 6 = 1.0 does not change very much from the P/D =5 to the P/D =
10 case if compared in RéZé coordinate. The small fluctuations in
Stanton number are due to the fact that the alternate rows of holes are

plugged up to produce P/D = 10 .

A.5 Effect of Ez Change (Figure 5.15 to 5.18)

Figure 5.15 shows the velocity profile on the first plate, with

the foreplate accelerated to produce the low momentum thickness. A
boundary layer trip was used to obtain a quick transition to a turbulent
boundary layer. 1In this profilealogarithmic region appears at very small
values of y+ s y+ = 20 v 50 . This is partly due to the small value of
momentum thickness and partly due to the acceleration effect which was
not relaxed completely. Figure 5.16 shows the temperature profile, which
is similar to the velocity profile.

Figure 5.17 shows the Stanton number at P/D = 5 with low 3} .
The M= 0.0 case is above the known correlation for the flat plate by
4-7%. This is probably due to the disturbance from open holes which is
more important at low 'gé . Both in Rex and Re"A'2 coordinates, the
heat transfer behavior is essentially the same if the same correlation
parameters are used. The first point has the effect of acceleration
and falls below the flat plate correlation.

Figure 5.18 shows the result with P/D = 10 and small Eé . Both
in Rex and RéZZ » Stanton number behavior is very similar to that

shown in Figure 5.14.
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A.6 Effect of Discrete Hole Blowing on Laminar-to-Turbulent Transi-
tion (Figure 5.19)

Figure 5.19 shows the Stanton number behavior with a natural
transition from a laminar to turbulent boundary layer. It shows that
with M = 0.2 , transition occurs within about 5 in. (12.7 cm).These data in-
dicated that at the center of the channel the flow remains laminar about
30 inches downstream of the point where acceleration is stopped. Also,

a pitot probe at the end of the stethoscope confirmed that the turbulent
boundary layer develops from the side walls towards the center of the
channel. Even after 50 inches downstream of acceleration, flow does not
seem to have fully-developed turbulent flow. This is probably due to a
low turbulence level (v 0.4%) and to the acceleration. For M = 0.0 ,
there appears a long transition to turbulent flow. The abrupt change in
Stanton number appears between the blowing region and the recovery re-
glon because of the different methods of obtaining heat transfer coef-
ficients between the two sections. In the blowing section, the plate
energy balance is made over the whole plate area and Stanton number repre-
sents thé true average value. In the recovery region, heat flux meter
senses only the center two inches.

Discrete hole blowing makes a very quick transition, and it probably
is not recommended to have discrete hole blowing in the laminar boundary

layer region as a means of cooling the surface.

B. Construction of a Simple Theory

B.1 Couette Flow Analysis

From examination of the above Stanton number results, it is clear
that heat transfer behavior has a distinctive pattern. Since we have
developed the proper integral equations for momentum and energy, what we
need in terms of prediction is Cf/Cfo and St/Sto as functions of
the variables of the integral equations. In this case, this program con-
cerns itself with heat transfer behavior, and we need only the experi-
mental information concerning St/Sto .

Now, invoking the Couette flow approximation on Equations (4.6a) and
(4.6¢c), we obtain
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&y " 0 (5.1)
4T d [ dT —— ==\ .
vd_y = -a-y-(x'g- t'v' - fv). ) 9.2)

F R AT
vody dy(a t'v E‘v),

Using Equation (4.21b), we obtain

ar _ 4 [ _ 4" '
vo dy dy( pcp)"' S (5.3)

Now
d
S = - (VO(TZ-To)f(Y))

To be more general, following the formulations done in Kays [68]), we have

wdP _ d (@) _aup oy dF
L dy iy (A dy) mc’(P2 Po) dy (5.4)

where P represents property in general, and -A % represents property
flux. The boundary conditions for Equation (5.4) are
P=P at y=0
° (5.5)
P= Pm at y=Y

where Y is outside the boundary layer. Also, the property conservation
in the control volume shown gives the following mass transfer relation-

ship at the wall,

) &
X1} dy O P°° B Po (5 6)
a' = — - g .
Pp=P "R -P -

where g tepresents the general mass transfer coefficient and the driving
function for the film cooling situation is
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(5.7)

(No radiation, no lateral

conduction, no chemical re-

action, no source within

the control volume)

Equation (5.4) can be integrated, and we obtain
(X ]] - Q ;' - =
P A dy + mo(P2 Po)f(y) C1

m
[o]

At y=0, A& - &' (e, - B,)

L ) | - - d_P. L] _ =
mo(P PT) A dy + mg (P2 Po)f(y) 0

(5.8)

or |
| ae - )
WP - Pp) = A —g—i— + (R, = B)EG) = O

Case)

(1) 6 =1.0 Case (P2 = Po
In this case, Equation (5.8) can be integrated and we can obtain

the following result, as in Kays [68]:
(5.9)

in(l + Bh) 1.0
Y

g = B
h
gy
‘/P A
o
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vwhere

5 ﬁg P .~P
h g Po - P
Now, as ﬁ; + 0 , we have
1.0
g, = limit o . — (5.10)
l'n'l+o
|
o
o
Then we can form the ratio Y
[ g
o
g . in(l + Bh) o .11
g B Y -11)
o h
dy
[ 4
o

In the case of transpiration cooling, the quantity inside { } 1is unity
(overall transport property does not change very much), but in the case

of film cooling through discrete holes, we have

Y

4y
Ao

¢1 - '—OY—-_ - ¢1(F’P/D) (5.12)

(34
A
o

(2) 6 =0.0 Case (P2 = P Case)

In this case, there is no closed solution found for g/go ,'but

we could guess that

(5.13)

- ¢2(Bc, F, P/D, Rew’D)

o




where
P _=-P up

Bc - _Poo"PT » and Rew’D-—v

The Re p @&ppears here because the effective source i8 a function of
9

hole diameter, and the proper non-dimensional number is Re Note

«,D °
that 62 or A2 does not appear in this analysis. In this case a viscous
length scale, \)/UQ , 18 a proper length scale. ¢2 was found not to be

a strong function of Bc .

B.2 Recommended Correlatioms for Integral Prediction

From Equation (4.19), we will obtain two integral equations,

JZZ(O)

= - st (0) (5.14)

&Zz(l)

ax = St(l) + F (5.15)
1.25 '

2n(l + B,) :
St . h (1 + 8.90-25 1.25 (5.16)
to Bh : h 1

Re'A'2
st(0
gzi-l =0 (5.17)
ReA2

The factor, ¢1 , 18 presented in Figure 5.20 for fixed Rex .

st(l)/st is transformed into St(1)/St following Whitten [3].

(] Rex o ReA2

The factor, ¢, , is presented in Figure 5.21 for fixed Re_A'2 . This
functional variation was obtained after several trials. 4)1 and ¢2

are summarized as follows:
¢, = 1+ 140F ‘for P/D = 5

= 1 + 180F for P/D =10
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-0.29 F0.43

¢ D

= 1+ 55Re, for P/D =5

2

-0.29 F0.43

= 1+ 48 Re_ D
’

for P/D = 10

The value of '¢l is greater for P/D = 10 than for P/D =5 and the
value of ¢2 is smaller for P/D = 10 than for P/D = 5 . This means
that there is less spread between St(0) and St(l) for P/D = 10 ,
and thus its cooling effect will be less at the comparable condition.

For the detailed procedure of solving Equations (5.14) to (5.17)
for A2(0), A2(1), St(0) and St(l) , see Whitten [3]. Once St(0)
and St(l) are obtained, we can readily calculate St(6) as

St(8) = st(0) - 6 {st(0) - st(1)} (3.7)
using a linear superposition.

C. Profile Data

To get the local average profiles, we must average all the profiles
around a hole. This, however, requires a very large number of profiles
to be taken. To avoid this, velocity and temperature profiles were taken
in a lateral span between the 10th and 1llth row of holes. Velocity pro-
files were also taken between the 7th and 8th row of holes. At this point,
the flow field is believed to be reasonably uniform in the x-direction so
that the lateral average may not be very different from the local average.

As the M wvalue gets larger, flow separation may be possible. Thus
M = 0.2 was chosen for the profile study. A pitot probe was used for
the velocity profile and at M = 0.2 , and at the midpoint between two
rows of holes the pitot probe error caused by a jet at the wall will be
minimum (see'Equatién (4.4c)).

Figure 5.22 shéws velocity profiles between two holes in the lateral
direction. At both ends you can clearly see the velocity defect from the
jet attached to the wall; and in the middle, only a small defect of the
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profile still remains which indicates that a jet will spread fairly well
after about seven diameters downstream.

Figure 5.23 shows the temperature profiles across a span in the
lateral direction, with the hole from the preceding row located in the
middle. The profile shows a high plateau in the middle, due to the hot
jet attached near the wall, and some small effect remains at each end,
similar to the velocity profile.

These profileé were next averaged spanwise. Figures 5.24 and 5.25
show the laéerally averaged velocity and temperature profiles in a semi-
logarithmic scale. These two profiles indicate that there is a cleérlyén
defined logarithmic region. Following Milikan [69], this means that -
there exists an inner region similarity and an outer region similarity
even with the discreté hole blowing. Also, this was clear in the velocity
profiles taken by LeBrocq et al. [33].

The mixing length distribution corresponding to the spanwise averaged
profiles is shown in Figure 5.26. The method used for the shear stress
calculation is outlined in Simpson [3]. For the momentum thickness
Reynolds number, the arithmetic average of each profile is used, and the
skin friction coefficient, Cf/2 » was estimated by using the analogy
between momentum and heat.

The mixing length distribution in Figure 5.26 shows a pronounced
peak near y/8§ = 0.1 . Probably at this point, the jet main boundary
layer interaction is most active. Pali et al. [43] considered an augmented
mixing in their film cooling predictions. From Figure 5.26, it becomes
clear that the mixing length, & , can be considere4 to be augmented by
discrete hole blowing. Empirically, the following expression was ob-
tained in the outer region where the damping effect is negligible:

2 _GZLQ)Z
- Y. DPL |
gouter Ky + KO(G) , (5.18)

where Ky is the flat plate mixing length, DPL repre%énts the point .

of maximum augmentation of mixing length, and Ko tpg magnitude of max-

imum augmentation. o
Figure 5.27 shows the shear stress distribution, which shows a con-

stant shear stress, due to the jet-boundary layer interaction. The shear.
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stress distribution from Simpson [3] does not show a constant shear stress
region in uniform transpiration.

Figure 5.28 shows that for the inner region, a Van Driest damping
function with A+ = 24 will give a good representation of the augmented
mixing length. The Van Driest damping function was applied to the flat
plate mixing length and the augmented mixing length, as

-y N
Zioner 12'out:er 1-e . (5.19)
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CHAPTER VI

PREDICTION OF THE EXPERIMENTAL DATA

Prediction of the full-coverage, film-cooled heat transfer data was
made using a finite difference prediction scheme based on the computef
program originated by Patankar and Spalding [10). Several years of in-
vestigation of turbulent boundary layer heat transfer with uniform tr#n—
spiration and with pressure gradient have been conducted by the Stanford
HMT groﬁp [2-9] and have provided the turbulence model used in the preéent
program. Kays [70] gives a brief description.

A. Presentation of the Modeling Problem

In Chapter IV, the basic equations for the locally-averaged properties

were derived and can be summarized as

w , av
% + 3y (4.6a)
U, 8w 3 (BT 38
U 7% + Vv dy 3}'( 5 )+ Von 3y (6.1)
9T, v 3T . 3[4 Y
U = +V 2y 3y (pcp) VO(TZ To)ay (6.2)
with
ct U - =
- - Vay ~ u'v .—.(uv)hom (6.3)
9" . T _ TTT -
B ey T TV - @ | (6.4)

and f = g=1,0 at y=0, f=g=0.0 at y =,
In the present progranm, qb was kept constant, and the pressure
gradient term did not appear in the momentum equation. There appear four

unknown terms: -u'v' - (ﬁi)hom . ~t'v' = f§$5hom , £ ,and g .
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Thése terms appear because of the non-linearity in the convective termiﬁ
and present a "clOsufe problem" (i.e., Reynolds [71]) which can be solved
'by.proper modeling of ﬁhe above terms. As was indicated by Reynolds, a
_hiéher 1e§el model, like the mean turbulence equation model br the mean
Reynolds stress model, would be preferred if possible. 1In the present
program, however, the main objective was the gross heat transfer study,
and our attention was given only to the mean velocity profiles, using a

pitot probe. This limited us to a mean-field type of closure model.

A.1 Model for -u'v' -~ di% and -t'v' - (E;)hom

hom

Because of its simplicity and wide applicability the mixing
length model was chosen. A simple analysis in Appendix I supports the
idea of applying the eddy viscosity concept to the modeling of terms,

—(uv)hom and —(tv)hom .

Then
o & . 21y . 3U
u'v (uv)hom £ lBy'By €y 3y (6.5)
LTV - (). = e 3 . o (6. 6)
tv tv)hom €n dy Prt ay

The problem becomes one of modeling of the mixing length, £ , and the
turbulent Prandtl number, Prt .

As was shown in Figure 5.26, Figure 5.28 and Equation (5.18) and
(5.19), the following expression was used:

+

+,,+ /4

- - Y /A - Y
2 fourer ~ © )= (B + 21 - e

) 6.7)

where A+ = 24 was used and £f is the mixing length for the flat
plate and La denotes the augmented mixing length. Since discrete hole
blowing has the value of M > 0.1 , the jet always penetrates the main
boundary sublayer, and the interaction between the jet and the boundary
layer occurs somewhere outside the sublayer. This was the reason for a
fixed value of A* « The value of lf was the same as was used in

122



Kayg [70].

i, = for ky < A6
£ .99 (6.8)
- ).6.99 for «ky 316.99
vhere A = 0.08 was used.
For -Zh , the empirical curve fit of Figure 5.26 was used.
: 2
: (6#)
.Q,a = KOG(%) e L (6.9)

where the dimensionless distance, y/§ , was used because za is mainly
due to the interaction between the jets and the outer region of the

boundary layer, and the constant Ko determines the maximum value of L9
and the constant DPL gives the location of the maximum in the boundary

layer. K, has a relationship to (Lala)max, as

3
K - == (—a) (6.10)
° L)% \® /max

where e 1s the base for natural logarithm. Then this formulation re-

duces the problem of modeling into the evaluation of DPL and (lals)max'
DPL was considered as a function of M and P/D , and (za/a)max

was expressed as
+

2'a Vo,e F
max c. /2 T
£ e
where v+ is the effective v:, a dimensionless blowing parameter. For

the evaluation qf i:,e » see Section A.3 of this chapter. This linear
relationship is for the convenience of use, and for the purpose of pre-
diction.

For the turbulent Prandtl number, Pr

used, as in Kays [70].

& , the flat blate va;qe was
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'—_-Oag 0025
pr, = --EE____ (6.12)

If the above expression falls below 0.86 , a simple value of 0.86 was
used. Further refinements on Prt were not attempted because the molec-
ular Prandtl number of air is 0.72 and Prt is not expected to vary con-
siderably from flat plate values,

A.2 Model for g(y,x) and £(y,x)

The modeling of g and f requires information on the distribution of
the effective body force or effective source across the boundary layer.
The analysis done in Appendix I indicates that periodic perturbation at
the wall will decay exponentially toward the free stream if the velocity
is uniform.

Also, the following reasoning between the mixing length distribution
and the effective source or effective body force can be used to determine
the distribution of g and f .

From the physical point of view, the maximum in mixing length appears
in the middle of the boundary layer because of the presence of the shear
layer between the jet and the boundary layer; and the u , v , and E
have maximum variation around the center of the deflected jet. This
means that the maximum of the mixing length will appear between the center
of the deflected jet and the interface of jet boundary layer. Also, if
there 1is an effective body force or source present due to such variation
of u, Vv, and t , then the effective body force or the effective source
should damp out beyond DPL . This discussion suggests the following dis-
tribution:

_x/8
gy,x) = e DPL (6.13)
and - __Zbg_.
fir,x) = e DFL°CER (6.14)

In this case, CPR is mainly due to the Pr not being unity, and in

this case was set to 1.0 because in air Pr = 0.72 and the penetration
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distance of the jet would be almost the same for momentum and heat.
In the case of normal hole injection, g(y,x) does not play a role

because U = 0 .
X

A.3 Treatment of Abrupt Change in Blowing

This is to get v: e in Equation (6.11) from v: to handle
b
the abrupt change in blowing, and it is a purely empirical formulation.
A similar approach was taken in transpiration cooling by Loyd [8].

At the step change of blowing, v: e VWas set as
”

+
v = v
o,e ( o,;)previous step

CL1 + +
+ or vo - (vo) revious ste
CL2 previou P

where CL1 1is for the positive step in blowing and 0.5 was used, and
CL2 1is for the negative step in blowing and 0.85 was used. After the

step change, as in Loyd [8], the equation for v+

o,e
avt vi- vt
o,e _ _oO 0,e
dx’ <,

was solved in each integrating step with C2 of 6000.

For example, if we have step blowing through discrete holes and stop

blowing after a certain distance, we have the following variation in

+
v :
0,e

— ==
A,y cL2* U’
1_// U;_,e _L ]
+
CLi*U{: \\\[Uc.e
i ——
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B. Prediction of Experimental Results

- After the local averaging, v: was substantially higher than the
trahspiration cooling cases. This required an accurate handling of the
subiayer equations. Appendix H explains an algorithm for obtaining a
numerical solution tothe sublayer equatioms to obtain the‘ shear stress and -
heat flux at the wall,

- Figure 6.1 compares the predicted local average velocity profile to
that of the lateral average. It is quite satisfactory. Figure 6.2 shdws
the variation of DPL and (la/G)max. These values were numerically
determined to predict the experimental Stanton numbers. Figures 6.3
through 6.17 show the various predictions made for each test run. The
overall prediction is satisfactory. The trends shown in Figure 6.2 were
previously found in the analysis of Eriksen's [44]. His data analysis

showed that Yo and € increased as the value of M increases. In the

H
present model, the boundary layer concept was introduced, while in Eriksen's
it was not.

For the prediction of high values of M and arbitrary boundary con-

ditions, further development must be made.
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Figure 6.4 Prediction of Stanton number data on full-coverage film-
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Figure 6.14 Prediction of Stanton number data on full-coverage film-
cooled surface for M= 0.2 at U_= 39 ft/sec (11.9 m/s)
with P/D = 5 and thin boundary layer.
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Figure 6.15 Prediction of Stanton number data on full-coverage film-
cooled surface for M= 0.53 at Ux = 39 ft/sec (11.9
m/8) with P/D = 5 and thin boundary layer.
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CHAPTER VII

SUMMARY AND RECOMMENDATIONS FOR FURTHER STUDY

<.

A. Summary
1. The linear superposition method for film cooling was deieloped
and shown to unify transpiration cooling and film cooling by
using the same temperature potential, (TO-IQ). This allows
direct comparison of Stanton number data, eliminating the cal-
culation of wall heat flux for performance comparison. Also,
with this scheme a skin friction estimation is possible for

the full-coverage, film-cooled surface.

2. The concept of the local spatial average was introduced, and
the proper governing equations for full-coverage film cooling
were derived. This opens the way for utilization of the
analytical methods developed for conventional turbulent bound-

ary layers.

3. Heat transfer data for full-coverage film cooling with normal
hole injection at P/D =5 and P/D = 10 were taken for the

fundamental cases 6 = Q0 and 0 =1,

4. For the integral equation prediction of heat transfer data, the

following formulae are recommended:

St —0029 0.43
EE: =1 + C° Rew'D F for 6 = 0.0
RdZé
St 1.25 [ enqtmy |1 20 0.25
o = (1+c P (1+8)°"
St 1 B
ol —
ReA2

for 0= 1.0

where C° = 55 , C, =140 for P/D =5, and Co = 48 , C, = 180

1l 1
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for P/D= 10 (to be used in conjunction with the aupérpoéition
scheme to obtain Stanton number for arbitrary 6 ). .

5. A two-dimensional boundary layer program was used to predict the
experimental data. This procedure accounts for the penetration
of the discrete hole jets into the boundary layer and the aug-
mentation of the turbulent mixing due to jet-main stream inter—

action.

6, Sevaral-observations were made for normal hole injection.
' a. Laminar-to-turbulent transition occurs quite abruptly with
discrete hole blowing. ’

b. The P/D = 10 case with a comparable F is inferior to
P/D=5 .,

c. In the initial blowing region, there is not much cooling effect.

B. Recommendations for Further Study

1. Study of full coverage film-cooling with slant angle injection
‘ geometry.

For the application in the turbine blade cooling, the majority
of discrete holes, except near the leading edge, can be slanted
with respect to the surface in the main stream direction for bet~-
ter performance. This is due to jets remaining closer to the

wall surface. This work is in progress.

2. Study of full coverage film—cooling with complex angle injection.
By having a complex -angle injection, the area covered by a
jet increases, and thus the cooling performance increases. Es-
peclally in the leading edge of the turbine blade, the normal
hole injection does not help very much and the introduction of
angled injection in the lateral direction is essential. This
work is being pursued.

3. Detailed investigation of mean velocity, mean temperature and
' turbulence profiles around the discrete holes.
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4.

6.

This study will provide the detail variation of veloecity,
temperature and turbulence level around the holes and also will
provide a better model of local average flux terms, which can be
used in the numerical prediction program. This is being pursued.

Three-dimensional prediction program for u , v and Et .
Along with the experimental investigation in item 3 , this
study will provide an analytical means of predicting u , v and

~

t .

Study of the effects of dP/dX # 0 and the presence of other

bédy forces.
In many practical applications including the gas turbine
blade, the effects of non-uniform free-stream velocity and other

body forces are very important.

Refinement of the present computer program such that the higher
mass flux at the wall and the abrupt change in the boundary con-

ditions can be handled.

An experiment to determine the heat transfer characteristics down-

stream of a step in temperature of the injected air.
This will provide the kernel function needed to handle the

general case of arbitrary secondary gas temperature by super-

position. These data are the counterpart of the unheated starting

length data used in dealing with the arbitrary wall temperature

problem for an impermeable wall.
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APPENDIX A

STANTON NUMBER DATA

This is the tabulation of all the Stanton numbers along with velocity
and temperature profiles which give the initial conditions at the starting
point of blowing (in the middle of the lst plate).

Special Nomenclature

DREEN GReZé , uncertainty in RéZé
DST 6St , uncertainty in St
DTH 8§60 , uncertainty in 6
ETA 1-St(B6 = 1.0)/5t(6 = 0.0)
F-COL F at 6 = 0.0
F-HOT F at 6 = 1.0
PHI-1 ¢1 defined in Chapter V (see Equation 5.12)
RED2 Re7,
RE DEL2 ReR,
REENTH ReR,
REX Re
x
REXCOL Rex for 6 = 0.0
REXHOT Rex for 6 =1.0
STCR St(0 = 0)/Sto
STHR St (6 = 1.0)/St°
XVO xvo , virtual origin of turbulent boundary layer
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ST

RUN NUMBER 062873

DISCRETE HOLE RIG #es NAS-3-14336

FLAT PLATE VELOCITY PROFILE

VELOCITY PROFILE
UINF= 55.1 FT/SEC

TINF= 70.9 DEG F

Y(INCHES) UCFT/SEC)
0.010 23.72
0.012 25.08
0.01% 26.46
0.016 27.58
0.018 28.50
0.020 29.18
0.022 29.87
0.024 30.38
0.026 30.85
0.028 31.2%
0.031 31.74
0.034 32.2%
0.038 32.89
0.0h% 33.55
0.049 33.95
0.056 34.61
0.063 35.26
0.073 35.77
0.083 36.h4
0.09% 37.00
0.114 37.91
0.139 39.24
0.164 80.19
0.189 41.05
0.239 §2.6%
0.289 . h4.21
0.339 45.52
0.389 46.80
0.439 43.04
0.489 49.24
0.589 51.18
0.689 52.96
0.789 54.07
0.889 54.80
1.039 55.17
1.189 55.18

REX=  0.12701E 07 RED2= 2827.
DEL1= 0.136 IN. DEL2= 0.101IN.
CF2=  0.16817E-02 DXV0= 0.67

X= 53.0 INCHES
PINF= 2100.

Y+

11.4
13.7
16.0
18.3
20.6
22.9
25.1
27.4
29.7
32.0
35.4
38.9
43.4
50.3
56.0
6.0
72.0
83.4
94.9
107.%
130.3
158.9
187.4
216.0
273.2
330.3
387.5
Uhk .6
501.7
558.9
673.2
787.5
901.8
1016.1
1187.5
1358.9

Xvo=
H=

DDEL1=0.002

PORT= 19
u+ UBAR
10,49 0.4302
11.09 0.4549
11.70 0.4799
12.20 0.5002
12.60 0.5169
12.91 0.5292
13.21 0.5418
13.43 0.5509
13.6% 0.559%
13.81 0.5665
156,04 0.5756
1%.26 0.5846
15,54 0.5964
1h.8% 0.608%
15.01 0.6157
15.31 0.6277
15.59 0.6395
15.82 0.6438
16.12 0.6609
16,36 0.6710
16.76 0.6875
17.35 0.7117
17.78 0.7289
18.15 0.7445
18.86 0.7733
19.55% 0.8017
20.13 0.8256
20.70 0.8488
21.25 0.8713
21.78 0.8930
22.64 0.9283
23,42 0.960%
23.91 0.9807
25.23 0.9938
24,40 1.0005
24,39 1.0000
7.43 IN.
DDEL2=0.001

=]
[~

CO00CO0000000000000

[ o » »
o OO DO O bt b b b b [ ot b b ob (b b b b b b b b b b b Fud b b (e b b b
ugzg<nu:gaou:o::thutanaNham\»ucwauanrarn-m\nunm<na»m~¢asp

—X-X-X-X-X-X-X-F-N-X-K-—J-RK-X-N-J-¥-JX-J

OCF/2=0.130 IN RATIO



sST

STANTON NUMSBER NDATA RUN 070473

TINF=

83,3

UINF= 53.9

UNCERTAINTY IN REX=26262.

XV0= 4.600

RHA= 0.07231
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=44.700

akk DISCRETE HOLE RIG *#&* NAS-3-14336

CP= 0.242
P/n= 5

*k M=0,y FLAT PLATE RUN, HIGH RE, STEP T-WALL AT THE 1ST PLATE

PLATE

-
QUONGCVPWN—

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
3s
36

X
50.30
52.30
54.30
56430
58.30
60.30
62.30
64.30
66.30
68.30
70.30
T2.30
73.82
T4.85
75.88
76.91
17.95
78.98
80.01
81.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
89.29
90.32
91.35
52.38
93.41
94.45
95.48
96.51
97.54

REX
0.12002€
0.12527E
0.13052€
0.13577E
0.14103E
D.14628E
0.15153E
0.15678E
0.16204E
0.16726E
0.17254E
0.17779¢E
0.18178E
0.1844SE
0.18719E
0.18991€
0.19263E
0.19534E
0.19804E
0.20075€
0.20345E
0.2061 6E
0.20886F
0.21158E
0.21430E
0.21700E
0.21971¢
0.22241E
0.22512E
0.22782E
0.23053E
0.23324€
0.23596E
0.23867E
0.24137€E
0.24408E

07
07
07
07
07
07
07
07
07
07
07
o7
07
07
07
07
07
07
07
07
07
07
o7
07
07
07
07
07
07
07
07
07
07
07
07

07

T0
107.2
107.5
107.3
107.3
107.3
107.5
107.3
107 .4
107.3
107.3
107.2
107.6
107 .1
106.8
107.3
107.3
107.5
107 .4
107.3
107.5
107 .4
107.5
107.3
107 .4
106.7
106 .5
107.4
107.6
107.1
107.9
107.8
107.6
107.5
106.8
107.3
106.7

REENTH
0.98007E
0.27787¢
0.43599E
0.58507€E
0.T27STE
0.86638E
0.10010€
0.11312E
0.12587EF
0.13847E
0.15082E
0.156294E
0.17208E
0.17818E
0.18416E
0.19012F
0.19600E
0.20187E
0.20775¢€
0.21347€
0.21929E
0.22513E
0.23074E
0.23637E
0.24192E
0.24749E
0.25319E
0.25878E
0.256432E
0.26983F
0.27535€
0.28076E
0.28605E
0.29143E
0.29686E
0.30233¢

02
03

STANTON NO
0.37319€E-02
0.31169€E-02
0.29041€-02
0.27726F-02
0.26684E-02
0.26023E-02
0.252188-02
0.24381E-02
0.241 TSE-02
0.23779E-02
0.23267E-02
0.22865E-02
0.23159€E-02
0.21927€-02
0.221 68€-02
0,21859E-02
0.215T74E-02
0.21819E~-02
0.21563E-02
0.20724E-02
0.22212€-02
0.20946E-02
0.20498€-02
0.21048F=-02
0.19909E-02
0.21226E~02
0.20928€-02
0.203 00E-02
0.20636E-02
0.20082F-02
0.20668E-02
0.19289E-02
0.19762E-02
0.19957E-02
0.20138€E-02
0.20286F-02

DST
0.66TE-04&
0.619F-04
0.510E-04
0.604E-04
0.598E-04
0.589E-04
0.589F-04
0.584E~-04
0.584E-04
0.583E-04
0.581E-04
0.571E-04
0.403€-04
0.417E-04
0.422E-04
0.414E-04
0.412E-04
0.416E-04
D.404E-04
0.391E-04
0.415E-04
0.408E-04
0.402E-04
0.4176-04
0.403E-0¢4
0.420E-04
0.412E-04
0.400E-04
0.400E-04
0.402E-04
0.402E-04
0.390F-04
0.393E-04
0.393E-04
0.416E-04
0.455E-04

vicC=

DREEN

M

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

F

0.0000
0.3000
0.0009
0,0000
0.2200
0.0000
0.2000
0,5000
0.0000
0.0000
0.0000

0.17191€-03

T2

107.5
107.3
107.3
107.3
107.5
107.3
107.4
107.3
107.3
107.2
107.6

PR=0,715

THETA

1.990
1.000
1.200
1.200
1.000
1.000
1.000
1.000
1.000
1.200
1.300

DTH

0.015
0.2315
0.015
0.01%
0.015
0.215
0.015
0.015
0.015
0.015
0,015



981

STANTCN NUMRER DATA RUN 073073

TINF=

79.8

UINF= 53.3
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=44.700

UNCERTAINTY IN REX=26336.

#k M=0,1, COLD RUN,

PLATE

X
50.30
52.30
54.30
56.30
58.30
60.30
62.30
64.30
66.30
68.30
70.30
72.30
73.82
74.85
75.88
76.91
17.95
78.98
80.01
81.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
89.29
90.32
91.35
92.38
93.41
94.45
95.48
96.51
97.54

REX
0.12035E
0.12562¢
0.13089E
0.13616E
0.16142€
0.14669E
0.15196E
0.15722¢
0.16249E
0.16776E
0.17303E
0.17829E
0.18230€
0.18501F
0.18772E
0.19045E
0.1931 7€
0.19588E
0.19860€E
0.20131E
0.20402¢€
0.20673E
0.20945E
0.2121 7€
0.21490E
0.21761E
0.22032E
0.22304E
0.22575¢€
0.22846¢%
0.23117¢
0.23390E
0.23663E
0.23934E
0.24205E
0.24476E

XV0= 4.600

RHO=

0.07296

swk D] SCRETE HOLF RIG *%*x MAS=3-14336

CP= D.242
P/D= 5

UNCERTAINTY IN F=0.03027 IN RATIO

HIGH RE, STEP T-WALL AT 1S7T PLATE.

07
07
07
07
07
07
07
017
07
07
07
07
07

10
103.5
103.5
103.5
103.5
103.5
103.8
103.6
103.6
103.6
103.6
103.5
103.5
103.1
102.9
103.6
103.8
104.0
103.5
103.8
104.1
103.8
104.0
103.7
103.7
102.4
102.9
103.7
104.0
108 .5
104.4
104.2
104 .0
103.9
103.1
103.6
103.1

REENTH
0.10459€
0.31052E
0.51165E
0.70897E
0.89973€F
0.10849€E
0.12658E
0.14420¢E
0.16159E
0.17899€
0.19616E
0.21305E
0.22487E
0.23139€
0.23759E
0.24357€
0.24933€
0.25517E
0.26103E
0.26661E
0.27228E
0.27797E
0.28346E
0.28895€
0.29432€E
0.29975E
0.30542E
0.31095F
0.31660E
0.32220F
0.32761E
0.33294E
0.33815€
0.34341E
0.34873E
0.35402¢E

03
03
03
03
03
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04

STANTON NO

0.39714E-02
0.33502E~02
0.32989E-02
0.31598E-02
0.30206E-02
0.29460€-02
0.28552E- 02
0.27563E-02
0.27358E-02
0.27316E-02
0.256369€E~02
0.25764E-02
0.24726E-02
0.23230€-02
0.22435€-02
0.21642F~02
0.20767E-02
0.222328-02
0.20886€-02
0.,20262E-02
0.21499E~02
0.20402€~-02
0.19975E-~02
0.20511€-02
0.18984E-02
0.21020E-02
0.20733E-02
0.20028E-02
0.21560E~-02
N.19668E-02
0.20183E-02
0.19060E~-02
0.19312E-02
0.19441E-02
0.19698E-02
0.19242€E-02

DST
0.692E-04
0.5648E~04
0.645E-04
0.635FE~04
0.6276-04
0.621E-04
0.615E-04
0.610E-04
0.609E-04
0.609E-04
0.606E-0%
0.601E-04
0.429E-04
0.438E-04
0.429E-04
0.413E-04
0.404E-04
D.4245-04
0.398E-04
0.386E~04
0.406E-04
0.402E-04
0.398E-04
0.417E-04
D.400E-04
0.422E-04
0.412E-04
0.399€-04
0.413E-04
0.399E-04
0.398E-04%
0.389E~-04
0.390F-04
0.390E-04
0.413E-04
0.448F-04

VISC=

DREEN
2.

3. 0.10
4. 0.
5. 0.
S. 0.09
7. 0.
7. 0.
8. 0.
8. 0.
B. 0.10
9. 0.
9‘ o.

10.
10.
10'
10.
10.
10.
,.0.
10.
1o0.
10.
1o0.
10,
10'
10.
10.
10.
10.
1J.
19.
10.
lo'
10.
10.
10.

0.16869E-03

M F

0.0033
09 0.0029
10 0.0033
0.0030
10 0.0033
09 0.0028
10 0.0031
09 0.J3030
0.0033
0.0030
0.0033

09
10

T2

83.4
83.8
83.7
84.0
83.7
84.2
84.0
84.3
84.0
84.3
84.3

PrPx0,T15

THETA

0.152
0.169
0.1563
0.174&
0.163
0.186
0.178
0.187
0.177
0.199
0.191

DTH

0.011
0.011
0.011
0.211
0.011
0.011
0.011
0.011
0.011
0.011
0.011



LSt

STANTON NUMBER DATA RUN 070573

TINF=

84.1

UINF= 53,2
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=44.700

**% DISCRETE HOLE RIG *%%x NAS-3-14336

XV0= 4.600

UNCERTAINTY IN REX=25812,

*E M=

PLATE

0.l

X
50.30
52.30
54.30
56.30
58.30
60.30
62.30
64.30
66430
68.30
70.30
72.30
73.82
74.85
75.88
76,91
77.95
78.98
80.01

. 8l.04

82.07
83.10
84.13
85.16
86.20
87.23
88.26
8%.29
90.32
91.35
92.38
93.41
9% .45
95.48
96.51
97.54

REX
0.11796E
0.12312E
0.12829E
0.13345€
0.13861E
0.14377E
0.14894E
0.15410F
0.15926EF
0.16442E
0.16959€
0.17475E
0.1786 TE
0.18133¢
0.18399¢F
0.18666E
0.18933E
0.19199€
0.19465E
0.19731E
0.19997E
0.20262€
042052 €E
0.20795€
0.21063E
0.21329€
0.21594F
0.21860E
0.22126F
0.22392€
0.22658E
0.22925€
0.23192E
0.23458E
0.23724F
0.23990E

HOT RUN, HIGH RE,

07
07
07
07
07
07
07
o7
07
07
o7
07
07
o7
07
07
07
07
07
07
o7
07
07
07
07
07
07
07
7
o7
07
07
07
07
07
07

T0

108.8
109.0
108.9
109.0
108.9
109.1
108.0
109.0
109.1
109.0
109%.1
109.4
108.4
108.1
108.8
108.6
108.8
108.8
108.7
108.8
108.7
108.7
108.7
108.8
108.0
107.6
1087
109.0
108.5
109.0
109.90
108.7
108.7
108.0
108 .4
107.9

RHO= 0.07218

CP= 0.242
P/D= 5

UNCERTAINTY IN F=0.03028 IN RATIO

REENTH
0.95738E
0.32633E
0.58545E
0.83782¢
0.10891E
0.13352E
0.15676E
0.17944E
0.20210E
0.22472€
0.24745E
0.27034E
0.28491F
0.29022E
0.29532E
0.30039E
0.30545¢€
0.31046€
0.31547E
0.32044E
0.32549E
0.33058E
0.33549E
0.34038E
0.34524F
0.35020¢€
0.35525€E
0.36016E
0.36508E
0.37004E
0.37501E
0.37990E
0.28471E
0.38955E
0.39445E
0.39939¢

02
03
03
03
04
04
04
04
04
04
04
04
04
04
04
04
04

04

04
04
04
04
04
04
04
04
0%
04
04
04
04
04
04
04
04
04

STEP T-WALL AT 1ST PLATE.

STANTON NO
0.37091€-02
0.29765E-02
0.28329E-02
0.,26686E-02
0.251 33E-02
0.24249E-02
0.23496E-02
0.22117E-02
0.21576E-02
0.21158E-02
0.20422E~02
0.19235E-02
0.20557€E~02
0.19340E-02
0.18950€E-02
0.191 74E-02
0.18830€E-02
0.1880LE-02
0.18878E-02
0.18482E-02
0.19455€-02
0.18782E-02
0.18125€~02
0.18608E-02
0.17905€E-02
0.19317E-02
0.18628F~02
0.18297€E-02
0.186 T0E-02
0.18601E-02
0.18T746E-02
0.18008E-02
0.18124€-02
0.18245E-02
0.18572E-02
0.18520E-02

DST
0.652E-04
0.5602E-04
0.596F-04
0.585€E-04
0.579E-04
0.570E-04&
0.568E-04
0.562E-04
0.55BE~04
0.557E-04
0.553E-04
0.542E-04
0.364E-04
0.382E-04
D.381€E-04&
0.380E-04
0.376E-04
0.378E-04
0.369E-04
0.362F-04
0.379E-04
0.380E-04&
0.373E-04
0.387E-04
0.378E-04
0.397E-04
0.385E~04
0.375E-04
0.375E-04
0.383E-04
0.380E-04
0.375E-04
0.374E-04
0.372E-04
0.397E-04
0.4305-04

VISC= 0.17163E-03

DREEN
#.
5.
6e
7.
a.
9.
9.

10.
11.
11l.
12,
12.
12.
124
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
13.
13.
13,
13.
13.
13.
13.
13.
13,

M

n.10
0.09
0.10
0.10
0.10
0.08
0‘10
0.09
0.10
0.08
0.10

E

0.0032
0.0028
0.0032
0.9031
0.0034%
0.2026
0.0031
0.0028
0.0031
0.0027
0.0031

T2

101.4
101.9
101.9
102.1
101.4
102.5
102.8
102.9
103.4
104.5
105.6

PR=0.714

THETA

0.695
0.716
0.717
0.727
0.591

0.740

0.750
N.752
0.774
0.816
0.852

NTH

0.012
0.212
0.012
0.012
0.012
0.012
0.013
0.013
0,013
0.013
0.013



8sT

FOLLOWING 1S THE DATA FOR THETA=0 AND THETA=1l, WHICH WAS DOBTAINED BY LINEAR SUPERPOSITION THEQRY,

THIS DATA WAS PRODUCED FROM RUN 073073
FOR THE DETAIL CHANGES OF PROPERTIES AND BOUNDARY CONDITIONS, PLEASF SFF THF ABOVE TWO RUNS

PLATE

[ ol el el sl ol sl =
COUONOMPWNOOOJOVNP WN -

NN
N r

NN NNN
=NV IW

WuWwwnN
WR =0V

w W e
owny

REXCOL

1203538.0
1256209.0
1308880.0
1361552.0
1414223.0
1466894.0
1519565.0
1572237.0
1624908.0
1677579.0
1730250.0
1782922.0
1822952.0
1850078.0
1877203.0
1904460.0
1931718.0
1958844.0
1985969.0
2013095.0
2040221.0
2067347.0
2094472.0
2121729.0
2148987.0
2176113.0
2203238.0
2230364.0
2257490.0
2284616.0
2311741.0
2338998.0
236625640
2393382.0
2420507.0
2447633.0

RE DEL2

104.6
300.2
481.8
659.5
830.3
995.9
1157.4
1314.1
1468.2
1622.1
1773.0
1920.0
2028.2
2096 .6
2161.7
2224.0
2283.5
2344.1
2404.9
2462.3
2520.6
2579.1
2635.3
2691.9
2T46.7
2802.2
2860.5
2917.5
2975.9
3033.5
3088.6
3143.0
3196.0
3249.6
3303.7
3357.4

ST{TH=0)

0.003971
0.00345%
0.003443
0.00330%
0.003181
0.003107
0.003025
0. 002926
0.002928
0.002914
0.002817
0.002765
0.002600
0.002442
0.002350
0.002240
0.002136
0.002328
0.002150
0. 002081
0.002212
0. 002090
0. 0020 54
0.002109
0.001932
0.002154
0.0021 38
0.00205%6
0. 002245
0.00199%
0.002062
0.001938
0.001968
0.001981
0. 002004
0.001946

REXHOT

1179611.0
1231235.0
1282859.0
1334483.0
1386107.0
1437732.0
1489356.0
1540980.0
1592604.0
1644228.0
1695852.0
1747476.0
1786711.0
1813297.0
1839884.0
1866599.0
1893314.0
1919901.0
1946487.0
1973074.0
1999660.0
2026247.0
2052833.0
2079548.0
2106264.0
2132850.0
2159437.0
2186023.0
2212610.0
2239196.0
2265783.0
2292498.0
2319213.0
2345800.0
2372386.0
2398973.0

AND RUN 070573

RE DEL2

9B.7
346.%
639.6
492269
1206.5
1487.0
1749.6
2001.4
2253.0
2502.5
2750.5
2996.1
3147.4
3195.8
3242.5
3289.7
3337.7
3384.7
3431.6
3479.2
3527.4
357642
3623.2
3669.9
3716.8
3764.7
3813.0
3859.9
3906.4
3953.7
4001.9
4049.4
4096.1
4143.1
4190.8
4239,.1

ST(TH=1)

0.003709
0.702767
0.002591
0.002418
0.002263
0.002121
0.002112
0.00197¢
0.001904
0.001882
0.001868
0.001778
0.001872
0.001763
0.001742
0.001809
0.001798
0.001729
0.001800
0.001770
0.001856
0.001807
0.001731
0.001777
0.001743
0.9n1857
0.001770
0.001754%
0.001740
0.001813
0.001811
0.001755
0.001760
0.001772
0.001808

0.001820

ETA

wuuy
0.199
N.248
0.268
0.289
0.317
0.302
0.325%
0.350
0.354
0.337
0.357
0.280
0.278
0.259
0.192
0.158
9.257
0.163
0.149
0.161
0.135
0.157
0.157
0.09¢P
0.138
0.172
0.147
0.225
0.093
0.122
0.095
0.10%
0.105
0.098
0.065

STCR

uuusy
0.898
1.002
1.036
1.053
1.075
1.086

1.08%

1.115
1.137
1.124
1.125
1.073
1.017
0.987
0.948
0.912
1.001
0.932
0.908
0.972
0.924%
0.915
0.945
0.871
0.977
0.975
0.943
1.035
0.927
0.961
0.938
0.927
0.937
0.953
0.930

F-COL

0.0000
0.0733
0.0029
0.0033
0.0030
0.0033
0.0028
0.0031
0.0030
0.0033
0.0030
0.0033

STHR

AUV
0.985
0.980
0.953
0.920
0.885
0.901
0.858
0.842
0.845
0.850
0.820
0.872
0.826
0.820
0.857
0.856
0.828
0.866
0.856
0.902
0.882
0.849
0.875
0.862
0.922
0.883
0.878
0.875
0.915
0.918
0.892
0.899
0.908
0.929
0.939

F-HAT

0. 0000
0. 0032
0.0028
0.0032
0.0031
0.0034
0. 0026
0.0031
0.0028
0. 0031
0.0027
0.0031

PHI-1

(LI
1.487
1.440
1.496
1.462
1.479
1.376
1.428
1.363
1.432
1.383
1.620



6ST

STAMTON NUMBER DATA RUN 072973

TINF=

777

UINF=

53,2

UNCERTAINTY IN REX=26451.

Bk M=0,2,

PLATE

-
QCODNOWMPVWNN

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

27
28
29
30
31

33
34
35
36

X
50.30
52.30
54.30

56430

58.30
60.30
62.30
64.30
66.30
68.30
70.30
72.30
73.82
14.85
75.88
76.91
77.95
78.98
80.01
81.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
89.29
90.32
91.35
92.38
93.41
94.45
95.48
96.51
97.54

COLD RUN,

REX
0.12088E
0.12617€
0.13146E
0.13675E
0.14204E
0.14733F
0.15262E
0.15791¢€
0.16320€
0.16850E
0.17379E
0.17908E
0.18310E
0.18582E
0.18855E
0.19128E
0.19402E
0.19675€
0.1994TE
0.20219E
0.20492E
0.20764E
0.21037E
0.21311€
0.21584E
0.21857€
0.22129E
0.22402E
0.22674E
0.2294 7€
0.23219€
0.23493E
0.23767E
0.24039E
0.24311E
0.24584E

HIGH RE,

07
07
o7
01
07
07
07
07
07
07
07
07
07
07
07
o7
07
07
07
07
o7
o7
07
07
07
07
07
or
07
07
07
07
07
07
07
07

™
100.6
100.6
100.6
100.6
100.6
100.6
100.6
130.6
100.7
100.6
100.6
100.7
99.9
99.7
100.6
100.8
10l.1
100.7
101.0
10L.3
101.0
101.2
101.0
101.0
99.6
100.2
100.9
10L.2
100.7
101.5
101.4
101.1
101.0
100.3
100.8
100.2

*x% D] SCRETE HOLE RIG *=**x NAS-3-14336

XV0= 4,600
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=44.700

RHO= 0.07321

CP= 0.242
P/D= 5

UNCERTAINTY IN F=0.03027 IN RATIO

REENTH
0.10533¢
0.32113¢
0.54358E
0.76611E
0.98322E
0.11934E
0.13989E
0.16013E
0.18002E
0.19973E
0.21929E
0.23864E
0.25196E
0.25904F
0.26565E
0.27192¢€
0.27787E
0.28384E
0.28976E
0.29537E
0.30104E
0.306T1E
0.3121T7E
0.31763E
0.32302€
0.32854E
0.33420€E
0.33968E
0.34533E
0.35095E
0.35637¢
0.36170E
0.36695E
0.37226F
0.37758E
0.38291¢

03
03
03
03
03
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
0%
04
04
04
04
04
04
04
04
04
04
04
04

STEP T-WALL AT 1ST PLATF,

STANTON NO
0.39819E-02
0.35832E-02
0.36436E-02
0.35372E-02
0.338T9E-02
0.22861€-02
0.31704E-02
0.30941E-~02
0.30467E-02
0.30372E-02
0.30051E-02
0.29064E-02
0.26925E-02
0.24939E-02
0.23569€E~02
0.22362E-02
0.21285E-02
0.22458E-02
0.20953€-02
0.202 16E-02
0.21312€E-02

0.20287E-02°

0.19765E-02
0.20241E-02
0.19288E~-02
0.21156€~02
0.20336F-02
0.19906E-02
0.21466E-02
0.19731€-02
0.20016E-02
0.19060E-02
0.19482E-02
0.19411E-02
04196 26E-02
0.19459E-02

0sT
0.716E~-04
0.686E~04
0.691E-04
0.5682E-04
J.673E-04
0.664E-04
0.557E-04
0.652E-04
0.648E-04
0.650E~04
0.64TE-04
0.638E-04
0.470E~04
0.473E-04
0.454E-04
0.432E-04
0.419E-04
0.435E-04
0.406E-04
0.392E-04
0.411E-04
0.408E-04&
0.402E-04
0.421E-04
0.411E-04
0.431E-04
0.414E-04
0.404F-04
0.419E-04
0.406E~04
0.403E-04
0.397E-04
0.399E-04
0.397FE-04
0.420€E-04
0.460E-204

VISC= 0.16757€-03

DREEN
2.
b4
5.
Te

9'

9. .
lo.
11.
ll.
12.
13.
13.
13.
13.
13.
13.
13,
13.
13.
13.
13,
13,
13.
13,
13.
13,
13.
13.
13.
13,
14.
14,
14.
14,
l‘.

0.29
0.21
0.20
0.21
0.20
0.21
0.29
0.20
0.20
0.20
0.20

£

0.0066
0.0067
0.0065
0.0067
0.2085
0.0067
0.0066
0.3066
0.0266
0.0066
0.0066

T2

79.8
79.7
80.0
79.9
79.9
80.1
80.?2
80.1
80.1
80.0
80.3

oR20,715

THETA

0.090
0.088
0.098
0.1796
0.996
0.102
0.107
0.103
0.104
0.101
0.112

DTH

0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
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STANTON NUMBER DATA RUN 070873

TINF=

81l.5
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=44.700

UINF=

52.5

«*%x DISCREYE HOLE RIG *%%x NAS-3-14336

XV0= 4.600

UNCERTAINTY IN REX=25777.

¥ M=

PLATE

Ve~NrnPwNm-

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
a3
34
35
36

O.Zv

X
50.30
52.30
54.30
56.30
58.30
60.30
62.30
64.30
66.30
68430
70.30
72.30
73.82
T4.85
75.88
76.91
17.95
78.98
80.01
81.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
89.29
90.32
91.35
92.38
93.41
94.45
95.48
96.51
97.5%

REX
0.11780E
0.12296E
0.12811E
0.13327E
0.13842E
0.14358F
0.14873E
0.15389E
0.15905€
0.16420E
0.16936E
0.17451E
0.17843E
0.18108E
0.18374E
0.18641E
0.18908E
0.19173E
0.1943GF
0.19704E
0.19970E
0.20235E
0.20501E
0.20757€
0.21034E
0.21300€E
0.21565E
0.21831€
0.22096E
0.22362E
0.2262 1€
0.22894E
0.23161€
0.23426E
0.23692€
0.23957%

HOT RUN, HIGH RE,

07
o7
07
07
07
07
07
07
0r
o7
o7
07
07
07
Q7
07
o7
07
07
(14
07
o7
07
07
07
07
07
07
o7
07
07
07
07
07
07
07

T0
106.2
106.2
106.2
106.3
106.3

106.2

106.3
106.2
106.2
1063
106.0
106.1
105.7
105.5
106.1
106.0
106.3
106.3
106.1
106.2
106.2
106.2
106.1
106 .4
105.7
105.3
106.2
106.3
105.9
106.3
106 .4
105.8
106.0
105.4
105.7
105.2

RHO= 0.07272

CP= 0.242
P/O= 5

UNCERTAINTY IN F=0.03029 IN RATIO

REENTH
0.97551E
0.46963E
0.10035E
0.15065€
0.19748€
0.24382E
0.28897E
0.33210€
0.37511¢
0.41878E
0.46207€
0.505 15E
0.52980€
0.53435E
0.53872E
0.54304€
0.54732€
0.55152¢
0.55574E
0.55996E
0.56421E
0.56852E
0.57271E
0.57687E
0.58100€
0.58512€
0.58932€
0.59355€
0.59785E
0.60222€
0.60656E
0.61084E
0.61510€
0.61934E
0.62363E
0.62799E

02
03
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04

STEP T-WALL AT 1ST PLATE,

STANTON NO
0.37844E-02

" 0.28529E-02

0.26727E-02
0.245 89E-02
0.22755€-02
0.21128E-02
0:20358E-02
0.18799E-~02

0.17950€-02

0.17717€-02
0.16633€-02
0.15575E-02
0.17524E-02
0.16696E-02
0.16197€-02
0.16338E-02
0.15860€-02
0.15735E=-02
0.16044F-02
0.15673E-02
0.16322€-02
0.16055€-02
0.15520€-02
0.15T65€E-02
0.15285E-02
0.15760E-~02
0.15847€-02
0.15958E-02
0.16361E-02
0.16534E-02
0.16144F-02
0.16074E-02
0.15940E-02
0.15929€-02
0.16381E-02
0.16413€-02

pST
0.562E-04
0.601E-04
D.591E~04
0.579E-04
0.570E-04
0.564E-04
0.558E-04
0.554E-04
0.551E-04
0.549E-04
0.551E-04
0.545€E-04
0.329E-04
0.353E-04
0.351E-04
0.348E-04
0.344E-04
0+344E-04
0.337E-04
0.330E-04
0.344F-04
0.350E-04
0.344E-04
0.354F-04
0.348E-04
0.356E-04
0.353E-04
0.349E-04
0.350€-0%
0.361€-04
0.354E-04
0.357E-04
0.352E-04%
0.348E-04
0.375E-04
0 404E-04

VISC= 0.16982E-03

DREEN
2.
1.

12,
15.
17.
19,
2t.
23.
2he
26.
27.
28.
29.
29.
29.
29.
29.
29,
2%.
29.
29.
29'
29.
29,
29.
29.
29,
29.
29.
29.
29-
29.
29.
29.
29.
29.

0.23
0.21
0.21
0.18
0.21
0.18
0.19
0.18
0.20
0.18
0.19

F

0.0074
0.0070
0.7067
0.0060
0.3069
0.0058
0.0060
0.0059
0.0065
0.0059
0.0063

T2

107.6
107.8
107.5
108.2

108.1
108.6
108.2
108.1
108.1
109.2

PR=0.714

THET

1.153
1.061
1.050
1.077
1.037
1.J70
1.997
1.079
1.073
1.084
1.126

nTH

0.015
0.015%
0.915
0.015
0.015
0.015
0.015%
0.015
0,015
0,015
0.01%



191

FOLLOWING IS THE DATA FOR THETA=0 AND THETA=1, WHICH WAS OBTAINED BY LINTAR SUPERPISITION THEORY.
THIS DATA WAS PRODUCED FROM RUN 072973 AMD

FOR THE DETAIL CHANGES Of PROPERTIES AND BOUNDARY CONDITIONS,

PLATE

IN Pt e (ot 00 e Pt bt ot s
CVWOONCVMPUNFOVOE~NTMPWN -

N
[

NNNNN
ocownPswnNn

whNNN
OOV®~

www
(TR

www
AR

REXCOL

1208827.0
1261729.0
1314632.0
1367535.0
1420437.0
1473340.0
1526243.0
1579146.0
1632048.0
1684951.0
1737854.0
1790756.0
1830963.0
1858207.0
1885452.0
1912829.0
1940206.0
1967451.0
1964696.0
2021941.0
2049186.0
2076431.0
2103676.0
2131053.0
2158430.0
2185675.0
221252040
2240165.0
2267410.0
2294655.0
2321900.0
2349277.0
2376654.0
2403899.0
2431144.0
2458389.0

RE DEL2

105.3

307.2

502.5

697.7

886.7
1069.3
1246.5
1418.8
1588.2
1756.3
1923.3
2087.3
2206.1
2279.4
2347.7
2412.2
2473.3
2534.7
2595.5
2653.0
2711.0
2769.0
2824.8
288046
2935.7
2992.2
3050.2
3106.2
3163.9
3221.3
3276.5
3330.7
3384.2
3438.2
3492.4
3546.6

ST{TH=0)

0.003382
0.003651
0.003732
0.003648
0.003497
0.003406
0.003291
0.00322%
0.003179
0.003173
0.0031 43
0.003056
0.002789
0.002578
0.002433
0. 002298
0. 0021 84
0. 002315
0. 002146
0.002068
0.002182
0. 002072
0.002020
0.002070
0. 001970
‘0.002171
0.002080
0.002031
0.002199
0. 002006
0.002041
0.001937
0.001985
0.001977
0.001996
0.001977

REXHOT

1178016.0
1229571.9
1281125.0
1332679.0
1384234.0
1435788.0
1487342.0
1538897.0
1590451.0
1642006.0
1693560.0
1745114.0
1784296.0
1810846.0
1837397.0
1864076.0
189C755.0
1917306.0
1943856.0
1970406.0
1996957.0
2023508.0
2050C58.0
2076737.0
2103417.0
2129967.0
2156518.0
2183068.0
2209619.0
2236169.0
2262720.0
2289399.0
2316079.0
2342629.0
2369179.0
2395730.0

RUN 070873

RE DEL2

97.6
463.5
975.9

1462.4
1913.9
2362.3
2799.9
3210.9
3619.6
4037.0
445043
4855.1
5086.3
5133.6
5178.9
5223.5
5267.4
5310.6
5354.0
5397.1
5440.6
548&.6
5527.4
5569.8
5612.0
5654.2
5697.2
5740.3

0 X057 84.1

5828.7
5872.8
5916.4
5959.6
6002.6
6046.2
6090.5

ST{TH=1)

0.002784
0.002893
0.002734
0.002516
0.002363
0.00215%
0.002118
0.001999
0.001896
0.001868
0.001777
0.001726
0.001823
0.001732
0.001675
0.001679
0.001627
0.001624
0.001641
0.001602
0.001670
0.001637
0.001584%4
0.001610
0.001559
0.001617
0.001619
0.001626
0.001675
0.001678
0.001 644
0.001630
0.001621
0.001619
0.001663
0.001664

£TA

uuuuy
0.208
0.267
0.310
0.324
0.366
0.356
0.380
0.403
0.411
0.434
0.435
0.346
0.328
0.311
0.269
0.255
0.298
0.235
0.22¢
0.235
0.210
0.216
0.222
0.209
0.255
0.222
0.200
0.238
0.164
2.195
0.158
0.183
0.181
0.167
0.158

STCR

Gy
0.950
1.087
1.144
1.159
1.180
1.183
1.196
1.212
1.239
1.255
1.244
1.152
1.074
1.022
0.974
0.933
0.996
0.930
0.903
0.960
0.917
0.900
0.928
0.889
0.985
0.949
0.933
1.015
0.931
0.952
0.908
0.935
0.936
0.950
0.945

PLEASE SEF THF ABDVE TWd RUNS

F-COL

0.0000
0.0066
N.0N67
0.0065
0.0067
0.0065
0.0067
0.0066
0.0066
0.0056
0.0066
0.0066

STHO

BRIV (BI1 V)
1.029
1.033
0.991
0.961
0.501
0.203
0.869
0.838
0.838
0.809
0.7956
0.849
0.811
0.789
0.795
0.775
0.777
0.790
0.774
0.811
0.799
0.777
0.793
0.771
0.803
0.807
0.814
0.842
0.R47
0.833
0.829
0.827
0.829
0.855
0.858

F-HOT

0. 0000
0.007%
0.0070
0. 0067
0.0060
0.0057
0.13058
0.0060
0.0059
0.0065
0,0059
0.0063

PHI~-1

gy
2,075
2.079
2.327
1.927
2006
1.877
1.883
1.851
1.944
1.836
1.891
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STANTON NUMBER DATA

TINF=

%k M=

PLATE

VO~NCWMPWN -

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

8l.

0.3,

X
50.30
52.30
54,30
56.30
58.30
60.30
62.30
64.30
66.30
68.30
70. 30
72.30
73.82
74.85
75.88
76.91
77.95
78.98
80.01
81.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
89.29
9C.32
91.35
92.38
93.41
94.45
95.48
96.51
97.54

0 UINF= 52.8
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=244,700
UNCERTAINTY IM

COLD RUN,

REX
0.11836E
0.12355E
0.12873E
0.12391¢
V.13909E
0.14427E
0+14945E
0.15463E
0.15981E
0.16499E
0.17017E
0.17535E
0.17928E
0.18195€
0.18462F
0.18730€
0.18998E
0.19265€
0.19532E
0.19798E
0.20065E
0.20332E
0.20599E
0.20867E
0.21135€
0.21402F
0.2166 8E
0.21935¢€
0.22202E
0.22469E
0.22735E
0.23003E
0.23272E
0.2353 8¢
0.23805E
0.24072E

RUN 072773

HIGH RE,

07
07
07
07
07
07
o7
07
a7
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
017
07
07
07
07
07
07
07
07
07
97
07

REX=25900.

T0
104.3
104.2
104.2
104.3
104.3
104.3
104.2
104.2
104.2
104.3
104.2
104.2
103.0
102.9
103.9
104.1
104.3
104 .1
104.3
104 .5
104.3
104.6
104 .4
104.3
103.4
103.8
104 .4
104.6
104.2
104.9
104.7
104.6
104.6
103.7
104.1
103.5

XV0= 4.600

*xx DISCRETE

RHO=

HOLE RTG **x NAS-3-1433¢C

0.07246

CP= 0,242
P/D= &

UNCERTAINTY IN F=0.03028 IN RATIO

REENTH
0.10103E
0.32125E
0.56348E
0.80875¢E
0.10481LE
0.12804F
0.15109E
0.17384E
0.19612E
0.21814€
0.23988E
0.26119E
0.27533F
0.28218E
0.28845€
0.29434E
0.29992E
0.30543€E
0.31087E
0.31606E
0.32127€
0.32647E
0.33144F
0.33646E
0.34145€
0.34653E
0.35175E
0.35680E
0.36197F
0.36713E
0.37214F
0.37708E
0.38191E
0.38682E
0.39179E
0.39676E

03
03
03
03
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
0%
04

STEP T-WALL AT 1ST PLATE.

STANTON NO
0:39009€E-02
0.36663E-02
0.38311F-02
0.37606E-02
0.35840F-02
0.35202€-02
0.34100€E-02
0.33030F-02
0.32387€-02
0.32203€-02
0.31445E-02
0.30343E-02
0.26905F-02
0.24355€E-02
0.226 03F-02
0.21492F-02
0.20349F-02
0.20881E-02
0.19860E-02
0.189 79F-02
0.20072E~-02
0.18828E-02
0.18394E£-02
0.19231E~02
0.181385-02
0.19898E-02
0.19182FE-02
0.18638E-02
0.20087%-02
0.18500F-02
0.18995€~02
0.17998E-02
0.18230E-02
0.1R530E-02
0.18634€-02
0.18584E-02

OsT
0.T705E-04
0.690E-04
0.703E-04
0.696E-04
0.683t-04
0.678E-04
0.6T2E-04
0.665E-04
0.661E-04
0.659FE-04
0.6565-04
0.649E-04
0.472F-04
0.4TOE-04
0.446E-04
0.424E-04
0.4106-04
0.418E-04
0.395E-04
0.381E-04
0.399F-04
0.393E-04
0.389E-04
0.409E-04
0.396E-04
0.416F-04
0.402F-04
0.391E-04
0.404E-04
0.394F~-04
0.394E-04
0.387E-04
0.387E-04
0.389E-04
0.413E-04
0.454E-04

VISC= 0.17002E-03

DREEN
2.
4.
7.
8.

10.
11.
12.
13,
14,
14,
15.
16.
16.
16.
16.
16.
16.
16.
16.
17.
17.
17.
17.
17.
17.
17.
17.
17.
17.
17.
17.
17.
17.
17.
17.
17.

0.31
0.31
0.32
0.31
0.31
0.31
0.31
0.31
0.31
0.31
0.31

F

0.01 02
0.27101
0.0102
0.0101
0.0101
0.0100
0.0100
0.0100
0.01 00
0.0100
0.0100

T2

83.1
83.1
83.2
83,2
83.1
83 .4
83.4
83.4
83.4

23,3

83.4

PR=0,T16

THETA

0.092
0.991
0.234
0.093
0.092
7.104
0.104
0.103
2.102
0.101
0.104

DTH

0.011
0.011
N.I11
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
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STANTON NUMBER DATA RUN 070972
TINF=

80.0

UINF=

52.7

UNCERTAINTY IN REX=25974.

¥ M=

PLATE

-
CUOB~OWVIWNM

1l
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

0-30

X
50.30
52.30
54.30
56.30
58.30
60.30
62.30
64.30
66.30
68.30
70.30
72.30
73.82
T4.85
75.88
76.91
77.95
78.98
80.01
81.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
89.29
90.32
91.35
92.38
93.41
94.45
95.48
S6.51
97.54

HOT RUN,

REX
0.11870€
0.12390E
0.12909E
0.13429¢
0.13948E
0.14468E
0.14987E
0.15507€

0.16026E

0.16545€
0.17065E
0.17584E
0.17979E
0.18247E
0.1851 4E
0.18783E
0.19052¢
0.19319E
0.19587¢
0.19855E
0.20122E
0.20390¢
0.2065 7€
0.20926E
0.21195E
0.21462€
0.21730¢
0.21997E
0.22265E
0.22552E
0.22800E
0.2306SE
0.2333¢E
0.23605F
0.23873F
0.24140F

HIGH RE,

07
07
07
07
o7
07
07
07
07
07
07
07
07
07
07
07
07
07
o7
07
07
07
07
07
07
07
07
7
n7
07
07
07
07
07
07
07

TO

107 .2
107.1
107.3
127.3
107.1
107.2
107.0
1071
107.1
107.2
107 .0
107.1
106.8
106.5
107.1
107.1
107.3
107.3
107.2
107.3
107.2
107.1
107.1
107.2
106.5
106.0
107.0
107.1
106.7
107.1
107.1
106 .5
106.6
106.0
10643
105.8

*%% DISCPETE HOLE RIG *%x NAS-3-~14136

XV0= 4.600
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=44,700

RHO= 0.07274

CP= 0.242
P/D= 5

UNCERTAINTY IN F=0.03028 IN RATIO

REENTH
0.97674E
0.53160€
0.12260€
0.19245E
0.26151F
0.32941F
0.39455E
0.45893E
0.52169F
0.58640E
0.65242E
0.T1595E
0.T4956F
0.T5353E
0.T5734F
0.76106E
0.764T4E
0.76835E
0.77197€E
0.77556E
0.77919¢
0.78289E
0.7B8651E
0.79011E
0.79371¢
0.79732F
0.80101E
0.80475E
0.80860E
0.81252F
0.81641E
0.82028E
0.82414F
0.82801F
U.33195F
0.33596E

02
03
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
0%
04
04
04
04
0%
04

STEP T~WALL AT 1ST PLATE.

STANTON NO
0.37604E-02
0.29231€E-02
0.27180E-02
0.24890E-02
0.22335E-02
0.21085€~02
0.19442E~02
0.18190E-02
0.17582E-02
0,171 76F-02
0.16126E-02
0.15429E-02
0.15136E-02
0.14529E-02
0.13917€E-02
0.13876E-02
0.13550E-02
0.134 TLE-02
0.13543€-02
0.13224€E-02
0.13893E-02
0.13750€-02
0.13288E-02
0.13613E-02
0.13249€-02
0:L3693E-02
0.13883€-02
0.14047TE-02
0.14678F-02
0.14596E-02
0.14425E-02
0.14475€-02
0.14390E-02
0144 76E-02
D.14963E-02
0.14946E-~02

DST
0.601E~-04
0.553E-04
0.539E-04
0.528€E-04
0.521E-04
0.513E-04
0.509€-04
0.504E-04
0.501E-04
0.499F-04
0.498E-04
0.493E-04
0.281E-04
0.307E-04
0.3064%-04
0.300E-04
0.298F-04%
0.298E-04
0.289F-04
0.283F-04
0.,296E-04
0.304E-04
0.300E~04
0.311E-04
0.306E-04
0.313E-04
0.312E-04
0.309E-04
0.311F-04
0.320E-04
0.3156-04
0.320E-04
D.315E-04
0.312E-04
9.339E-04
0.3675-04

VISC= 0.1692)5-03

DREEN
2.

16.
21.
25.
28.
31.
34,
36.
3g.
41.
43.

44,
44,
44,
hé,
44.
44,
44,
44,
44,
44,
44,
44,
44,
46,
44,
44,
44,
44,
44,
44,
44,
44,
44,

M

0.29
0.32
0.31
0.32
0.32
0.30
0.30
0.29
0.33
0.32
0.31

E

0.0095
0.0103
C.0100
0.0103
0.3103
0.20°7
0.0096
0.709%
0.0108
0.0103
0.0101

T2

108.5
109.3
109.0
109.6
107.9
109.3
109.8
108.8
108.8
107.9
108.5

PR=N,T15

THETA

1.052
1.273
1.061
1.793
1.925
1.085
1.102
1.763
1.950
1.035
1.049

DTH

0.013
0.013
0.313
0.014
0.013
N.014
0.014%
0.013
0.71%
0.013
0.013
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FOLLOWING IS THE DATA FOR THETA=O0 AND THETA=1l, WHICH WAS ORTAINED BY LINFAR SUPFRPOSITION THEQPY.
THIS DATA WAS PRODUCED FROM RUN Q72773 . AND

FOR THE DETAIL CHANGES CF PROPERTIES AND BOUNDARY CONDITIONS,

PLATE

WRNANNNNNNRND NN e s o ot s ot s Pt
QOVUDNT VPV~ OVIYOIWNPIWNEFOLDDINOWRPWN~

Wwww
S WN -

W W
owm

REXCOL

1183649.0
1235450.0
1287251.0
1339052.0
1390853.0
1442654.0
1494454.0
1546255.0
1598056.0
1649857.0
1701658.0
1753459.0
1792828.0
1819505.0
1846182.0
1872989.0
1899796.0
1926473 .0
1953151.0
1979828.0
2006506.0
2033184.0
2059861.0
2086668.0
2113475.0
2140152.0
2166829.0
2193507.0
2220185.0
2246862.0
2273540.0
2300346.0
2327153.0
2353831.0
2380508.0
2407185.0

RE DEL2

101.0
298.9
497.6
700.1
896.7
1087.6
1274.7
1456.6
1634.2
1809.7
1983.0
2151 .6
2271 .9
2343.3
2408.5
2469.6
2527.5
2584.5
2640.7
2694 .2
2748.0
2801.5
2852.6
2904.3
2955.6
3007.9
3061.7
3113.5
3166.6
3219.4
3270.6
3321.1
3370.5
3420.7
3471.3
3522.0

ST(TH=0)

0.003901
0.003737
0.003934
0.003884
0.003710
0.003660
0.003565
0.003457
0.003397
0.003381
0.003311
0.003198
0.002810
0. 002535
0.002349
0.002227
2. 002104
0.002163
0.002050
0.001956
0.002070
0. 001934
0.001891
0.001980
0.001864
0.002053
0.001972
0. 001910
0.0020 64
0. 001890
0. 001946
0.001836
0.001862
0.001894
0.001901
0.001895

REXHOT

1187013.0
1238961.0
129090%.0
1342857.0
1394806.0
1446754.0
1498702.0
1550650.0
1602598.0
1654546.0
1706494.0
1758442.0
1797923.0
1824676.0
1851429.0
1878312.0
1905195.0
1931949.0
1958702.0
1985455.0
2012209.0
2038962.0
2065715.0
2092598.0
2119481.0
2146234.0
2172988.0
21969741.0
2226494.0
2253248.0
2280001.0
2306884.0
2333767.0
2360520.0
2387273.0
2414027.0

QUN Q70973

RE DEL2

97.7
519.8
1185.0
.1852.3
2507.5
3159.2
3786.9
4391.2
4984.4
5604.3
6242.3
6858.9
71 85.1
7226.7
T266.5
7305.1
7343.1
7380.6
T417.9
T7654.9
1492.2
7530.2
1567.3
T604.3
T7641.2
7678.3
7716.2
TT54.5
7793.8
7833.9
7873.5
7912.9
1952,2
7991.6
8031.7
B0T2.4

ST{TH=1)

0.003760
0.002963
0.002801
0.002569
0.002360
0.002146
0.002071
0.001971
0.001855
0.001812
0.001669
0.001620
0.001591
0.001517
0.001449
0.001438
0.001400
0.001396
0.0011396
0.001260
0.001430
0.001408
0.001362
0.001398
0.001357
0.001410
0.001423
0.001435
0.001503
0.001485
0.001473
0.001471
0.001 464
0.001474
0.001520
0.001518

ETA

Wl
0.207
0.288
0.339
0.364
0.414
0. 419
0.430
0.454
o. ‘6"
0.4%6
0.493
0.434
0.401
0.383
0.354
0.335
0.355
0.319
0.305
0.309
0.272
0.280
0.294
0.272
0.213
0.278
0.249
0.272
0.214
0.243
0.199
0.214
0.222
0.200
0.199

STCR

yuuvuu
0,969
1.142
1.214
1.226
1.2664
1.277
1.279
1.290
1.316
1.317
1.298
1.156
1.053
0.984
0.940
0.896
0,928
0.886
D.851
0.907
0.853
0.840
0.885
0.838
0.929
0.897
0.874
06949
0.874
0.905
0,858
0.875
0.89%
04901
0.903

PLEASE SEE THE ABOVE TWO RINS

F-COL

0.0000
0.0132
0.0101
0.0122
0.0101
0.0101
0.01900
0.01950
0.0100
0.0130
0.0100
0.0120

STHR

JBULUY
1.057
1.061
1.014
0.961
0.897
0.885
0.8%8
0.822
0.815
0.762
0.749
0.742
0.712
0.684
0.682
0.668
0.670
0.673
0.659
0.695
0.689
0.649
0.690
0.673
0.702
0.711
0.720
0.757
0.751
0.748
0.749
0.749
0.757
0.783
0.785%5

FaunT

0. 1000
0.92095
0.0103
0.0100
0.0103
0. 0103
0.0097
0.009%
0.009%
0.0108
0.0103
0.0101

PHI=-1

uyuuy
2.362
2.532
2.487
2497
2.449
2.380
2.358
2.316
2.498
2.190
2.361
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STANTON NUMBER DATA RUN 072673

TINF=

79.3
DISTANCE FROM ORIGIN OF BL JO 1ST PLATE=44.700

UINF=

51.9

**% DISCRETE HOLE RIG **% NAS-3-14336

XV0= 4.600

UNCERTAINTY IN REX=255417.

** M=0,4y COLD RUNy HIGH RE,

PLATE X
1 50.30
2 52.30
3 54,30
4 56.30
5 58,30
6 60.30
T 62.30
8 64.30
9 66430
10 68.30
11 70.30
12 72.30
13 73.82
14 74.85
15 75.88
16 76.91
17 77.95
18 78.98
19 80.01
20 81.04
21 82.07
22 83.10
23 84.13
24 85.16
25 86.20
26 871.23
27 88.26
28 89.29
29 90.32
30 91.35
31 92.38
32 93.41
33 94,45
34 95.48
35 96.51
36 97.54

REX
0.11675€
0:12186E
0.1269TE
0.13208€
0.13719€
0.14230E
0.14741E
0.15252€
0.15763€
0.16273€
0. 16784
0.17295€
0.17684€
0.17947E
0.18210€
0. 184T4€
0.18739E
0.19002€
0.19265E
0.19528E
0.19791E
0.20054€
0.2031 8€
0.20582€
0.20846E
0.21110€
0.21373E
0.21636E
0.21899E
0.22162€
0.22425€
0.22690€
0.22954E
0.2321 7€
0.23480€E
0.23743E

07
07
07
07
07
07
o7
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
o7

T0
102.7
102.8
102.8
102.8
102.8
1 02‘. 8
1027
102.8
102.9
102:.9
102.9
102.9
1o1.7
101.6
102.6
102.9
103.2
102.9
103.3
103 .4
103.3
103.5
103.2
103.2
102.1
102.6
103.1
103 .4
102.8
103.6
103 .4
103.1
103.1
102 .4
102.8
102.1

RHO= 0.07261

CP= 0,242
P/D0= 5

UNCERTAINTY IN F=0.03030 IN RATIO

REENTH
0.99173E
0.33023€
0.59744E
0.86742E
0.11322E
0.13912€
0.16491E
0.19040E
0.21532€
0.23990E
0.26413E
0.28784€
0.30312€
0.30989E
0.31607E
0.32180E
0.32716E
0.33243E
0.33759E
0.34249E
0.34T44E
0.35237¢
0.35713E
0.36193€
0.36671E
0.37162E
0.37664E
0.38153E
0.38658E
0.39163€
0.39652€
0.40138E
0.40618€
0.41103E
0.41592€
0.42085E

02
03
03
03
04
04
04
04
04
04
04
04
06
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
0%
04
04
04

STEP T-WALL AT 1IST PLATE.

STANTON NO
0.38820E-02
0.37816E-02
0.39629€-02
0.38891E-02
0371 44E-02
0.36233E-02
0.35063E-02
0.33910E-02
0.33238E-02
0.32736E-02
0.32298€-02
0.30779€-02
0.26996E-02
0.24432E-02
0.2246TE-02
0.21049€-02
0.19651E-02
0.20366E-02
0.18778E-02
0.18422€-02
0.19199€E-02
0.18222€-02
0.17923E-02
0.18452E-02
0.178 70E- 02
0.193 66E-02
0.18790E-02
0.18356E-02
0.19941E-02
0.18366E-02
0.18T97€-02
0.18068€-02
0.18387€-02
0.18410E-02
0418726E-02
0.18713E-02

osT
0.T709E-04
0.699E-04
0.712E-04
0.70BE-04
0.695E-04
0.689E-04
0.683E-04
0.672E-04
0.666E-04
0 .664E-04
D.661E-04
0.649E-04
0.471E-04
0.469E-04
0.442E-04
0.417€E-04
0.400E-04
0.409E-04
0.379€-04
0.370E-04
0.385E-04
0.383E-04
0.380E-04
0.399E-04
0.392E-04
0.407E-04
0.395E-04
0.387E-04
0.401E-04
0.393E-04
0.392E-04
0.388E-04
0.389E-04
0.387E-04
0.413E-04
0.456E-04

VISC= 0.16932€6-03

DREEN
2.
5.
B-

10.
12.
13.
15.
16.
17.
18.
19.
20.
20.
20.
20.
20.
20.
20.
20.
20-
20
zo.
20.
20.
20.
20.
21.
21.
21.
2].
21.
2l.
21.
21.
21.
21.

0.42
0.42
D41
0.42
o .‘2
0.43
042
0.42
0.42
D42
0.41

F

0.0136
0.0137
0.0134
0.0136
0.0135
0.0138
0.0135
0.0137
0.0135
0.0136
0.0134

T2

Bl.7
8l.6
81.8
81.7
8l1.8
82.0
82.0
8l.9
82.0
81.9
82.0

PR=0.716

THETA

0.101
0.097
0.103
0.101
0.105
0.112
0.113
0.110
0.112
0.108
0.113

DTH

0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
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STANTON NUMBER DATA RUN 071573

TINF=

8l.8

UINF=

52.7

UNCERTAINTY IN REX=25871.

&8 M=

PLATE

Pt s g o e o b s o
VONOVSIWNEHOOODNT NP UN -

NNNNNNNONND
OOV PUN=O

WWwwwwnN
SUN=OD

wWw
o

Oeky

X
50.30
52.30
54.30
56.30
58.30
60.30
62.30
64.30
66.30
68.30
70.30
72.30
73.82
T4.85
75.88
T6.91
171.95
78.98
80.0L
81.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
89.29
90.32
91.35
92.38
93.41
94.45
95.48
96.51
97.54

HOT RUN,

REX
0.11823E
0.12340€
0.12958E
0.13375E
0.13893E
0.14410E

0.14927E

0.15445E
0.15962E
0.16480E
0.16997E
0.17515€
0.17908¢
0.18174E
0.18441E
0.18708¢E
0. 1897T6E
0.19243E
0.19509¢
0.19776E
0.20042E
0.20309E
0.20575E
0.20843E
0.21111E
0.21377€
0.21643¢E
0.21910€
0.22176E
0.22443E
0.22709€
0.22977E
0.23245€
0.23511E
0.23778E
0.24044E

HIGH RE,

07
07
07
07
07
Q7
07
07
07
07
07
07
07
07
07
07
07
07
07
07
o7
07
07
07
07
a7
07
07
Q7
07
07
07
07
07
07
07

T8
107.1
107.0
107.0
107.0
107.1
107.0
107 .0
107.0
107.0
107.0
106.9
107.1
106.1
106.0
106.8
106.8
107.1
107.2
106.9
107.2
107.1
107.0
106.9
107.1
106.2
L05.5
106.7
107.0
106.5
106.9
107.0
106i.4
106.5
105.8
10b.1
105.6

**% DISCRETE HOLE RIG *%& NAS~3-14336

XV0= 4.600
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=44.700

RHO= 0,07269

CP= 0.242
P/D= 5

UNCERTAINTY IN F=0.03028 I[N RATIO

REENTH
0.98412E
0.64181E
0.15545¢E
0.24654E
0.33545E
0.42362E
0.51142€E
0.59691E
0.67775E
0.75908E
0.84042E
0.91844E
0.95889E
0.96273E
0.96622E
0.96954E
0.97278E
0.97592€
0.97910¢
0.98227€E
0.98543E
0,98866E£
D.99187E
0.99504F
0.99817€
0.10014E
0.10048E
0.10081E
0.10117€E
0.1L0153€
0.10188€
0.10223¢
0.10258E
0.10294F
0.10330€E
0.10366E

02
03
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
Q5
05
05
05
05
05
05
05
05
05
05

STEP T-WALL AT 1ST PLATE.

STANTON NO
0.38040E-02
0.30700€-02
0.28776E-02
0.26097E~02
0.23449E-02
0.21595E-02
0.20217€E-02
0.18369E-02
0.17217€-02
0.16359E~-02
0.151 T0E-02
0.13596E-02
0.15060€-02
0.13714E-02
0e.12461E-02
0.12430E-02
0.11859€E-02
0.11707€E~-02
0.12118€E-02
0.11616E-02
0.12055€6-02
0.12214E-02
0. 11804E-02
0.11982E-02
0.11518€E-02
0.12760E-02
0.12600€-02
0.12532£-02
0.13742E-02
0.13269€-02
0-13113€E-02
0.13220£-02
0.13164E-02
0.13403E-02
0.13706E-02
0.13872€-02

DST
0 «64TE-Q4
D.60lE-04
0.592E-04
0.575E-04
D.561E-04
0..554E~-04
0.548E-04
0.541E-04
D.536E-04
0.533E-04
0.531€-04
0.523E-04
0.295E-04
0.320E-04
0.3106-04
0.304E-04
0.299E-04
0.299E-04
0.291€E-04
0.283E-04
0.294E-04
0.307€E-04
0.302E-04
0.314E-04
0.311E-04
0.327E-04
0.320E-04
0.312E-04
0.320£-04
0.325E-04
0.320E-04
0.326E-04
0.321E-04
0.320E-04
0.347E-04
0.3T74E-04

VISC=

DREEN

2.
13.
22.
29.
34,
39.
43.
46.
49.
52.
55.
58.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
5%
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.

0.42
0.42
0.4l
0.41
044
0.43
0.39
0.40
0.43
0.43
041

F

0.0135
0.0137
0.0132
0.0134
0.0143
0.0139
0.0128
0.0129
0.0138
0.0138
0.0134

0.16980E~-03

T2

108.2
109.7
109.5
109.9
107.7
109.2
109.7
108.4
108.2
106.8
107.3

PR=20.715

THETA

1.048
1.108
1.096
lel12
1.025
1.086
1.107
1.054
1.048
0.998
1.009

DTH

0.014
0.015
0.015
0.015
0.014
0.015
0.015
0.014
0.014
0.014
0.014
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FOLLOWING IS THE DATA FOR THETA=0 AND THETA=1, WHICH WAS OBTAINED BY LINEAR SUPERPOSITION THEORY.

THIS DATA WAS PRODUCED FROM_RUN 072673
FOR THE DETAIL CHANGES OF PROPERTIES AND BOUNDARY CONDITIONS,

PLATE

OCONCRMSWN-

REXCOL

1167500.0
1218594.0
1269688.0
1320782.0
1371876.0
1422971.0
1474065.0
1525159.0
1576253.0
1627347.0
1678441.0
1729535.0
1768367.0
1794680.0
1820994.0
1847435.0
1873876.0
1900189.0
1926503.0
1952816.0
1979130.0
2005444.0
2031757.0
2058198.0
2084639.0
2110953.0
2137266.0
2163580.0
2189893.0
2216207.0
2242520.0
2268961.0
2295402.0
2321716.0
2348029.0
2374343.0

RE DEL2

99.2
296.9
499.4
706.0
907.2

1102.4
1293.1
1478.2
1659.1
1837.4
2013.9
2185.8
2307.3
2378.4
2643.2
2503.3
2559.3
2614.5
2668.3
2719.3
27709
2822.1
2871.5
2921.3
2971 .0
3022.0
3074.1
3124.8
3177.0
3229.2
3219.7
3329.8
3379.3
3429.3
3479.7
3530.5

ST(TH=0)

0.003882
0.003858
0. 004067
0.004022
01003852
0..003790
0.003676
0L 003568
0.003511
0.:0034 70
0. 003438
0. 003295
0. 002833
0. 002563
0. 002359
0. 002201
0. 002052
0..002133
0.001952
0. 001918
0. 002000
0..001889
0.:001861
0.001918
0.'001858
0. 002010
0.001948
0. 001901
0. 002063
0. 001894
0. 001943
0..001861
0. 001897
0L 001897
0. 001929
0. 001925

REXHOT

118229%.0
1234036.0
1285778.0
1337519.0
1389261.0
1441002.0
1492744.0
1544486.0
1596227.0
1647969.0
1699710.0
1751452.0
1790776.0
1817422.0
1844069.0
1870845.0
1897622.0
1924269.0
1950915.0
1977562.0
2004210.0
2030856.0
2057503.0
2084279.0
2111056.0
2137703.0
2164349.0
2190996.0
2217644.0
2244290.0
2270937.0
2291713.0
2324490.0
2351137.0
2317783.0
2404430.0

AND RUN 071573

RE DEL2

98. 4
625.9
1487.4
2333.3
3158.0
3996.4
4838.5
5635.1
6397.1
T179.8
7978.8
8757.0
9159.8
9200.2
9236.9
9271.8
9305.6
9338.5
93716
9404.5
9437.3
96470.8
9503.9
9536.7
9569.2
9602.7
9637.7
9672.2
9708.3
9745.4
9781.5
9817.5
9853.6
9889.9
9927.0
9964.6

ST{TH=1)

0.003804
0.003106
0.002993
0.002733
0.002496
0.002200
0.002153
0.002004
0.001813
0.001720
0.001513
0.001377
0.001584
0.001442
0.001312
0.001300
0.001237
0.001228
0.001256
0.001206
0.001252
0.001261
0.001221
0.001241
0.001194
0.001319
0.001301
0.001291
0.001415
0.001360
0.001349
0.001354
0.001351
0.001373
0.001404
0.001419

ETA

wuuuy
0.195
0.264
0.320
0.352
0.420
0.414
0-438
0.484
0504
0.560
0.582
0.441
0.437
0.444
0.410
0.397
0.425
0.357
0.371
0.374
0.333
0.344
0.353
0.358
0.344
0.332
0.321
0.314
0.282
0.306
0.273
0.288
0.276
0.272
0.263

STCR

Uuuuy
0.997
l.177
1.253
1.269
1.305
1,313
1.315
1.330
1.346
1.363
1.333
1.162
1.061
0,985
0.927
0.871
0.912
0. 841
0.832
0.874
0.831
0.824
0.854
0.833
0.907
0.884
0.867
0.946
0.873
0.901
0. 867
0.888
0.893
0.912
0.915

PLEASE SEE THE ABOVE THO RUNS

F-COL

0.0000
0.0136
0.0137
0.0134
0.0136
0.0135
0.0138
0.0135
0.0137
0.0135
0.0136
0.0134

STHR

(ULLEVT
1.107
1.133
1.078
1.016
0.919
0.919
0.872
0.802
0.773
0.689
0.636
0.738
0.676
0.618
0.516
0.590
0.588
0.605
0.584
0.609
0.616
0.599
0.612
0.591
0.656
0.649
0.647
0.712
0.687
0.686
0.689
0.690
0.704
0.722
0.733

F=HOT

0. 0000
0.0135
0.0137
0.0132
0.0134
0.0143
0.0139
0.0128
0.0129
0.0138
0.0138
0.0134

PHI-1

(V1LY
2.867
3.020
2.959
2.946
2.966
2.951
2.7T79
2.725
2.823
2.119
2.604
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STANTCN NUMBER DATA

TINF=

77.8

UINF= 52,1
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=44.700

RUN 071773

UNCERTAINTY IN REX=25870.

k. M=

PLATE

V@AW P WN -

10

12
13
14
15
16
17
18

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

0.5,

X
50.30
52.30
54.30
56.30
58.30
60430
62.30
64.30
66.30
68430
70.30
72.30
73.82
14.85
75.88
76.91
77.55
78.98
80.01
81.04
82.07
83.10
84.13
85.16
86,20
87.23
88.26
89.29
90.32
91.35
92.38
93.41
94. 45
95.48
96.51
97.54

COLD RUN,

REX
0.11822¢
0.12340E
0.12857E
0.13375¢€
0.13892E
0.14409¢E
0.14927E
0.15444E
0.15962E
0.16479E
0.16996%
0.17514E
0.17907€
0.18173€
0.18440E
0.18708¢%
0.18975E
0.19242E
0.19508%
0.19775E
0.20041€
0.20308E
0.20574E
0.20842E
0.21110E
0.21376E
0.21643E
0.,21909E
0.22176E
0.22442E
0.22708E
0.22976E
0.23244E
0.23510€
0.23777€E
0.24043¢

HIGH RE,
T0
07 102.3
07 102.4
07 102.3
07 102.4
07 102.3
07 102.5
07 102.4
07 102.3
07 102.3
07 102.3
07 102.4
07 102.3
07 100.6
07 100.5
07 101.¢6
07 101.9
01 102.2
07 102.2
07 102.3
07 102.5
07 102.4
07 102.6
07 102.4
07 102.4
07 101.1
0T 100.6
07 101.9
07 102.4
07 101.9
07 102.7
07 102.5
07 102.2
07 102.1
07 101l.5
07 101.8
07 191.2

®%x DISCRETE HOLE RIG #*#x MAS=-3-1433¢

XVO0= 4.600

RHO= 0.07319

[P= 0.242
P/D= 5

UNCERTAINTY IN F=0.,03029 IN RATID

REENTH
0.10157¢
0.3356GE
0.560507E
0.88007€E
0.11515¢
0.14167E
0.16T9TE
0.19388E
0.218G4E
0.24327E
0.26T01E
0.29034E
0.30563F
0.31249E
0.31867E
0.32433E
0.32960F
0.33470E
0.33967E
0.34444E
0.34922¢
0.35399€
0.35860E
0.36322E
0.36782E
0.3724541¢
0.37718E
0.38196F
0.38688E
0.39181F
0.39659¢
0.40131€E
0.40598E
0.41070€
0.41548F
0.42030E

03
03
03
03
04
04
04
04
04
04
04
04
04
04
04
04
04
%4
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04

STEP T-WALL AT 1ST PLATE

STANTON NO
0.39262E-02
0.38961E-02
0.41235E-02
0.41163E-02
0.39522E-02
0.38749E-02
0.37101€~02
0.35499€E-02
0.34287E-02
0.33756E-02
0.32328E-02
0431595E-02
0.27083€-02
0.24295E-02
0.22042E-02
0.20400F-02
0.19126E~02
0.19055E-02
0.18225E-02
0.17555€-02
0.18300F-02
0.17456F-02
0.17049€-02
0.17635E-02
0.16810E-02
0.17635E-02
0.18111E-02
0.17724€-02
0.191 73E-02
0.17777F-02
0.18072E-02
0.17285€E-02
0.17731€=02

" 0.17674E-02

0.18151E-02
0.17969E-02

DST
0.67T7E-04
0.673E-04
0.692E-04
0.688E-04
0.679€E-04
0.670E-04
0.6605-04
0.651E-04
0.643E-04
0.639E-04
0.628E-04
0.626E-04
0.463E-04
0.459E-04
0.429E-04
0.4015-04
0.384E-04
0.384E-04
0.363E-04
0.352E-04
0.366F=04
0.366E-04
0.361E-04
0.380E-04
0.375E-04
0.387E-04
0.386E-04
0.372E-04
0.383E-04
0.377E-04
0.375E-04
0.371E-04
0.372FR-04&
0.,369E-04
0.3976-04
0.439F-04

VISC= 0.16782E-03

DREFN

15.

19,
21.
22,
23.
23,
23,
23.
23,
23.
23,
23.
24,
24.
24,
24
26,
24,
24,
24,
24,
24,
24.
24.
24.
26,
24,
24,
24.

M

0.54
0.52
0.53
0.52
0.53
0.52
0.53
0.53
0453
0.53
0.53

IS

0.3174
0.0168
0.0172
0.0170
0.0171
0.0170
0.0173
0.0173
0.0170
0.7170
0.0170

T2

79.5
79.5
79.5
T9.5
79.5
79.8
79.8
79.6
79.5
79.6
79.7

PR=).715
THETA NTH
0.071 0.010
0.369 0.710
0.071 0.210
0.071 0.010
0,072 0.010
0.780 0.910
0.281 0.310
0.076 0.010
0.076 0.010
D.ITS 0.010
0.080 0.010
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STANTON NUMBER DATA RUN

TINF= 80.3 JINF= 52.0 XV0= 4.60C RHO= 0. 07296
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=44,.700
UNCERTAINTY IN REX=*25655.

TP= 0.242
P/D= 5
UNCERTAINTY IN F=0.03030 IN RATIOD

=% M=0,5, HOT RUN, HICH RE, STEP T-wWALL AT 1ST PLATE
PLATE X REX T0 REENTH STANTON NO DST
1 50.30 0.11724E 07 108.0 0.99059€ 02 0.3%6126-02 0.603E-04
2 52.30 0.12237€ 07 108.0 0.75690E 03 0.31864E-02 0.5625-04
3 54,30 0.12750F 07 108.0 0.18926E 04 0.30535€~02 0.556E~04
4 56430 0.13264c 07 108.0 0.30417€ 04 0.27443E-02 0.539E-04
5 58.30 0.13777€ 07 108.0 0.41795E 0% 0.24633E-02 0.526E-04
6 60.30 0.14290E 07 107.9 0.52762F 04 0.2244TE-02 0.517E-04
7 62.30 0.14803E 07 108.1 0.63551E 04 0.20459E-02 0.505E-04
8 64.30 0.1531¢E 07 108.1 0.74430€ 04 0.18083F-02 (.49TE~-04
9 66430 0.15829E 07 108.0 0.85025E 04 0.16423E-02 0.492F-04
10 68.30 0.16342E 07 108.1 0.95391E 04 0.15273E-02 J.487E-04
11 70.30 0.16855E 07 108.0 0.10540E 05 0.14567E-02 0.4BT7E-04
12 72.30 0.1T7368E 07 10R.0 0.11495€E 05 0.12663E-02 0.4825-04
13 73.82 0.17758E 07 107.5 0.11982F 05 0.12116E-02 0.246E-04
14 74.85 0.18023E 07 107.4 0.12012E 05 0.11068BE-02 0.272E-04
15 75.88 0.18287€ 07 108.2 0.12040€E 05 0.10103E-02 DJ.267€-04
16 76.91 0.18552F 07 108.2 0.12067E 05 0.97954E-03 0.260E~04
17 77.95 0.18818E 07 108.4 0.12092E 05 0.94613E-03 0.258E-04
18 78.98 0.19082F 07 108.5 0.12117€ 05 0.92483E-03 0.258E-04
19 80.01 0.19346E 07 108.3 0.12142E 05 0.95064F-03 0.249E-04
20 B8l.04 0.196l1t 07 108.4 0.12167F 05 0.93160F-03 0.244E-04
21 82.07 0.19875% 07 108.4 0.12192E 05 0.95834E-03 0.253E-04
22 83.10 0.20139€ 07 108.3 0.12217F 05 0.97901€-03 0N.?265E-04
23 B84.13 0.20403F 07 108.3 0.12243F 05 0.93775E-03 0.262€E-04
24 85.16 0.20669E 07 108.3 0.12268E 05 0.97765F-03 0.274C-04
25 86.20 0.20934E 07 107.5 0.12293E 05 0.92275E-03 0.269E-04
26 8T7.23 0.21199E 07 106.9 0.12319€ 05 0.10159F-02 0.?B0E-04%
27 88.26 0.21463F 07 107.9 0.12346E 05 0.10409E-02 0.278E-04
28 89.29 0.21727E 07 108.2 0.12373E 05 0.10354F-02 0.,272F-04
29 90.32 0.219915 07 107.7 0.12402€E 05 0.11445E-02 0.277%5-04
30 91.35 0.22256E 07 108.1 0.12432E 05 0.11022E-02 0.2834F-04%
31 92.38 0.22520€E 07 108.1 0.12461E 05 0.11030E-02 0.280E-04
32 93.41 G.22785E 07 107.6 0.12490E 05 0.11030E-02 0.285E-74
33 94.45 0.23051E 07 107.6 0.12520F 05 0.11141F-02 0.281lE-04
34 95.48 0.23315F 07 107.1 0.12549F 05 0.11208€-02 0.278E-N4
35 9¢.51 0.23579E 07 107.3 0.12579F 05 0.11591F-02 0.303E-04
36 97.54 0.23844E 07 106.8 0.12610F 05 0.,11549F-02 0.3285-9%4%

0718731 %%x DISCRETE HOLE RIG *** NAS-3-14336

VISC= 0.168935-03

DREEN

2.
16.
2B.
36.
43.
49.
54.
59.
63.
67.
T0.
73.
75.
5.
15.
75.
75.
75.
75.
75.
T5.
75.
75.
T5.
T5.
75.
T5.
75
5.
15.
T5.
5.
75.
15.
75
75.

L]

0.52
0.53
0.52
0.52
0.53
0.52
0.51
0.51
0.52
0.51
0.51

F

0.0168
0.017
0.0169
0.0168
0.0170
0.2169
0.0165
0.0166
0.0168
0.0165
0.0164

T2 THFTA

111.9 1.1928
111.8 1.140
112.4 1.161
112.6 1.167
110.2 1.084
112.0 1.141
112.7 1.167
111.3 1.121
111.2 1.112
109.4 1.053
109.1 1.040

PR=0,7T15

DTH

n.013
0.714
0.014%
0.014
0,013
0.014
0.014
0.014
0.013
0.213
0.012



oLT

FOLLOWING IS THE DATA FCR THETA=0 AND THETA=1, WHICH WAS ORTATNED BY LINEAR SUPERPOSITION THEQRY.

THIS DATA WAS PRODUCED FROM RUN 071773 AND RUN 071873-
FOR THE DETAIL CHANGES OF PRCPERTIES AND BOUNDARY CUNDITIONS,
PLATE REXCOL RE DEL2  ST(TH=0) REXHOT RE DEL2
1 1182247.0 10l.6 0.003926 1172427.0 99.1
2 123398640 305.2 0.003944 1223736.0 T12.4
3 1285726.0 515.7 0.004193 1275046.0 1746.0
& 1337465.0 733.0 0.004206 1326356.0 2T73.4
5 1389205.0 946.5 0.004048 1377666.0 3781.0
6 1440944.0 1154.4 0.003990 1428975.0 4778.6
T 1492684.0 1356.9 0.003836 1480285.0 5768.8
8 1544423.0 1551.3 0.003679 1531595.0 6737.3
9 1596163.0 1738.5 0.003558 1582904.0 T686.7
10 1647902.0 1921.4 0.003511 1634214.0 8634.0
11 1699641.0 2099.4 0.003368 1685524.0 9572.1
12 1751381.0 2272.3 0.003317 1736834.0 10491.8
13 1790703.0 2395.7 0.002815 1775829.0 10966.1
14 1817349.0 2466.9 0.002524 1802254.0 11000.9
15 1843995.0 2531.1 0.002290 1828678.0 11032.7
16 1870770.0 2589.9 0.002116 1855231.0 11062.4
17 1897545.9 2644.5 0.001382 1881783.0 11090.9
18 1924191.0 2697.3 0.001976 1908208.0 11t18.5
19 1950836.0 2748.8 0.001885 1934632.0 11146.1
20 1977482.0 2798.1 0.001814 1961057.0 11173.5
21 2004128.0 2847.6 0.001892 1987482.0 11201.0
22 2030774.0 28%6.8 0.001800 2013906.0 11229.1
23 2057420.0 2944.3 0.001760 2040331.0 11256.7
24 2084195.0 2992.1 0.701820 2066883.0 11284.4
25 2110970.0 3039.5 0.001735 2093436.0 11311.8
26 2137616.0 3086.9 0.001817 2119861.0 11339.7
27 2164262.0 3136.0 0.001866 2146285.0 11369.2
28 2190908.0 3185.2 0.001825 2172710.9 11398.9
29 2217554.0 3235.9 0.001973 2199134.0 11430.0-
30 2244200.0 3286.6 0.001326 2225559.0 11461.9
31 2270845.0 3335.T 0.001857 2251983.0 11493.1
32 2297620.0 3384.1 N.001773 2278536.0 11524.3
33  2324396.0 3432.1 0.001820 2305089.0 11555.5
34 2351041.0 3480.5 0.001814 2331512.0 11587.0
35 23771687.0 3529.6 0.001862 2357938.0 11619.1
36 2404333.0 3579.0 0.001843 2384362.0 11651.7

1

SY(TH=1)

0.003861
0.003260
0.003193
0.002946
0.002690
0.002380
0.002267
0.002077
0.001849
0.001728
0.001553
0.001346
0.001380
0.001256
0.001145
0.001099
0.001055
0.001035
0.001049
0.001025
0.001057
0.001065
0.001024
0.001066
0.001008
0.001100
0.001128
0.001118
0.001232
0.001178
0.001182
0.001173
n.ooilss
0.001194
0.001233
0.001227

ETA

uuuey
0.173
0.238
0.299
0.336
0.404
0.409
0.436
0.480
0.508
0.539
0.594
0.510
0.502
0.500
0.481
0.468
0.476
0.444
0.413%
0.k42
0.408
0.418
0.414
D.419
0,394
0.396
0.387
N.376
0.355
0.36%
0.338
0.347
0.342
0.338
0.334

STCR

uuuuuy
1.021
1.216
1.314
1.336
1.377
1.373
1.359
1.351
1.366
1.339
1.345
1.159
1.047
0.958
0.893
0.843
0.947
0.814
0.789
0.829
0.79¢%
0.781
0.813
0.780
0.821
0.848
0.83%
0.907
0.844
2.862
0.328
0.854
0.£5%
0.R82
0.877

PLEASE SFE THE ABOVE TWO RUNS

F=COL

0.0000
0.0174
0.0158
0.0172
0.0170
0.0171
0.0170
0.0173
0.0173
0.0170
0.0170
0.0170

STHR

(R IVIVI )
1.159
1.2056
1.160
1.093
0.992
0.966
0.902
0.817
0.775
0,706
0.620
0.642
0.588
0.539
0.520
0.502
0.495
0.50%
0.495
0.513
0.520
0.502
0.525
0.498
0.546
0.562
0.560
0.619
0.59%
0.599
0.596
0.606
0.511
0.633
0.632

F-HNT

0.0000
2. 0148
0.0171
0.0169
0.0168
0.0170
0.0169
0.0165
0.0166
0.0162
0.0165
0.0164

PHI-1

UIBY
3,786
3.488
3.483
3,444
3.383
3,375
3.269
3.186
2171
3.062
2.933



Error

An error occurred while processing this page. See the system log for more details.
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STANTON NUMBER DATA RUN 072573

TINF=

83.4

UINF= 53.8

UNCERTAINTY IN REX=26157.

*E M=0,65,

PLATE X
1 50.30
2 52.30
3 54.30
4 56.30
S 58.30
6 60.30
T 62.30
8 64.30
9 66.30
10 68.30
11 70.30
12 72.30
13 73.82
14 74.85
15 75.88
16 76.91
17 77.95
18 78B.98
19 80.01
20 B81.04
21 82.07
22 83.10
23 84.13
24 85.16
25 86.20
26 87.23
27 88.26
28 89.29
29 90.32
30 91.35
31 92.38
32 93.41
33 94.45
34 95.48
35 96.51
36 97.54

#xk DI SCRETE HOLE RIG #*&& NAS=3-1%33.

XV0= 4.600
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=44,700

RHO=

0.07210

CP= 0.242
P/D= 5

UNCERTAINTY IN F=0.03027 IN RATIO

HOT RUN, HIGH RE, STEP T-WALL AT 1ST PLATE

REX
0.11954E
0.12477€
0.13000€E
0.13523E
0.14046E
0.14570E
0.15093E
0.15616E
0.1613SE
0.16662E
0.17185F
0.17708€
0.18106E
0.18376E
0.18645E
0.18916E
0.19186E
0.19456E
0.19725E
0.19995E
0.20264E
0.20533E
0.20803E
0.21074€
0.21344E
0.2161 4E
0.21883E
0.22153€
0.22422E
0.22691F
0.22961F
0.23232¢
0.23502F
0.23772E
0.24041E
0.24311F

07
07
07
07
07
07
07
07
07
07
07
o7
07
07
07
07
07
07
07
07
07

TO
109.0
109.1
109.2
109.1
109.1
109.1
109.1
109.0
109.0
109.0
109.0
109.0
108.2
108.2
109.0
109.1
109.4
109.4
109.3
109.5
109.5
109.5
109.5
109.5
108.5
108.2
109.1
109.4
109.0
109.5
109.4
109.0
108.9
108.4
108.7
108.2

REENTH
0.94287E
0.686T2E
0.16912¢
0.27205¢E
0.37823E
0.48451E
0.58841F
0.69326€
0.79958E
0.90574E
0.10108E
0.11154E
0.11701E
0.11733E
0.11771E
0.11801E
0.11830€E
0.11857E
0.11884E
0.11911F
0.11937€
0.11964E
0.11990F
0.12017F
0.12043€
0.12069¢E
0.12097F
0.12126F
0.12156E
0.12186F
0.12216F
0.12246E
0.12276€
0.12306E
0.12337¢
0.12368E

02
03
04
04
04
04
04
04
04
04
05
05
05
05
05
05

STANTON NO
0.36046E-02
0.34091E-02
0.35108E-02
0.33292E-02
0.30704E-02
0.28099E-02
0.25736E-02
0.23258F~02
0.20738E-02
0.19220€E-02
0.17927€-02
0.15941E-02
0.14586E-02
0.12731E-02
0.11556E-02
0.10826E-02
0.10458€-02
0.10030€-02
0.99680F-03
0.96929E-03
0.10017E-02
0.98992E-03
0.95891E-03
0.99265E-03
0.94862E-03
0.10137€-02
0.10593E-02
0.10540E~02
0.11596E-02
0.10943E-02
0.11187F-02
0.10953€E-02
0.11259E-02
0.11343E-02
0.11575¢-02
0.11609F-02

DST
0.620E-04
0.605E~04
0.509€E-04
0.600E~04
0.585E-04
0.571E-04
0.558E-04
0.54T7E-04
0.537€-04
0.5296-04
D.524E-04
0.518FE-04
0.284FE-04
0.302E-04
0.293E~-D4
0.281F-04
0.278E-04
0.276E-04
0.264E-04
0.258E-04
0.267€-04
0.277E-04
0.274F-04
0.286E~04
0.283E-04
0.291€-04
0.290E-04
0.284E-04
0.289E-04
0.294F-04
0.291E-04
0.294E-04
0.292E-04
0.289£-04%
0.314F-04
0.342E-04

vIsC=

DREEN

2.
14.
25.
32.
39.
45,
SO.
55.
59.
64.
68.
11.
73‘
T3.
13.
73.
73.
73.
73.
13,
73.
.

73.
73.
73.
T3.
73.
73.
13.
73.
3.
73‘
73.
73.
13.

0.63
0.63
0.63
0.6%
0.63
0.61
0.63
0.62
0.63
0.62
0.64%

0.171536-03

0.02 0%
0.0204
0.0204
0,0208
0.0204
0.0193
0.0203
0.0202
0.0206
0.0202
0.2209

T2 THETA

103.0 0.761
103.4 2.77%
104.4 0.315
105.1 0.844
105.1 0.846
105.6 0.843
106.2 0,988
106.4 0.899
106.3 0.896
106.3 0.892
106.1 0.389

Pe=0,715

OTH

0.012
0.012
0,213
0,013
0.013
0.013
0.013
0.013
0.9013
0.013
0.013



€L1

FOLLOWING IS THL DATA FOR THETA=0 AND THFTA=], WHICH WAS (ORTAINCED By LINFAR SHPERPOSITIIN THFQORY,
THIS OATA WAS PRODUCED FROM RUN 072473 AND RUN 072573
FOR THE DETAIL CHANGES OF PRDPERTIES AND BOUNDARY CONDITIONS, PLEAST SEF THE ABOVF TWD QUNS

PLATE REXCOL RE DEL2 ST(TH=0} REXHOT RE DFL2 ST{TH=1) ETA STCR F=-COL CTHR F=HN™ PHI-1
1 1202637.0 93.5 0.003743 1195388.0 9.3 0.00360% uyyyyu 'MULY 0.0000 Jingrngeny 0. 0000 1YY
2 1255269.0 299.2 N.003887 1247703.0 810.9 0.003259 0.161 1.010 N.0215 1.166¢ 0.0205 3.588
3 1307s501.0 512.7 0.004223 1300017.0 2054.6 0.003304 0.218 1.229 0.0214 1.253 0.020&4 3,932
4 1360533.0 736.6 0.004282 1352332.0 3292.1 0.003113 0.2732 1.342 0.0213 1.230 0.020%4 3,993
5 1413165.0 958.9 0.004167 1404647.0 4526.7 0.002868 0.312 1.380 0.0212 1.170 0.2298 4,017
6 1465796.0 1174.2 0.004317 1456961.0 5745.6 0.0025839 0.355 1,391 0.0212 1.084 2.02%4 3.906
7 1518428.0 1382.2 0.003884 1509276.0 69265 0.002366 04391 1.395 0.0210 1.012 0.0198 13,789
8 1571060.0 1581.5 0.003689 1561591.0 8095.4 0.002155 0.416 1.368 0.0216 0.939 0.020% 3.791
9 1623692.0 1773.9 0.003622 1613905.0 9262.5 0.001899 0.476 1.380 0.021 4 0,842 0.0202 3.65%&

10 1676324.0 1962.1 0.003532 1666220.0 10424.3 0.001735 0.509 1.379 0.0213 0.782 N.0206 3.6%6
11 1728956.0 2145.7 0.003445 1718534.0 11577.3 0.001593 0.537 1.375 0.0212 0.728 0.029? 3,528
12 1781588.0 2324.1 0.003331 177C849.0 12730.1 0.001377 0.587 1,256 0.9216 0.637 0.0209 3.473
13 1821588.0 2449 .4 2.002780 1810608.0 13329.2 0.001228 0.558 1l.147 0.574

14 1848693.0 2520.7 0.002471 1837550.0 13363.2 0.001065 0.569 1,029 D.590

15 187579%.0 2584.2 0.002210 1864492.0 13387.6 0.000972 0.560 0.928 N.459

16 1903035.0 2641.6 0.002020 1891565.0 13413.1 0.000919 0.545 0.855 0.437

17 1930272.0 2664.,2 0.001859 1918638.0 13437.7 0.000904 0.514 0.794 0.432

18 1957378.0 2744.6 0.001855 1945580.0 13461.4 0.000855 0.539 0,798 0.410

19 1984483.0 2793.5 0.001745 1972522.0 13484.7 0.000866 0.504 0.756 0.418

20 2011589.0 2839.9 0.001674 1999464.0 13507.8 0.000847 0.494 0,731 0.411

21 2038694.0 2886.3 0.001744 2026406.0 13530.9 0.000872 0.500 0,767 0.4°5

22 2065800.0 2932.4 0.001658 2053348.0 13554.5 0.000874 0.473 0.734& 0.428

23  2092905.0 2977.0 0.001623 2080290.0 13577.6 0.000843 0.481 0.723 0.415

24 2120142.0 3021.7 0.001677 2107362.0 13600.8 0.000873 0.479 0.752 0.432

25 2147379.0 3066.4 0.001611 2134435.9 13623.8 0.000833 0.483 0.726 0.41%

26 2174484.0 3110.8 0.0016¢€¢3 21€1377.0 13647.2 0.000901 0.459 0.755 0.449

21 22015%0.0 3157.2 0.001756 2188319.0 13672.0 0.000938 0.466 9.801 0.469

28 2228695.0 3203.9 0.001687 2215261.0 13697.4 0.000944 0.440 0.774 0.474&

29 2255801.0 3251.9 0.001854 2242204.0 13724.1 0.001039 0.440 0.855 0.524

30 2282906.0 3300.6 0.001735 22691%0.0 13751.4 0.000983 0.423 0.805 0.4°8

31 2310011.0 3348.1 N.NNDLT64 229608R.0 13778.2 0.001006 0.429 0,822 0.512

32 2337248.0 3394.€6 0.)01579 2323160.0 13805.2 0.000994 0.498 0.787 0.507

33 2364485.0 3441.4 0.701751 2350233.0 13832.3 0.001017 0.419 0.82% 0.521

34 23%1591.0 3483.7 0.001734 2377175.0 13855.9 ©0.001030 0.406 0.82) 0.529

35 2418696.0 3536.1 0.001762 2404117.0 13888.0 0.001052 0.493 0.828 0.543

36

2445801.0 3583.9 0.001759 2431059.0 13916.4 0.001057 0.399 0.841 0.547



L /A

STANTON NUMBER DATA RUN 0T1873-2 *&* DISCRETR HOLE RIG *v* NAS-2-14336

TINF=

79.7

. UINF=

52.0

UNCERTAINTY IN REX=25688.

*% M20.5, THETA=1.4, HIGH RE, STEP T-WALL AT 1ST PLATF, * TEST FOR LINFAPITY,

PLATE

b s b e B et et g et et
VENCVLPWUNOODINONMP,WN -

NN N
WNeO

NINVNNN
~ouas

WWWWWNN
SN0 O

w W
oW

X
50.30
52.30
54.30
56.30
58.30
60.30
62.30
64,30
66.30
68.30
70.30
72.30
73.82
T4.85
75.88
T76.51
17.95
78.98
80.01
81.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
89,29
90.32
91.35
92.38
93.41
94.45
95.48
96.51
97.54

REX
0.11740E
0.12253€
0.12767E
0.13281¢€
0.13795€
0.14308¢€
0.14822€E
0.15336F
0.15850E
0.16363E
0.16877E
0.17391E
0.17781E
0.18046E
0.18311E
0.18576F
0.18842E
0.19107¢F
0.19372E
0.19636E
0.19901E
0.20165E
0.20430F
0.20696E
0.20962E
0.21226E
0.21491E
0.21755E
0.22020E
0.22285¢
0.22549F
0.2281 5E
0.23081F
0.23345E
0.23610€
0.23875¢

07
07
07
o7
07
o7
07
o7
07
07
07
07
07
07
07
07
07
07
a7
07
07
07
07
07
07
07
07
07
07
07
07
07
07
o7
07
o7

T0

108.8
108.8
108.7
108.8
108.8
108.8
108 .8
108.7
108.7
108.7
108.8
108.8
108.3
108.2
108.9
108.9
109.1
109.2
108.9
109.1
109.2
108.8
108.9
109.0
108.3
107.5
108.6
108.8
108.3
108.6
108.6
108.0
108.1
107.5
107.7
107.3

XVi= 4.600

RHO= Q.07304
DISTANCE FROM ODRIGIN OF BL TO 1ST PLATE=44,700

CP=x 0.242°
p/D= 5

UNCERTAINTY IN F£=x0.03030 IN RATIO

RTENTH
0.97243E
0.84011E
0.21573€
0.34933¢
0.48143€
0.60847E
0.73415¢€
0.86121F
0.98431E
0.11050€
0.12226E
0.13339¢
0.13892€
0.13915¢
0.13936E
0.13956E
0.13976€
0.13995E
0.14014E
0.14034F
0.14054E
0.14075F
0.14096¢E
0.14117F
0.14137E
0.14159€
0.14182E
0.14205%
0.14229€
0.14255¢%
0.14280E
0.14305€
0.14331F
0.14357E
0.14384E
0.14411°F

02
03
04
04
04
04
04
04
04
05
05
05
05
05
05
05
05
05
05
05
0s
05
05
05
05
05
05
05
05
05
05
05
05
05
05
0s

STANTON MO
0.37855€E-02
0.29917€-02
0.27288E-02
0.23816E-02
0.20550F-02
0.18289F-02
0.15911F-02
0.13622€-02
0.11955F-02
0.106462E~-02
0.94881E~03
0.75554£-03
0.91048E-03
0.82859F-03
0.74512E-03
0.75157TE-03
0.73226E-03
0.71082F-03
0.76245E-03
0.73844E-03
0.75510E-03
0.81686F-03
0.77502E-03
0.78943E-03
0.76989E-03
0.88101E~03
0.84924€E-03
0.883 68F~03
0.96924E-03
0.956S6€-03
0494092E-03
0.97404€~03
0.96224E-03
0.98514E-03
0.10299E-02
0.10218£~-02

psT
0.5726-04
0.526E-04
0.515E-04
0.498E-04
0.483E-04
0.475€-04
0.468E-0%
0.4626-04
0.4585-04
0.455E-04
0.452E-04
0.448E-04
0.208F~04
0.240E-04
0.237E-04
0.234E~04%
0.233F-04
D.234E-0%
0.226E~04%
D.221E-04
0.230E-04
0.244E-04
0.242E-04
0.250E-04
0.248E-04
0.260E-04
0.254E-04
0.251E-04
0.254E-04
0.264E~04
0.260F~04
0.266E-04
0.260E~-04
0.259F-04
0.284E-04
0.303E-04

VISC= 0.16860E-03

DREEN

2.
19.
33.
43,
51.
58
64.
69.
74.
79.
82,
87.
88.
38,
88.
81,
88,
88.
88.
88.
a8.
88.
83.
88,
88.
AR,
8s.
88.
8s.
8A.
88.
83,
88.
88.
93,
LN

M

0.50
0.50
0.51
0.50
0.51
0.51
0.49
0.50
0.51
0.51
0.49

F

0.0163
0.0163
0.0164
0.0163
0.0167
0.0167
0.2160
0.0161
0.01 64
0.9165
0.0158

T2

119,2
121.4
121.4
121.7
118.3
120.6
121.5
119.7
119.4
117.2
117.2

PR=0.T15 .

THETA

1.357
1.437
1.433
1.440
1.32%
1.406
1.440
1.380
1.372
1.291
1.287

NTH

0.014
0,015
0.715
0.015
0.014
0.015
0.015
N.015
0.01%
0.014
0.014



SL1

Lo 2

VELOCITY PROFILE AT UINF= 30 FT/SEC, M= O

DISCRETE HOLE RIG #*% NAS-3-14336

DELL=

CF2=

VELOCITY PROFILE

UINF= 31.7 FT/SEC
TINF= T78.0 DEG F

YUINCHES)

0.010
0.011
0.012
0.014
0.016
0.018
0.020
0.024
0.028
0.032
0.036
0.040
0.047
0.054
0. 065
0.080
0.095
0.110
0.130
0.155
0.185
0.215
0. 265
0.315
0.365
0.415
0.465
0.515
0.565
0.615
0.715
0.765
0.815
0.865
0.915
0. 965
1.015
1.065

0.69242E 06
0.150 IN.
0.18971E-02

U(FRT/SEC)

19.91
11.45
11 .91
13,01
13.86
1%.72
15.18
16.29
17.03
17.64
17.98
18.44
19.02
19.49
19.99
20.71
21.11
21.50
22.06
22.51
23.21
23 .69
2558
25.37
26.11
2b.83
27.34
28.00
28.60
29..07
29.57
30.08
30.46
- 30.80
31.10
31.37
31.61
31.64
31.68

RED2= 1740.

DELZ= O.111IN.

DOXvO= 0.58

X= 53.0 INCHES
PINF= 2112. PSF

PORY= 19
Y+ Ue UBAR
6.9 T7.90 0.3443
T.5 8.30 0.3615
8.2 8.63 0.3759
9.6 9. 43 0.4107
11.0 10.05 0.4376
12.3 10.67 0.4645
13.7 11.00 0.4790
16.5 11.81 0.5142
19.2 12.34 0.5374
21.9 12.78 0.5568
24.7 13.03 0.5676
27.4 13.37 0.5822
32.2 13.78 0.6002
37.0 14012 0.6152
44.6 14,49 0.6310
54.9 15. 00 0.6535
65.1 15.29 0.6662
75.4 15.58 0.6786
89.1 15.99 0.6963
106.3 16.31 0.7103
126.9 16. 82 0.7324
147.4 17.17 0.7478
181.7 17.81 0.7758
216.0 18.39 0.8008
250.3 18.92 0.8242
284.6 19. 45 0.8470
318.8 19.81 0.8629
353.1 20.29 0.8838
387.4 20. 72 0.9025
421.7 21.07 0.9176
456.0 21.42 0.9332
490.3 21.80 0.9493
524.5 22.07 0.9613
558.8 22.32 0.9723
593.1 22.54 0.9816
627.4 22.73 0.9901
661.7 22.91 0.9977
696.0 22.92 0,9985
730.2 22.96 1.0000
XV0= 9,02 IN.
H= [.35
DOEL1=0.002 DDEL2=0.001

oV

0. 42
0.40
0.38
0.33
0.31
0.30
0.28
0.27
0.26
0.25
0.25
0.24
0.23
0.23
0.22
0.22
0.21
0.21
0.20
0.20
0.19
0.19
0.18
0.17
0.17
0.17
0. 16
0.16
0.16
0.15
0.15
0.15
0.15%
0.15
0.15
0.14
0.14
0. 14

DCF/2=0.128 IN RATIO



9T

STANTCN NUMBER DATA RUN 082273

TINF=

76.9

- UINE=

31.0

UNCERTAINTY IN REX=15523.

i M=, ] FLAT pLﬂTF RUN' HIGH RE'

PLATE
1

Vo~NoondPwn

10

12
13
14
15
16

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

X
50.30
52.30
54.30
56.30
58.30
60.30
62.30
64.30
66.30
68.30
70.30
T72.30
73.82
74.85
75.88
76,91
77.95
78.98
80.01
81.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
89.29
90.32
91.35
92.38
93.41
94.45
95.48
96.51
97.54

REX
0.68160E
0.71265E
0.74370E
0.TT4T4E
0.80579E
0.83583F
0.86788E
0.89892E
0.92997€
0.96101E
0.99206E
0.10231E
0.10467E
0.10627F
0.10787E
0.10947E
0.11108E
0.11268E
0.11428E
0.11588€
0.11748E
0.11908E
0.12067E
0.12228E
0.12389E
0.1254SE
0.12708E
0.12868E
0.13028€E
0.13188E
U.13348E
0.13509E
0.13669E
0.13829E
0.1398%€E
0.14149E

06
06
06
06
06
06
06
06
06
06
06
07
07
07
07
07
07
07
07
07
07
07
o7
Q7
a7
07
07
07
07
07
07
o7
07
07
07
07

T0
103.8
103.9
103.9
103.9
103.9
103.9
103 .8
103.8
103.8
103.8
103.8
103.9
103.5
103.4
104 .0
104.1
104.2
104 .0
104.0
104.2
104.0
104.2
104.0
103.8
102.0
102.4
103.7
104.2
193.8
104.6
104.5
104.3
104.2
103.5
103.9
103.2

w2« DISCRETE HOLE RIG **%x NAS-3-14336

Xv0= 6.390
DISTANCE FROM CURIGIN OF BL TO 1ST PLATE=42.910

REENTH
0.73379¢€
0.20124E
0.30661F
0.40638E
0.50209€E
0.59429¢
0.68340F
0.76988E
0.85473E
0.93828E
0.10209E
0.11012E
0«11626E
0.12058E
0.12469E
0.12872¢
0.13287F
0.13667F
0.14067TE
0.14457E
0.14850F
0.15243€
0.15619E
0.15994E
0.16356E
0.16721E
0.17108E
0.17489¢
0.17879€
0.18267%
0.18636E
0.18998E
0.19352¢
0.19709E
0.20065¢
0.20420F

02
03
03
03
03
03
03
03
03
03
04
04
04
04

RHO= 0.07377

STEP T-WALL AT 1ST PLATE

STANTON NO
0.47272E-02
0.35096E-02
0.32785€-02
0.31491E-02
0.3016%€E-02
0.29233E-02
0.281 76E-02
0.27535€E-02
0.27124E-02
0.26700E-02
0.26525E~-02
0.25205E-02
0.278T76E-02
0.26047E~-02
0.25370E-02
0.24881E-02
0.24575F-02
0.25321E-02
0.24707€-02
0.23930E-02
0.25223€E-02
0.23881F-02
0.230 76E-02
0.23786€E-02
0.21514€E-02
0.24004E~-02
0.24603E~-02
0.23201€-02
0.25553F~-02
0.22803E-02
0.23368E-02
0.21902F=-02
0.22272€E-02
0.22284E-02
0.22236E-02
0.22140E-02

CP= 0.242
P/0= 5§

ST
0.106E-03
0.950E-04
0.931F-04
0.920E-04
0.910E-04
0.9056-04
0.B9BE-04
0.896E~04
0.892E-04
0.890E-04
0.888F-04
0.877E-04
0.588E-04
0.6056-04
0.600E-04
0.587E-04
0.585E-04
0.598E-04
0.575E-04
0.560E-04
0.586E-04
0.581E-04
0.571F-04
0.604E-04
0.576F-04
0.607E-04
0.6036-04
0.5 74E-04
0.598E-04
0.574E-04
0.572E-04
0.559€-04
0.557E-04
3 .553E-04
0.586E-04
0.646F-04

VISC= 0.16643E-03

DREEN

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

F T2

0.0000 103.9
0.0000 103,.°
0.2900 103.9
0.0000 103.9
0,3000 103,.9
0.0000 103.8
0.0000 103.8
0.0000 103.8
0.0000 103.8
0.0000 103.R
0.0000 103.9

PR=Q,714

THETA

1.000
1.000
1.9n0
1.200
1.700
1.200
1.000
1.000
1.000
1.000
1.000

DTH

0.013
0.013
0.2713
0.013
0,013
0.013
0.013
0.013
0.013
0.013
0.013



LUl

STANTCN NUMBER DATA RUN 082073

TINF=

78.

8 UINF= 30.0

UNCERTAINTY IN REX=14863.

*E M=

PLATE

VE~NTMEWN-

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

002’

X
50.30
52.30
54.30
56430
5830
60.30
62.30
64.30
66.30
68.30
70.30
72.30
73.82
74.85
75.88
76. 91
1795
78.98
80.01
81.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
86.2¢9
90.32
91.35
92.38
93.41
94445
95.48
96.51
97.54

COLD RUM,

REX
0.65264E
0.68236F
0.71209E
J.74181F
0.7715%E
0.80127F
0.83099C
0.86072F%
0.89044E
0.92017E
0.94990E
0.87962F
C.10022E
0.10175E
0.10328E
0.10482E
0.10636F
0.10789E
0. 10942F
0.11095E
0.11248€
Je.11401E
0.11555E
0.,11708E
0.11862€E
0.12015E
0.12168E
U.12321E
0.12475E
0.12628E
0.12781E
0.12935€
0.13088E
0.13241¢
0.13395¢E
0.13548:

HIGH RE,

06
06
06
Ve
06
06
06
06
26
06
06
06
07
07
07
07
07
07
07
07
07
07
07
07
07
o7
07
o7
07
07
07
o7
07
a7
07
07

T0

135.0
105.1
105.2
105.2
105.1
105.1
105.1
105.1
105.1
105.2
105.4
105.2
104.6
104.6
105.4
105.5
105.7
105.4
105.6
105.8
105.6
105.9
105.6
105.6
104.0
104 .4
105.5
105.9
105.6
106.3
106.1
106.0
105.9
105.4
105.6
105.0

XV0= 6.390

RHO= 0.07317
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=42.910

*xx D] SCRETE HOLE RIG *** NAS-3-143326

CP= 0.242
P/D= §

UNCERTAINTY IN F=0.03257 IN RATIO

KEENTH
0.72454F
0.22427F
0.38383¢
0.54295F
0.69809¢
0.84683F
0.99216F
0.11360E
0.12769E
0.14159€
0.15532E
0.16877E
0.17774E
0.18213E
0.18617E
0.18998E
0.19363E
0.19725€
0.20085¢
0.20428E
0.20774F
0.21117€
0.21446F
0.21774E
0.22091F
0.22498E
0.22743F
0.23075¢E
0.23416F
0.23754F
0.24078F
0.24398F
0.24713F
0.235031F
0.25349E
0.25665F

02
03
03
03
03
03
03
04
2%
04
04
04
04
LY
0%
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04

STEP T-WALL AT IST PLATE.

STANTON NO
0.48748E-02
0.41601F-02
0.41815€8-02
0.40722€-02
0.38964%-02
0.36873F-02
0.3 50 70E-02
0.348683E-02
0.34188E-02
0.33644E-02
0.32980E-02
0.31757E-02
0.30220£-02
0.27140E-02
0.25479E-02
0.24356E-02
0.23152E-02
0.24161€-02
0.,22804E-02
0.21894E-02
0.23257E-02
0.21591F-02
0.21334E~02
0.21489€~02
0.19764F-02
0.21651F-02
0.22084F-02
0.21221E-02
0.23220E-02
0.20906E~02
0.21411¢-02
0.20361E-02
0.,20777E-02
0.20645F-02
0.20803F-02
0.20418F-02

DST
9.115E-03
0.1075-93
3.107F-3
0.106E-03
0.105F-03
0.103€-03
0.102£-03
0.101E-03
0.100£-03
0.996E-94
0.987F-04
0.982E-04
0.654E-04
0.6535-04
0.631E-04
0.607E-04
0.592E-04
0.609F-04
9.573E-04
0.5555-04
0.582E-04
9.575F-04
0.5715-04
0.595E-04
0.574E-04
0.596E-04
0.592E-04
0.570F-04
0.589E-04
0.573E-04
0.570E-04
0.563E-04
0.560E-04
0.553E-04
0.5915-04
2.652F-04

VISC= 0.16824E~03°

DRFEN
2
3.
4
5
6.
6.
7.
Te
e.

10.

0.20
2.21
0.20
0.20
0.20
0.21
0.21
0.21
0.21
0.21
0.20

F

0.0066
0.2067
0.2365
0.0066
0.0365
0.0069
0.0068
0.2067
0.0057
0.9269
0.006¢

v?

83.5
83.6
33.3
/3,7
83.7
83.8
83.8
83.9
83.°
23,8
84.0

PP=0.T14

THETA

0.178
0.180
0.18¢
0.186
0.184%
J.18¢
0.189
0.191
0,192
J.188
n.197

TH

0.010
0.710

n.210
0.010
0,010
0.710

‘0,010

0.MO
n.mao
0.010
0.210



8L1

STANTON NUMBRER DATA

TINF=

79.1

UINF=

RUM

30.3

082173

UNCERTAINTY IN REX=15072.

k M=

PLATE

0.2,

X
50.30
52.30
54.30
56.30
58.30
60.390
62,30
64.30
66.30
68.30
70.30
72.30
73.82
74.85
15.88
76.91
77.95
T8.98
80.01
81.04
82.07
83.10
84.13
B5.16
86.20
87.23
88«26
89.29
90.32
91.35
92.38
93.41
94.45
95.48
96.51
97.54

HDT RUN

REX
0.66182E
0.69L96E
0.72211E
0.75225E
0.78239E
0.81254F
0.84268E
0,87283E
0.90297F
0.93311E
0.96326E
0.99340E
0.10163E
0.10318E
0.10474E
0.10630E
0.10786¢E
0.10941¢
0.11096E
0.11251¢
0.11407E
0.11562E
0.11717€
0.11873F
0.12029¢
0.12184E
0.12340E
0.12495F
0.12650¢
J.12805€
0.12961€
0.13117E
0.13273€
0.13428E
0.13583E
0.13738%

HIGH RE,

10
108.2
108.2
108.2
108.3
108.2
108.2
108.1
108.1
108.1
108.1
108.1
108.2
107.8
107.7
108 .5
108.5
108.7
108.9
108.7
108.9
108.9
108.7
108.7
108.9
107.6
107.5
108.7
108.9
108.5
109.0
109.0
108.5
108.6
108.1
108.3
107.7

x%x O] SCRTTE HOLE RIG %»x MAS-3-14226

Xv0= A.390
DISTANCE FROM CRIGIN OF BL TO 1ST PLATE=42.910

PHO= 0.07350

CP= 0.242
P/D=5

UNCERTAINTY IN F=0.03245 IN RATIO

REENTH
0.70832¢
0.26170E
0.49703€
0.72354E
0.94752E
0.11712F
0.138862F
0.15977E
0.18101¢
0.20281E
0.22525¢
0.24708E
0.25959E
0.26309€
0.26634E
0.26945E
0.27253E
0.27553E
0.27853E
0.28150€
0.23444F
0.28741E
0.29034E
0.29315E
0.29597F
0.29885E
0.30181€
0.30471€
0.30772€
0.31078¢
0.313T71€
0.31662E
0.31953F
0.32241F
0.32532¢
0.32823F

02
03

STEP T-WALL AT 1ST PLATF,

STANTON NO
0.469955~-02
0.35162E-02
0.33932€~-02
0.31960E-02
0.29713F-02
0-.27576€E~-02
0.26396E-02
0.25132%-02
0.24554€-~02
0.23887E-02
0.22831E-02
0e205495-02
0.23300E-02
0.21739E-02
0.20084E-02
0.19940€-02
04196 04%-02
0.19085€-02
0.19455E~-02
0.18802€E~02
0.18998E~02
0.192785-02
0.18395€~02
0.18304E-02
0417469E-02
0.19518E-02
0.18627E-02
0.18579E-02
0.20272€-02
0,19024E-02
0.18709F-02
0.18779€-02
0.185776-02
0.18569%-02
0.18828F-02
0.18557F-02

osT
0.104E-03
0.922€-04
0.911E-04
0.892E-04
0.877E-04
J.851E-04%
0.856E-04
0.848E-04
0.8445-04
0.839E-04
0.832E-04
0.816E-04
0.511E-04
0.535€-04
0.517€-04
0.508E-04
0.504F-04
0.501E-04
D.489E-04
0.4775-04
0.489E-04
0.506E-04
0.495E-04
D.R0OE-04
0.496E-04
0.523E~04
0.5075-04
0.48TF-04
0.513E-04
0.511F-04
0.501F-04
3.507E~04
0.498E-04
0.492E-04
0.528F-04
0.5745-04

VISC= 0.16762E-03

13.
13,
13.
13.
14.
14,
l4.
14.
14,
14.
14,
14,
l4.
14.

0.18
0.17
0.16
0.17
0.18
0.16
0.17
0.16
0.18
0.17
0.16

3

0.0057
0.0054
0.2253
0.0056
0.2359
0.3052
0.025&
0.2953
0.0058
0.0056
0.7352

T2

101.6
102.0
102.4
102,46
101.8
102.7
103.8
103.6
104.¢€
105.4
107.6

PR=20,714

THETA

0.774
0.785
0.796
0.806
0,791
0.913
0,854
0.847
0.8792
7.906
0.98n0

DTH

0.011
0.011
n.211
0.011
0.011
0.011
0,011
0.011
0.011
N.012
0.012



6L1

FOLLOWING 1S THE DATA FOR THETA=0 AND THETA=l,
THIS DATA WAS PRODUCED FROM RUN 082073
FOR THE DETAIL CHANGES OF PROPERTIES AND BOUNDARY CONDITINNS,

PLATE

VRN PWN -

REXCOL

652635.8
682361.9
712088.0
741814.1
771540.1
801266.3
830992.3
860718.4
890444 .4
920170.6
949896.6
979622.7
1002214.0
1017523.0
1032832.0
1048215.0
1063598.0
1078907.0
1094216.0
1109525.0
1124834.0
1140143.0
1155452.0
1170835.0
1186218.0
1201527.0
1216836.0
1232145.0
1247454.0
1262763.0
1278072.0
129345%.0
1308838.0
1324147.0
1339456.0
1354765.0

RE DEL2

T2.5
209.6
339.9
470.2
596.8
717.9
834.3
948.7

1059.7
1168.7
1275.7
1380.1
1456.1
1502.8
1545.5
1585.9
1624.1
1662.2
1700.1
1735.7
1772.0
1807.8
1841 .8
1876.0
1908.8
1941.6
1976.3
2010.8
2046.1
2081.0
2114.5
2147 .4
2179.8
2212.5
2245.1
2277.6

STUTH=0)

0.004875
0.004352
0. 004416
0. 004346
0.004173
0.003973
0.003398
0.0037 64
0. 003699
0.003637
0.003563
0.003458
0.003221
0.002870
0.002703
0.002563
0.002417
0.002562
0.002377
0.002278
0.002448
0.002226
0.302218
0.002241
0.002042
0.0022 27
0. 002308
0.002198
0.002407
0.002145
0.002219
0.002082
0.002141
0.002124
0.0021138
0.002095

REXHOT

661816.6
691960.9
722105.1
752249.4
782393.6
812537.8
842682.1
872826.3
902970.6
933114.8
963259.1
993403.3
1016313.0
1031837.0
1047361.0
1062961.0
1078560.0
1094084.0
1109609.0
1125133.0
1140658.0
115618240
1171706.0
1187306.0
1202205.0
121842%.0
1232954.0
1245478.0
1265003.0
1280527.0
1296051.0
1311651.0
1327250.0
1342774.0
1358299.0
1373823.0

WHICH WAS DBTAIMED BY LINEAR SUPERPOTITION THENRY,

AND RUN 082173

RE DEL2

70.8
277.6
542.1
793.7

1041 .4
1291.3
1531.0
1761.6
1991.6
222645
2464.8
2690.2
2815.2
2847.8
2878.2
2907.5
2936.6
2965.0
2993.4
3021.9
3049.8
3078.3
3106.6
3133.9
3160.6
318845
3217.1
3244.8
3273.9
3303.6
3332.0
3360.3
3388.6
3416.6
3444.9
3473.2

ST(TH=1}

0.004700
0.003273
0.003113
0.002900
0.002683
0.002417
0.002351
0.002299
0.002231
0.002217
0.002150
0.002026
0.002158
0.002040
0.071874
2.001884
0.001872
0.001782
0.001862
0.001803
0.001794
0.001870
0.001767
0.001751
0.001690
0.001899
0.001777
0.001792
0.001954
0.0021856
0.001804
0.001839
0.001803
0.001805
0.201834
0.001809

ETA

uuuuy
0.248
0.295
0.333
0.357
0.392
0.397
0.389
0.397
0.390
0.397
0.414
0.330
0.286
0.307
0.265
0.226
0.304
0.217
0.208
0.767
0.160
0.204
0.218
0.173
0.147
0.2390
0.185
0.188
0.135
D187
0.117
0.158
0.150
0.142
0.136

sTCP

nuyuy
1.009
1.147
1.215
1.233
1.227
1.249
1.245
1.257
1.266
1.268
1.255
1.186
1.066
1.013
N.968
0.920
0.983
0.519
0.887
0.960
0.878
0.881
0.896
0.822
0.2901
0.939
0.900
0.990
0.887
0.923
0.870
0.899
0.897
0.907
0.893

PLEASE SFE THE ABOVE TWO IUNS

F-COL

0.0000
0.0066
0.0067
N.03565
0.0066
0.0065
0.0069
0.0068
0.0067
0.0067
0.0069
0.0066

STHR

Jyguuvy
1.042
1.053
1.023
0.976
0.503
0.0297
0.R95
0.8R3
0.892
0.877
0.837
0.909
0.854
0.791
0.79¢°
0.799
0.76%
0.803
0.781
0.781
0.818
0.776
0.773
0.743
0.245
0.7¢4
0.804
0.880
0.R39
0.819
0.828
0.R25
0.829
0.B45
0.837

F-HOT

0.0000
N0.J057
0.00%54
0.0053
0.005¢
0.0059
0.005?
N.0054
N.2053
0.005R
0. 00568
0.0052

PHI-1

1muyy
1.805
1.819
1.793
1.807
1.782
1.707
1.740
1.778
1.816
1.78%
1.682



081

STANTON NUMBER CATA RUN 082473 wkx DISCRETE HNLE RIG *¥4 NAS-3-14334

TINF= T7.17 UINF= 31.0 XVG2 6.390 RHO= 0.07314& CP= 0.242

DISTANCE FROM ORIGIN OF BL Y0 1IST PLATE=42.910 P/D= 5
UNCERTAINTY [N REX=15370. UNCERTAINTY IN F=0.03228 IN RATIO

** Ma20.8, COLD RUN,y HIGH RE,y STEP T-WALL AT 1ST PLATE.

PLATE X REX T0 REENTH STANTON NO DST
1 50.30 0.67488E 06 103.8 0.72093€ 02 0.46506E-02 0.109E-03
2 52.30 0.70562€ 06 103.8 0.24641E 03 0.45875€-02 0.108€~03
3 54430 0.73636E 06 103.3 0.45478F 03 0.49812E-02 0.112E-03
4 56.30 0.76709S 06 103.9 0.67L48E 03 0.50957%-02 0.113E-03
5 58,30 0.79783E 06 103.9 0.88933E 03 0.49268E-02 0.111E-03
6 60.30 0.52857E Qo 103.9 0.10987¢ 04 0.47156F-02 0.109€E-03
7 62.30 0.85931t Q& 103.9 0.13032E 04 0.44294E-02 0.106F-03
B  64.30 0.89005E 06 103.8 0.15048E5 04 0.416T6E-02 0.104E-03
9 66.30 0.92079F 06 103.7 0.16993E 04 0.39869€-02 0.103€-03

10 68.30 0.95153€ 06 1038.8 0.18887E 04 0.38873F-02 0.102€E-03
11 70.30 0.98227E 06 103.8 0.20722E 04 0.37120E-02 0.999E-04
12 72.30 0.10130E 97 103.9 0.22519E 04 0.36169E-02 0.988E-04
13 T73.82 0.10364E 07 102.7 0.23671E 04 0.31385E-02 0.65BE-04
14 74.85 0.105228 07 102.7 0.24138€E 04 0.27604E-02 0.650E-04
15 75.88 0.10680E 07 103.7 0.24547E 04 0.24014E-02 0.600E~04
16 76.91 0.10839E 07 104.0 0.24909E 04 0.21600E-02 0.556E-04
17 77.95 0.10998E 07 104.3 0.25237€E 04 0.19817€-02 0.532E-04
18 78498 O0.11157E 07 104.3 0.25550E 04 0.19706E-02 0.532E-04
19 80.01 0.11315E 07 104.5 0.25851E 04 0.18278E-02 0.496E-04
20 81.0% 0.11477E 07 104.7 0.26135F 04 0.17578E-02 0.48lE-0%
21 82.07 0.11632E 07 104.5 0.26420E 04 0.18377%-02 0.500E-04
22 83.10 0.11790E 07 104.7 0.26T702F 04 0.17189€-02 0,.502E-04
23 B4.13 0.11948E 07 104.5 0.26973€ 04 0.16960F-02 0.500E-04
24 85.16 0.12107E 07 104.4 0.27244E 04 0.17234E-02 0,528E-04
25 86.20 0.12266E 07 102.6 0.27510E 04 0.163755-02 0.523€-04
26 8T7.23 0.12425£ 07 103.0 0.2TT8B1E 04 0.17830E-02 0.535E-04
27 88.26 0.12583E 07 104.2 0.28066% 04 0.18115E-02 D.528E-04%
28 89.29 0.12741FE 07 104.6 0.283495 04 0.17585F-02 0.510E-04
29 90.32 0.12600F 07 104.1 «2B647F 04 0.20067€-02 0.533E-04
30 91.35 0.13058% 07 104.8 0.23947E 04 0.17747€-02 0,521E-04
31 92.38 90.13216E 07 104.7 0.29232E N4 0.18186%-02 0.516F-04&
32 93.41 0.133758 07 104.5 0.29515€ 04 0.17523E~-02 0,.515E-04
33 95%.45 0.13534E 07 104.4 0.29796E 04 0.17979E-02 0.513E-04
34 95.48 0.13693F 07 103.8 0.30082€ 04 0.18153E-02 0.5105E-04
35 96.51 0,13851E 07 104.1 0.30369F 04 0.18052E-02 D.546E-04
36 97.54 0.14009E 07 103.3 0.30656E 04 0.18116E-02 0.616E-04

visc=

5. 0.

0.16801€-03

M F

75 0.0242

7. 0.73 0.0237

Q. 0.

75 0.0243

11. 0.76 0.0239
12. 0.74 0.0239

14. 0.

73 0.0237

15. 0.75 0.0243

16. 0.
17. 0.

T4 0.0241
15 0.0244

18. 0.74 0.0240

19. 0.

19.
19.
19.
19.
19.
19,
19.
19.
19.
19.
19.
19.
19.
19.
19.
19.
19.
19.
19.
13,
1°.
ln.
19,
19.

75 0.0243

T2

79.9
T9.8
79.9
79.9
719.8
80.1
80.!
80.0
80.1
80.0
80.1

PPN 714

THETA

0.085
0.081
N.086
0.786
0.381
0.79%4
0.094
0.091
3.392
0.088
0.793

DTH

0.010
0.010
0.010
0.010
0,010
0.010
0.010
0.010
0.010
0.010
%.010
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STANTCN NUMBER CATA RUN 082773
TINF=

78.8

UINF= 31.0

UNCERTAINTY IN REX=215394.

e M=

PLATE

[
OLONOWMSWNW

11
12
13
14
15
16
17
18
19
20
21l
22
23
24
25
26
27
28
29
30
31
32
33
34

36

0.8'

X
50.30
52.30
54.30
56.30
58.30
60.30
62.30
64.30

- 6630

68.30
70.30
72.30
73.82
T74.85
75.88
76.91
77.95
78.98
80.01
81l.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
89,29
90.32
91.35
92.38
93,41
94.45
95.48
9¢.51
97.54

REX
0.67594F
0.70673€
0.73752€
0.76831E
0.7991 0
0.R82988E
0.86067€
0.89146F
0.92225€
0.95303E
0.98382E
0.10146E
0.10380E
0.10539E
0.10697E
0.10857E
0.11016E
0.111T4F
0.11333E
0.11492F
0.11650E
0.11809E
0.11967E
0.12127E
0.12284€
0.12444E
0.12603E
0.12762€
0.12920€
0.13079€
0.13237€
0.13397E
0.13556€
0.13714c
0.13873Z
0.14032E

HOT RUN, HIGH RE,

06
06
06
06
06
06
06
06

Yo
108.2
108.3
108.2
108 .4
108.3
108.3
108.2
108.3
108.3
108.2
108.2
108.3
107 .6
107.7
108.5
108.7
108.9
109.0
109.0
109.1
109.1
109.0
108 .9
109.0
107.7
107.7
108.7
109.0
108.6
109.0
109.0
108.7
108.6
108.2
108.3
107.7

#+# DISCRCTE HOLL PIC *#+ MAS-3-14336

XV0= 6.390
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=42.910

RHO= 0.0731¢°

CP= 0.242
P/D= S

UNCERTAINTY IN F=0,03225 IN RATIN

REENTH
0.71660F
0.54239E
0.13651F
0.22034E
0.30289€
0.38263E
0.46155F
0.54109¢
0.61734E
0.69318E
0.76970E
0.84379€
0.88158¢E
0.8840TE
0.88619E
0.88806E
0.88980E
0.89147E
0.8930Q9E
0.8946TE
0.89626E
0.89786F
0.89943E
0.90098E
0.90248E
0.90406E
0.90575€
0.90743F
0.90923E
0.91108E
0.91284E
0.91462E
0.91641F
0.91823¢€
0.92009F
0.92195¢

02
03
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04

STEP T-WALL AT 1ST PLATE,

STANTON NO
0.46551F-02
0.41089E-02
0.41592E-02
0.40343E-02
0.36588€-02
0.32656E-02
0.286415-02
0.25430E-02
0.22953F-02
0.21325E-02
0.19337F-02
0.17535F~-02
0.17046E-02
0.14383E-02
0.12260€E-02
0.11308F-02
0.10635F-02
0.10376€-02
0.10149€-02
0.97625E-03
0.10168E-02
0.10003F-02
0.97517€-03
0.97663E-03
0.92200€-03
0.10706E-02
0.10602F-02
0.10469E-02
0.12228%-02
0.11113F-02
0.11092E-02
0.11253F-02
0.11322E-02
0.11601F~-02
0.11790E-02
J.116675-02

nsT
0.998E-04
0.944E-04
0.950F-04
0.935E-04
J.903E-04
0.871E-04
J0.842E-04
0.819E-04
N.803E~04
0.795F-04
N.T784E-04
0.773E-04
0.408E-04
0.4315-04
J.412E-04
0.396F-04
0.390E-04
0.391E-04
N.370E-04
0.361F-04
0.376E-04
0.391E-04
0.389F-04
0.406F-04
0.401F-04
0.414E-04&
0.407E-04
0.3965-04
0.407E-04
0.412F-04
0.405E-04
0.413E-04
0.404F-04
0.40LF-04&
0.439€-04
D.477E-04

VISC=

DREFNM

2'
l?.
21.
27'
33.
37.
41,
b4,
48,
51.
53.
56.
57.
5T,
57.
57.
57.
57.
57.
57.
57.
57.
57.
57.
57.
57.
57.
57.
57.
57.
57.
57.
57.
57.
5T
57.

0.73
0.74%
0.73
0.72
0.75
0.75
0.72
0.71
0.76
0.78
0.75

F

0.023%
0.,0238
0.0236
0.0235
0.0243
0.0243
0.0234%
0.0232
0.02%45
0.0252
0.0244

0.,16809E-03

T2

106.1
107.6
107.5
107.8
105.3
107.0
107.7
106.4
106.5
105.1
105.3:

PR20,71%

THETA

0.927
0.980
0.971
D.982
0.R39
0.958
0.930
0.938
0.942
0.895
2.9%0

NTH

2,012
N.N12
0.012
2.012
0.011
0.012
0.012
0.012
0.012
0.011 "
0.011



8T

FOLLOWING IS THE DATA FOR THETA=0 AND THETA=z1l, WHICH WAS OBTAINED BY LINTAR SUPERPACITION THENRY,
THIS DATA WAS PRODUCED FROM RUM 082473 AND RUN
FOR THE DETAIL CHANGES OF PROPFRTIES AND BOUNDARY

PLATE

VO~NOUNHWwh -

REXCNL

674877.1
705616.3
736355.3
767094 .4
797833.6
828572.7
859311.8
890050.9
920790.1
951529.2
982268.3
1013007.0
1036369.0
1052199.0
1068030.0
1083937.0
1099845.0
1115675.0
1131506.0
1147337.0
1163168.0
1178998.0
1194829.0
1210736.0
1226644.0
L242474.0
1258305.0
1274136.0
1289966.0
1305797.0
1321628.0
1337535.0
1353443.0
1369273.0
1385104.0
1400934.0

RE DEL2

72.1
215.4
36444
522.0
679.5
831.8
977.1

1114.5

1245.3

1372.1

145 .8

1613.7

1698.6

1747.6

1790.6

1828.5

1862.9

1895.8

1927.3

1957.0

1986.8

2016.3

2044.5

2072.8

2100.6

2128.9

2158.6

2188.1

2219.2

2250.3

2279.9

2309.3

2338.5

2368.2

2398.0

2427.7

ST(TH=0)

0. 004691
0.004636
0. 005055
0.005199
0.005048
0. 004859
0.004599
0. 004341
0.004170
0.004077
0. 003905
0.003832
0.003287
0.002897
0.002523
0. 002266
0.002077
J. 002067
0.001912
0.001839
0.001923
0.001793
0.001770
0.001801
0.001711
0.001857
0.001889
0.001832
0.002088
0.001843
0.001892
0.001817
0.001867
0.001883
0.001870
0.001878

REXHOT RE

675944,.3
706732.1
737519.8

768307.5 o

799095.3

829882.9

860670.7

891458.4

922246.1

953033.9

983821.6
1014609.0
1038008.0
1053863.0
1069719.0
1085651.0
1101584.0
1117440.0
1133295.0
1149151.0
1165007.0
1180863.0
1196718.0
1212651.0
1228583.0
1244439.0
1260295.0
1276150.0
1292006.0
1307862.0
1323718.0
1336650.0
1355583.0
1371438.0
1387294.0
1403150.0

082773

CONDITIONS,

DEL2

.7
568.2
1423.7

2279.1

3120.9
3959.4
4798.0
561446
6404.2
7202.9
8025.2
8837.3
9248.4
9271.9
9291.7
9309.3
9325.7
9341.4
9356.7
9371.7
938646
9401.8
9416.8
9431.5
9445.8
94460.8
9476.9
9492.9
9510.1
9527.9
9544.8
9561.8
9579.0
959645
9614.4
9632.4

ST(TH=1}

0.004655
0.004067
0.004141
0.003999
0.003633
0.003087
0.002788
0.002506
0.002171
0.002013
0.001703
0.001522
0.001609
0.001350
0.001147
0.001062
0.001002
0.000975
0.000961
0.200924
0.000962
0.000952
0.000927
0.000927
0.000874
0.001023
0.001010
0.000999
0.001170
0.001067
0.001062
0.001083
0.001088
0.00111¢
0.001137
0.001124

PLEASE

SEE THE

ETA

Uuuyy
0.123
0.181
0.231
0.2R0
0.365
0.394
0.423
0.479
0.506
0.564
0.£03
0.511
0.534
0.545
0.531
0.517
0.528
0.%98
0.497
0.500
0.4569
0.47¢
0.48%
N.489
0.449
0.465
0.455
0.439
0.421
0.439
0.404
0.417
0.407
0.39?

0.402

crre

JUBuY
1.033
1.322
l.46%
1.503
1.512
1.485
l.4406
1.427
1.430
1.400
1.201
1.219
1.084
0.952
2.862
0.796
0.799
C.T44
J.721
0.759
0.713
0.708
0,725
0.693
0.757
0.774%
0.755
0.865
D.768
0.793
0.765
0,790
0.801
J.799
0.806

ARCVE THN AUNT

F-COL

0.0000
0.0242
0.0237
0.0243
0.0239
0.02309
0.0237
0.0243
0.0241
0.0244
0.0240
0.0243

STHP

Juliigey
1.301
1.408
1.417
1.328
1.1k
1.070
0.980
0.364
0.813
0.698
0.632
0.674
0.569
0.486
0.453
0.430
0.429
0.416
0.402
0.421
0.418
0.409
0.411
0.389
0.458
0.454
0.451
0.530
0.48%
0.48%
0.4C6
0.500n
0.515
0.526
0.522

F-HNT

0.0099
0.n235
0.023R
0.17236
0.0235
N0.0243
0.0243
0.0234
0.0232
0.0245
0.2252
0. 0244

PHI=-1

(RIS
3.932
4.242
4,328
4,270
4.177
4.100
3.922
3.751
3.8642
3.738
3.5568
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STANTCN NUMBER DATA QUM 082973

TINF=

80.4

UINF= 3]1.1

XV0= 6.390

RHO= 0.07257

DISTANCE FROM DRIGIN OF BL TO 1ST PLATE=42.910
UNCERTAINTY TN REX=15277.

*% Mx].0, COLD RUN, HIGH RE,

PLATE

X
5$0.30
52.30
54.30
56.30
58.30
60,30
62.30
64.30
66.30
68.30
70.30
T2.30
73.82
74.85
75.88
76.91
77.95
T78.98
80.01
81.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
86.29
90.32
91.35
92.38
93.41
94.45
95.48
96451
97.54

REX
0.67080E
0.70136E
0.73191E
0.76246E
0.79302€
0.82357¢
0.35413E
0.88468E
0.91523¢
0.54579¢
0.97634E
0.10069E
0.10301E
0.10458F
0.10616E
0.10774E
0.10932E
0.11089E
0.11247E
0.11404E
0.11561F
0.11719E
0.11876E
0.1203 4E
0.12192E
0.12350E
0.12507E
0.12664E
0.12822¢
0.12979E
0.13137E
0.13295E
0.13453E
0.13610E
0.13767E
0.13925€

06
06
06
06
06
06
06
06
06
06
06
07
07
07
1)
o7
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07

TO

107.5
107.5
107.5
107.5
107.5
107.4
107.4
107 .4
107.5
107.5
107.5
107.5
105.5
105.3
106.3
106.7
107.0
106.8
107.1
107.3
107.2
107.4
107.2
107.0
105.0
105.6
106.8
107.2
106.9
107.6
107 .4
107.3
107.1
106.5
106 .8
106.0

®kk QISCRETE HOLE RIG #%*x NAS-3-14336

CP= 0.242
P/D= 5

UNCERTAINTY IN F=0,03228 IN RATIO

REENTH
0.70759E
0.24483E
0.45789E
0.68332E
0.91145€E
0.11281E
0.13392F
0.15492E
0.17508F
0.19459€
0.21361F
0.23233E
0.264407E
0.24859E
0.25254E
0.25597E
0.25906E
0.26202E
0.26489E
0.26757E
0.27027E
0.27294E
0.27548E
0.27800E
0.28051E
0.28305¢
0.28568E
0.28829E
0.25102€
0.29373E
0.29631E
0.29887E
0.30142E
0.30403E
0.30662E
0.30921F

02
03
03
03
03
04
04
04

STEP T-wWALL AT 1ST PLATE,

STANTON NO

0.46318€-02
0.46351F-02
0.51144E~-02
0.54325€-02
0.52269F-02
0.49019€E-02
0.46186E~02
0.43010E~-02
0.41065F-02
0.39612€-02
0.38148F-02
0374 T3E-02
0.30146F-02
0.27151E-02
0.23009E-02
0.20581E-02
0.18563E-02
0.19087€E~02
0.17320E-02
0.16699E-02
0.17556E-02
0.16380E-02
0.15810€-02
0.16201E-02
0.15663E~-02
0.16574E-02
0.16924F-02
0.16202E-02
0.18451€-02
0.15945€E-02
0.16722E-02
0.15867F-02
0.16428E-02
0.16687E~02
0.16303F-02
0.16584€E~02

DST
J.106E-03
0.106F-03
0.111E-03
0.114E-03
0.112E~-03
0.109€-03
0.106E-03
0.103E-03
0.101E-03
0.994E-04
0.980E-04
0.973E-04
D.633F-04
0.545E-04
0.588F-04
0.5445-04
0.518E-04
0.527E-04
0.486E-04
0.471E-04
0.492E-04
D.494E~-04
0.489E-04
0.521E-04
0.523E~-04
0.525E-04
0.516E-04
0.495E~-04
0.513E-04
0.500E-04
0.499€-04
0.496E-04
0.494E-04
0.493E-04&
0.5275-04
0.606E-04

VISC=

DREEN
2.
5.
9.

11.
13.
15,
16.
17.
19.
20,
21.
22.
23,
23.
23,
23,
23.
23,
23.
23.
23,
23,
23.
23.
23.
23.
23.
23.
23.
23.
23.
23,
23,
23.
23,
23,

]

0.95
0.95
0.95
0.94
0.95
0.95
0.95
0.96
0.97
0.96
0.95

0.16969€-03

F

0.0306
0.0309
0.0309
0.03 006
0.0307
0.0309
0.0308
0.0310
0.0314%
0.0310
0.0306

T2

82.3
32.2
82.3
82.3
82.1
B82.4
82.5
82.4
82.4
B2.4
B2.5

P2=0.715

THETA

0.069
0257
0.069
0.070
0.362
0.777
0.279
0.076
2.775
0.074
0.078

vy

0.009
2.0299
0.n09
0.009
9.009
0.009
0.009
0.009
0.209
0.00%
0.299
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STANTON NUMBER DATA RUN 083073

TINF= 82.6 UINF= 31.7

Xv0= 6.390 RHO= 0.,07240 CP= 0.242

DTSTANCE FROM ORIGIN OF BL TO IST PLATE=42.910 P/N= 5

UNCERTAINTY IN REX=15482.

** M=1.0y HOT RUN, HIGH RE,

PLATE X REX TO0
1 50.30 0.67981lE 06 109.
2 52.30 0.T1077E 06 109.
3 54.30 0.74174E 06 109,
4 56.30 0.77270€ 06 109.
5 58.30 0.30366E 06 109.
6 60.30 0.83463E 06 109.
7 62.30 0.86559E 06 109.
8 64.30 0.89656E 06 109.
9 66.30 0.92752E 06 109.

10 68.30 0.95848E 06 109.
11 70.30 0.98945E 06 105.
12 72.30 0.10204E 07 109,
13 73.82 0.10439€ 07 108.
14 74.85 0.1059St 07 108.
15 75.88 0.10758% 07 109.
16 76.91 0.10919€ 07 109.
17T 77.95 0.11079€ 07 109.
18 78.98 0.11238E 07 109.
19 80.01 92.11398E 07 109.
20 81.04 0.11557% 0T 109,
21 82.07 0.11717¢ 07 109.
22 83.10 0.11876E 07 109.

UNCERTAINTY IN F=0.03212 IN RATIO
STEP T-WALL AT 1ST PLATE,

REENTH STANT N NO oSt
9 0.7T0449E 02 J 45504E-02 0.103E-03
8 0.668566E 03 0.41817E-02 0.995E-04
T 0.17421F 04 0.44784E-02 0.1026-03
7 0.28354E 04 0.43950E-02 0.102E-03
8 0.39253% 04 0.39181€-02 0.9715-04%
8 0.49632E 04 0.33478E-02 0.924E-04
7 0.59805E 04 0.,289256-02 0.891F-04
7 0.70240FE 04 0.25573E~02 0.870E-04
7 0.80445E 04 0.21980E-02 0.848E-04
7 0.90469E 04 0.20452E~02 0.839E-04
7 D.10013E 05 0.17952E-02 D.B27E-04
7 0.10918E 05 0.17191F-02 0.824F-04%
8 0.11371E 05 0.11869E-02 0.362E-04
7 0.11390€ 05 0.11071E-02 0.427E-04
3 0.11406E 05 0.92543E-03 0D.416E-04%
5 0.11420E 05 0.84840F-03 D.404€-04
6 0.11433E 05 0.78265E-03 0.400E-04&
6 0.11445E 05 0.78392t-03 0.4045-04
6 0.11458F 05 0.75751F-03 0.380E-04
7 0.11470E 05 0.74852F~-03 0.373F-04&
7 0.11482E 05 0.76362E~03 0.387E-04
7 0.11494E 05 0.74530E-03 0.406F-04

23 84.13 0.12036E Q07 109.5 0.11506E 05 0.75448F-03 0.408E-04

24 B5.16 0.12196E 07 109.
25 86.20 0.12356E 07 108,
26 87.23 0.12516E 0T 1l08.
27 88.26 0.12675E 07 109,

6 0.11518E 0S5 0.72885F-03 0.421E~-04
6 0.11529€ 05 0.682325~03 0.420FE-04
5 0.11541€E 05 0.813756E~03 0.430€-04
4 0.11553E 05 0.756256~03 0.417E-24%

28 89.29 0.12834E 07 109.6 0.L1566F 05 0.76915F-03 0.408E-04

29 90.32 0.12994E 07 109.
30 91.35 0.13153E 07 109.
31 92.38 0.13313E 07 109.
32 93.41 0.13473E 07 109.
33 94.45 0.13633FE 07 109
34 95.48 0.13793E 07 109.
35 96.51 0.13952E 07 109.
36 97.54 O0.14112¢8 07 108.

3 0.11579€' 05 0.92472E-03 0.413E-04
7 0.11593F 05 0.82069€~03 0.423E-04
7 0.11606E 05 0.81250E-03 0.,4145-04
4 D.11619E 05 0.82940F~03 0.424F-04
4 0.11633E 05 0.85013E-03 0.4135-04
0 0.11646F 05 0.85659¢-03 0.4085-04
0 0.11660F 05 0.87666F~03 0.450E-04%

6 0.11674F 05 0.84975-03 0.481E-0%.

*¥% D] SCRETE HOLE RIG &% NAS-3-1433¢

vISC= 0.17081€E-03

DREEN
16.
29,
37.
44.
50.
55.
60.
b4,
68,
12,
75.
76.
6.
T6.
76,
T6.
T6.
T6.
76.
T6.
T6.
16,
76.
T16.
T6.
76.
T6.
76.
T76.
T6.
6.
T6.
T6.
75.
T6.

]

0.91
0.91
0'90
0.91
0.91
0.92
0.90
0.91
0.93
0.91
0.90

F

0.0295
0.2296
0.0293
0.02095
0.0295
0.0297
0.0292
0.0294
0.0300
2.2295
0.0292

T2

110.2
110.8
111.2
111.2
109.0
110.7
111.5
110.3
113.1
108.4%
107.6

PR=D. 714

THETA

1.015
1.040
1.1058
1.754
N.972
1.937
lL.0¢5
1.021
1.315
9.39590
N.921

DTH

0.013
0.013
0.213
7.013
0.013
n.2113
0.014
0.013
0.013
2.013
N.013



11:3

FOLLOWING 1S THE DATA FOR THETA=0 AND THETA=1, WHICH WAS DCRTATNED BY LINEAR SUPERPOSITION THEORY,
THIS DATA WAS PRODUCED FROM RUN 082973 AND

FOR THE OETAIL CHANGES OF PROPERTIFS AND BOHNDARY CONCTITIONS,

PLATE

ww W W NNNNNNNN NN o e e oo o ot bt g
O\Jg:wr»-g-otb-ao~U|& WRNSODIYOVPLPLN=OOEO~NOMPWN -

REXCOL

670803.8
701357.4
731910.9
162464.5
793018.1
823571.7
854125.3
884678.9
915232.4
945786.1
976339.6
1006893.0
1030114.0
1045849.0
1061584.0
1077395.0
1093207.0
1108942.0
1124677.0
1140412.0
1156147.0
1171882.0
1187617.0
1203429.0
1219240.0
1234975.0
1250710.0
1266445.0
1282181.0
1297916.0
1313651.0
1329462.0
1345274.0
1361005.0
1376744.0
1392479.0

RE DEL2

70.8
212.9
363.0
525.9
691.3
849.0
998 .2

1138.8
1271.7
1399.6
1523.3
1644.3
1729.3
1776.5
1817.8
1853.7
1886.0
1917.0
1946.9
1974.9
2003.0
2030.9
2057.3
2083.5
2109.7
2136.1
2163.6
2190.8
2219.2

2247 .2

2274 .0
2300.7
2327.0
2354.1
238l.0

2407.9

ST{TH=0)

0. 004632
0. 004670
0.005158
0.005505
0.005320
0. 005009
0.004757
0. 004441
0. 004259
0.0041 14
0. 003986
0.003935
0. 003155
0.002839
0.002407
0.002151
0.001939
0.001995
0. 001807
0.001741
0. 001832
0.001707
0.001645
0.001689
0. 001634
0.001722
0.001765
0.0015686
0.001916
0.0015 54
0.001738
0.001645
0. 001704
0.001731
0.001688
0.001721

REXHOT

679809.4
710773.2
T741737.0
772700.8
803664.5
B834628.3
865592.1
896555,.9
927519.6
958483 .4
589447.2
1020410.0
1043943.0
1059889.0
1075836.0
1091859.0
1107883.0
1123829.0
1136776.0
1155722.0
1171669.0
1187615.0
1203561.0
1219585.0
1235609.0
1251555.0
1267501.0
1283448.0
1299394.0
1315340.0
1331287.0
1347310.0
1363334.0
1379280.0
1395227.0
1411173.0

KUN 083073

RE DEL2

70.4
662.1
1711.1
2761.2
3802.3
4828.5
5841.8
6841.7
7825.5
8812.2
9792.4
10751.9
11237.7
11256.4
11273.0
11287.4
11300.7
11313.5
11326.0
11338.3
11350.6
11362.8
11375.0
11387.0
11398,5
11410.6
11423.4
11435.7
11449.5
11%63.6
11476.8
11490.1
11503.7
11517.5
11531.5
11545.5

ST{TH=1)

0.004550
0.004189
0.004504
0.004455%
0.003990
0.003301
0.002958
0.002672
0.002241
0.002076
0.001680
0.001529
0.001213
0.001130
0.000945
0.000866
0.000798
0.000800
0.000771
0.000762
0.700778
0.000758
0.000766
0.000742
0.000695
0.0008R26
0.00077T0
0.000781
0.000938
0.000832
0.000825
0.000840
0.000861
0.000868
0.000887
0.000861

PLEASE SEE THE

ETA

wuuu
0.103
0.127
0.191
0.250
0.341
0.378
0.398
0.474
0.495
0.579
0.611
0.616
0.£02
0.607
0.598
0.588
0.599
0.573
0.562
0.575
0.556
0.534
0.561
0.575
0.521
0.564
0.537
0.510
0.497
0.526
0.489
0.494
0.498
0.474
0.499

STCR

uuiy
1.08e9
1.347
1.548
1.581
1.556
1.532
1.477
1.456
l.441
1.427
1.437
L.168
1.061
0.907
0.817
0.743
0.770
0.703
0.682
0.722
0.678
0.657
J.679
0.661
0.701
0.722
0.69%
0.793
0.688
0.727
0.692
0.720
0.735
0.720
0.738

ABDVE TWQ RQUNS

F=COL

0.0000
0.0306
0.0309
0.03)9
0.0306
0.0207
0.0309
0.0308
0.0310
0.0314
0.0310
0.0306

STHR

Juuuusy
1.341
1.533
1.580
1.460
1.240
l.136
1.046
0.892
0.840
N.689
0.635
0.509
0.477
0.401
0.369
0.342
0.345
0.324
0.332
N.341
0.333
0.339
0.329
0.310
0.370
0.346
N.353
0.425
0.378
0.377
0.385
0.396
0.401
0.411
0.401

F=HN"

0.9900
0.0295
0.0296
0.0293
0.029%
0. 1295
0.0297
0.0202
0.0294
0.0300
0.0295
0.0292

PHT-1

e
4.529
4.975
5.129
5.078
4.823
4,751
4614
4.422
4.433
4.146
4.046
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e

VELOCITY PROFILE AT UINF= 100FT/SEC, M=0

DISCRETE HOLE RIG #¥% NAS-3-14336

RE X=
DELL=
CF2=

VELOCITY PROFIRLE

UINF=115.4 FT/SEC
TINF= 79.2 DEG F

YUINCHES )

0.010
0.011
0.012
0.014
0.016
0.018
0.021
0.024
0.027
0.031
0.035
0.040
0.045
0.052
0.060
0.070
0.080
0.090
0.105
0.120
0.135
0.153
0.175
0.200
0.230
0.260
0.290
0.320
0.360
0.395
0.435
0.485
0.535
0.585
0.635
0.685
0.735
0.785
0.835
0.885
0.935
0.985
1.035

0.28179€ 07
0-121 IN.
0.15603€-02

X= 53.0 INCHES PORT= 19
PINF= 2104. PSF
UIFT/SEC) Y+ Us UBAR
62.46 22.5 13.70 0.5412
63 .38 24.7 13.90 05491
63.74 27.0 13.98 0.5523
6h.T77 31.5 14. 21 0.5612
6% .85 36.0 14. 44 0.5706
66.56 40.5 14.60 0.5767
67 .84 47,2 14,88 0.5878
68.77 53.9 15.08 0.5959
69.62 60.7 15.27 0.6033
T1.05 69.7 15.59 0.6157
72.03 T8.7 15. 80 0.6241
T2.87 89.9 15.98 0.6314
73.95 101.1 16,22 0.6407
75.12 116.9 16.48 0.6509
T6.56 134,90 16. 79 0.6634
78.04 157.3 17.12 0.6762
79.27 179.8 17.39 0.6868
80.51 202.3 17.66 0.6976
82.23 236.0 18,04 0.7125
83.5%6 269.7 18.33 0.7240
85.01 303.4 18.65 0.7366
85.82 348.3 19.05 0.7523
88.08 393.3 19.32 0.7632
89.70 449.9 19.68 0.7773
91.68 516.9 20.11 0.7944
93.50 584.3 20. 51 0.8102
93.28 651.7 20.90 0.82536
96,63 719.2 21.20 0.8373
98 .60 809.1 21.63 0.8544
100.26 887.7 21.99 0.8688
102.23 977.6 22.43 0.8858
104.22 1090.0 22.86 0.9030
106.00 1202.3 23.25 0.9185
108.08 1314.7 23.M 0.9365
109.47 1427.1 24,01 0.9485
110.94 1539.4 24,33 0.9613
112.32 1651.8 24. 64 0.9732
113.02 1764.2 24.79 0.9793
113.95 1876.5 25.00 0.9874
116.77 1983.9 25,18 0.9944
115.10 2101.3 25.25 0.9973
115.36 2213.7 25.30 0.9995
115.41 2326.0 25.32 1.0000
RED2= 5347, XV0= 3,47 IN.
DEL2= 0.094IN. H= 1.29
OXV0= 0.76 DDEL1=0.002 DDEL2=0.001

1 1}]

0.07
0.07
0.07
0.07
0. 07
0.07
0.07
0.07
0.07
0.06
0.06
0.06
0. 06
0.06
0.06
0. 06
0.06
0.06
0. 06
0.06

0. 05
0.05
0. 05
0.05
0.05
0. 03
0.0%
0.05
0.05
0.04
0.04
0. 04
G. 04
0.04
0. 04
0. 04
0. 04
0.04
0. 04
0. 04
0.04
0. 04

DCF/2=0.156 IN RATIO




L8T

STANTON NUMBER DATA RUN 09137:-2 4% DISCRETE HOLE RIC *¥*% NAS-2-14336

TINF=

8C.0

UINF=116.1
DISTANCE FRCM CRIGIN OF BL TGO 1ST PLATE=48.470

LACERTAINTY IN REX=57156S.

*% M=0.0, FLAT PLATE RUN,

PL ATE

-
DD D) AN DAY

Pt s g e b
O 0 - O BN

NN
-0

22

X
50. 30
£2.3)
54.30
56.30
58.30
60.30
62.30
€4,30
66430
68.30
70.30
72,30
13.82
74485
15.88
76.51
17.¢5
78.98
80.01
81 .04
82.07
83.10
£4.13
€5.16
86.20
€7.23
83.26
89.29
90,32
S1.35
92.38
S3.41
S4. 45
S5.48
S6.51
S7.54

RE X
Je 28271E
2.29420E
0.30563E
0.31706E
0.32849E
0. 339913t
0.35136E
0.36279E
0.37422€E
0.38565E
0.3970SE
0.40852E
0.41721E
0.42309E
0. 42898E
0.43490E
0.44C081E
0.44670E
0.45259¢E
0.4584 TE
0. 4643 6E
0.47025&
0.47614E
0.48205E
0.48797E
0.49386E
0.49974E
0. 50583E

«£1152€
0.51741E

«£2329E
0.52921E
0.53E12€
0.54101¢
0.54690F
0.55279E

07
Q7
07
07
07

HIGH

70
102.7
102.8
102.9
132.9
102.8
132.6
102.8
102.9
102.9
102.8
102.8
103.0
102.8
102.4
103.3
103.3
103.4
103.2
103.3
103.5
103.2
103.5
103.1
103.1
100.8
101.2
102.5
103.5
132.8
104.0
103.8
103.4
133.2
102.3
103.0
102.7

XvC= 0.83Q

RE,

REENTH
0i18490E
C452002E
0481253E
C410900E
0413561F
0416145E
04d18668E
0421128E
G423E534E
Cl25901E
022823GE
0430526E
0432249E
0433422E
04345T74E
0435714E
Qa36837E
0.37568E
0439099€
03401 SSE
0441305E
Ci42412E
0+43483E
0444553E
0:45584E
Ci46607E
0447698E
0.48791E
044585 8E
0450996F
0452053E
0.53081E
Ci54094E
0455113E
Ci456135E
0457.158E

03
02

RHO=

0.07215

STEP T-wALL AT 1ST PLATE.

STANTON NO

0.22348E-02
0.2€283E-02
0.24889E-02
0.23660E-02
0.22882E-02
0.22335€E-02
0. 21B0Q5E-Q2
0.21239E-02
0.2(838E-02
0.20577E-02
0.20328E~02
0.15684E-02
0.20276E-02
0.19541E-02
0.19542E-02
0. 1S149E~-02
0.18929E-02
0.15458E-02
0.1E904E-02
0. 18422E-02
0.15103E-02
0.1E4G4E-02
0.17825€E-02
0.1€479E-02
0 «16504F-02
0.18201€E-02
D.1€816E-02
0.)8285F-02
0.1924£E-02
0.18034E-02
0.17837E-02
0.17020E-02
0.17372E-02
0.17187€E~-C2
0.17489E-02
0.17210E-C2

CP= J.242
P/D= §

ST
0.444F-04
0.391E-04
0.378E-04
0.368E-04
0.364E-04
0.359E-04
0.356E-04
0.351E-04
0.348E-04
0.347E-04
0.346E-04
0.337E~04
0.222E-04
0.321E-04
0.320E-04
0.311E-04
0.309E-04
0.317E-04
0.30EE-04
0.259E-04
0.310€-04
0.304E-04%
0.256E=04
0.314E-04
G.296E-04
0.318E-04
0.316F-04
0.303E-04
0.314E-04
0.268E~-04
0.293E~04
0.285F-04
0.291E-04
0.290E~04
0.300E-04
0.313E-04

VisSc=

TADIAB=

DREEN
3.

4. 0.00
6. 0.00
6. 0.00
Te 0,00 0.0000
8. o.oo
8‘ 0.00
9. 0.00 0.0000
S 0.00
0.00 0.0000
0.00
0.00

10.
10.
11.
11.
11.
11.
11.
11.
11.
11.
12.
12.
12.
12.
2.
12.
12.
12.
12.
12.
12.
13.
13.
13.
13.
13.
13.

0.16920€-02
8l.0

M F

0.0000
0.0000
0.0000

0.0000
0.0000

0.0000

0.0000
0.0000

102.8
102.9
102.9
102.8
102.9
102.8
102.9
102.9
102.8
102.8
103.0

PR=D.TLS

T HETA pr+
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.015
0.015
0.015
0.016
0.015
0.015
0.015
0.015
0.016
0.016
0.015
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STANTCN NUMBER DATA RUK

TINF=

78.

8 UINF=110.%
OISTANCE FROM CRIGIN OF BL TC 1ST FLATE=48.470

091273

UNCERTAINTY IN REX=54423,

kR k=

PLATE

o - RN e AT B N TV N

0-2’

X
50.30
£2.30
£4,.30
56.30
58430
604 30
62.30
64 .30
66430
€68.30
70.30
72.30
73.82
74 .85
75. 88
76.91
77.95
78.98
80.01
8l.04
82.07
€3.10
84.13
£5.16
€6.20
€7.23
88.26
89.29
90.32
S1.35
92.38
93.41
S4.45
S5.48
96.51
97.54

COLD RUN,

R% X
0.26623E
0.28011F
0.29100E
0.30188¢
0.321271¢
0.32565€E
0433454E
0.34542¢€
J«35631E
0.36719E
0.37808E
0.38896E
C.3S5723E
0.402B4E
0.40844E
0.41408E
0.41971E
0.42531E
0.43092E
0.43653E
0.44213E
0.44774E
0.45384E
0. 45898E
0.46451E
0.47C21E
0.47582E
0.48142E
0. 4870Q3E
0. 49264E
0.49824E
0.50381E
0.50951¢
0.51511¢E
C.52GF2E
0.52€32E

XVC= 0.830

RED=

0.07270

A%k CISCPETE kCLE RIC *3¥% NAS-3-14336

CP= 0.242
P/D= 5

UNCERTAINTY IN F=0.03001 IN RATIO

HLGH RZ, STEP T-wWALL AT 1ST PLATE.

07
07
07
07
07
o7
07
07
o7
07

T0

95.9
99.9
100.0
99.9
99.9
99.9
99.8
99.8
99.5
99.9
1V0.0
100.0
101.1
101.4
103.0
103.1
103.4
103.4
103.4
103.6
103.4
103.7
103.4
103.3
100.6
101.2
103.1
103.7
103.0
104.2
104.1
103.5
103.4
102. 4
103.1
102.7

REENTH
0417478
0454803E
C494S60C
0413524E
0417471E
0i21290€E
Ci2505SE
0.28833E
0432539E
0436204F
0439822E
0443363E
0145809E
0447112E
0448315E
0149454
0450543F
0.51613E
0452670E
04i53699E
0454728E
0.55758E
0.56744E
0457726E
0.58€83E
0.59636E
0460£53E
0461670E
0162700E
0463725E
Ci64714E
0465679E
0166632E
0167588E
0468550
0i69518E

03
03
g3
04
04
04
04
04
04
04
04
04
04

STANTCN NO

0.32114E-02
Ne28501E-02
0.2S780E-02
0.28939F=-02
0.281C6E-02
0.2T7033E-02
0.2€402E-02
0.28512E-02
0.28253E-02
0.25151E~02
0.24815E£-02
0.23948E-02
0.24553E-02
0.21944E-02
0.208813E-02
0.15703E~02
C.15068E-02
0.1¢047E-02
0.18604E~-02
0.18084E~Q2
0.1€5689E~02
0.18084E-02
0.17058E~02
0.17954E-02
0.16127E-02
0.17847E~-02
0.18400E~02
0.17851E-02
0.1€853E-02
O« 1766£E~-02
0.17563E-02
0.1€858E-02
0.17073E-02
0.17001E-02
0.17278E-02
0.17222E-02

ST
0.486E-04
0.452E-04
0.462E-04
0.455F~-0%
0.448E-04
0.440€-04
0.435€E-04
0.428E-04
0.424E-04
0.423E-04
0.419E-04%
0.411E-04
0.392E-24
0.356E-04
0.335€6-04
0.314E-04
0.305E-04
0.304%-04
0.295E=04
0.2B7E-04
0.295E~04
0.291E-04
0.278E~04%
0.201E-04
0.285E-04
0.305E-04
0.303E-04
0.290E-04
0.300E-04
0.286E-04
0.282€E-04
0.276E-04
0.280E-04
0.279E-04
0.290E~-04
0.310E-04

VISC= 0.16907E~-03

TADIAB=

DREEN
3-
T.
10.
12.
l4.
16.
18.
19.
21.
22.
23.
24 .
254
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25'
25.
25.
25.
25.
25.
25.
26.
26e
26.
26e.
26.

M

0.21
0.21
0.20
0.21
0.21
0.21
0.21
0.21
0.21
2.21
0.21

19.7

F

0.2069
0.0068
0.0065
0.0067
0.0067
0.0067
0.0068
0.0067
0.0069
0.0067
0.0067

T2

Bl.2
8l.1
81.2
8d.2
81.1
81.5
8l.

8l.4
8l.4
8l.3
8l.4

PR=0.,715

THETA

0.115
0.111
0.119
0.115
0.198
0.128
0.132
0.126
0.124
0.119
0.125

DT

0.012
0.012
0.012
0.012
0.012
0.012
0.012
0.012
0.012
0.012
D.012
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STANTCN MUMBER CATA RUN 091373-1 *x% DISCRETE HOLE RIC #%*x NAS-3-14336

TINF=

82.7

UINF=110.1

UNCERTAINTY IN REX=536¢1.

*k M=

PLATE

0.2'

X
50.30
52.30
S54. 30
£6.30
58.30
60. 30
62.30
64.30
66.30
68.30
70.30
12.30
13.82
714.85
75.88
16.91
T7.95
78.58
80.01
8l.04
82.07
83.10
84.13
€5.16
86.20
87.23
88.26
89.29
90.32
91.35
92.38
93.41
9% .45
$5.48
96.51
57.54

HOT RUN,

RE X
0.26546E
0.27619¢E
0.28€93E
0.25766E
0.30839E
0.31912E
0.32G€5E
0.34059E
0.35132E
0.36205E
0.37278E
0.38352E
0.39167E
0.39720€
0.40273E
0.40828E
0.41383E
0. 41936E
0.42489E
0. 43042E
0.43594E
0.44147E
0.44700E
0.45255€
0.45810E
0.46363E
0.46916E
0.47469E
0.48021E
0.48574E
0.49127E
0.49682E
0.502137€
C.50790E
0.513%3E
0.5189¢€F

HIGH RE,
T0
07 105.8
07 105.8
07 105.8
07 105.8
07 105.7
Q7 105.9
07 105.8
07 105.8
07 105.8
07 105.8
07 105.7
07 106.0
07 105.6
07 105.4
07 106.2
07 106.2
07 106.4
07 106.3
07 .106.2
07 106.3
07 .106.2
07 106.3
07 .106.2
07 106.2
07 104.2
07 104.4
07 10%5.8
07 106.3
07 105.7
07 10645
07 106.4
@7 105.9
07 105.9
07 105.1
07 105.6
07 1C5.2

XVC= 0.830
DISTANCE FROM GRIGIN OF BL TO 1ST PLATE=48.470

RHO= 0.07221

CP= 0.242
PID= &

UNCERTAIMNTY IN F=0.C3002 IN RATIO

REENTH
0417124
0i81066E
0317465E
0426502E
0435328E
0i44058E
0452736
0i61558E
C470078E
0478357€E
0486453E
0494203
0498466E
0399327
0410015k
CJ10LSTE
O110177E
0410257E
03410337€
0310416E
041 0495E
0i10575E
0410€53E
G4i10730E
01108CEE
0:10880E
(§10S5SE
0411040E
0il1123E
0411207E
0i11287E
0411367E
0411445E
QallE24E
0311504
Cil1684E

STEP T-WALL AT 1ST PLATE.

STANTON NO

0.21910E-C2
0.236076-02
0.22171E-02
0.20457€~02
0.16100E-02
0.18201E-02
0.17240E-02
0.1€132E-02
0.15627£-02
0.153€64E~-02
0.15044E-02
0.14564E-02
0.16050E-02
0.1508CE-02
0.14812E-02
0.14615E-02
0.14338E-~02
0.14826E-C2
0.14456E-02
0.14147€E-02
0.14521E-02
D.14371E-02
0.13690E-02
0.14245E-02
0.12964E-02
0.13850€-02
0.14822E-02
0.14529E-02
0.15436E-02
0. 14T42E-02
0.14451E-02
0.14202E-02
0.14256E~02
0.14219E-02
0.14492E-02
0.14445E-02

DST
0.444E-04
0.376E-04
0.365E-04
0.354E-04
0.346E-04
0.338FE-04
0.333E-04
0.326E-04
0.323E-04
0.321E-04
0.321E-04
0.315€6-04
0.263E-04
0.263E-04%
0.259E-C4
0.253E~04
0.250E-Q4
0.253E-04
0.248E~04
0.243E-04
0.250E~04
0.252E-04
0.244E-04
0.259E-04
0.248E-04
0.258E-04
0.265E-04
0.256E-04
0.266E-04
0.260E-04%
0.254E-04
0.254E-04
0.254E-0%
0.254€E-04
0.266E-04
0.282E-0%

VISC=

TADIAB=

DREEN

12.
21.
27.
32.
36.
39.
43,
46.
49.
51.
54.
55.
55.
55«
554
55.
55.
55.
55.
55.
55.
55.
55
55.
55.
55.
55.
55.
55.
55.
55.
55.
55.
55.
55.

M

0.21
0.21
0.20
0.21
0' 21
0.21
0.21
0.20
0.21
0.21
0. 21

83.6

[

0.0070
0.0069
0.0065
0.0068
0.0069
0.0068
0.0067
0.0066
0.0069
0.0068
0.0067

0.17095E-03

T2

103.8
104.4
104. 4
104.5
103.3
10%.7
105.5
10%.1
103.5
102.3
102.3

PRz0,715

THETA

0.914
0.936
0.939
0.946
0.888
0.953
0.987
0.927
0.900
0.850
0.842

DTH

0.015
0.015
0.015
0.015
0.014&
0.015
0.015
0.015
0.015
0.014
0.014
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FOLLOWING IS THE DATA FOR THETA=0 AND THETA=l, WHICH WAS CBTAINED BY LINEAR SUPERPOSITION THEORY.

THIS DATA WAS PROCUCED FRCM RUN 091273
FOR THE DETAIL CHANGES OF PRCPERTIES AND BCUNOARY CCNCITIONS,

PLATE

VO~ pHwpoM

RE XCOL

2692309.0
280114¢.0
2909992.0
3C186838. 0
3127684.9
3236525.0
3345375.0
3454221.0
35630617.0
3671513.0
3782758.0
3889604.0
3672327.0
4028383.0
4084438.0
4140765.0
4197093.0
4253149.9
4309204.0
4365260.0
4421316.0
4477372.0
4533421.0
4£85154.0
4646082.0
41702138.0
4758193.0
481424S.0
4870305.0
4926360.0
4982416.9
5038743.0
5065071.0
5151127.0
5207182.0
5263238.0

RE DEL2

174 .8
508 .5

835.1
1166.8
14390.7
1804.2
2109. 4
2407 .5
2699.8
2990 .9
328J.0
3562 .9
31747
3911.6
4037.3
4155.9
4268.9
4379.5
4489.2
4595.6
4701 .9
4808.1
4909 .7
5010.9
£109.5
5207.8
5312.8
5417 .4
5523.3
5628 .4
51729.8
5828.9
5926.4
6024 .4
6122.9
6222.1

ST(TH=0}

0.003211
0.002920
0. (C3080
0.003016
0.002535
0.002826
0.0027€2
0.002685
0.002676
0.002672
2.002641
0.002558
0.002583
0.0022¢<8
0.002180
0. 02047
0.001s82
0.001673
0.001523
0.0018¢8
0.001920
0.CO0LlE€s
0.001757
0.001851
0.C01660
0.001845
0.€01854
0.001835
0.001937
0.001811
0. C01803
0.001726
0.001750
0.001742
0.601770
0,0017¢€4

REXHOT

2654612.0
2761934.0
2869256.0
267657840
3€82900.0
3191222.0
326854549
3405867.0
3513189.0
3620511.0
3727833.9
3835155.0
3916720.0
3971991.0
4027262.0
4082800.0
4138340.0
4192£11.0
4248881.0
4304152.0
43556424.0
4414695.9
4465966.0
4525504.0
4581043.0
4636314.0
4651585.0
4746856.0
4802128.0
48573598.0
4912669.0
4568208.0
5023747.0
5079018.0
5134289.0
5185560.0

RE CELZ2

1171.2
840.1
1826.1
2768.2
3685.1
4609.2
£526.3
€426.17
1303.6
£1€2.6
S067.2
€932.5
10432.2
104E3.6
1C562.6
1Cé41.C
10718.2
1C765.4
10873.1
10949.5
11026.5
11104.¢
11180.2
11255.4
1132¢€.7
11400.8
11477.¢
11557.1
1163¢€.1
11719.8
11768.8
1187€.4
11953.5
12030.7
12108.5
12187.0

AND RUN 091372-1

ST(TH=1)

C.003191
0.032308
0.002158
0.001583
0.001851
0.001693
0.001672
0.001599
0.001475
C.001410
0.901304
0.001249
0.001516
0.00143¢
0.001418
C. 001408
0.001383
0.001405
0.001402
0.001373
0.001409
0.001398
0.001334
0.001386
0.001262
0.001343
0.001445
C.001418
0.001508
0.001444
0.001412
0.001392
0.00139¢
0.001393
0.001420
0.001415

ETA

LLuuy
0.210
04299
04342
01369
04401
0,399
0.407
04449
06472
04506
0.512
0.413
0.375
04350
0.312
04302
04288
04271
04265
04266
04250
0.241
04252
04 239
0.272
04237
0.227
03221
0,203
Q4217
04193
04202
0. 201
04198
04198

$TCR

Uy
0.876
1.035
1.091
1.122
1.130
1.154
1.153
1.177
1. 204
1.216
1.202
1. 231
1.105
1.057
1.001
0.977
0.980
0,962
0.941
0.975
0.953
0.903
0,958
0.865
0.966
0.998
0.972
1.032
0.970
0.971
0.934
0.952
0.952
0.972
0,973

PLEASE SEE THE ABOVE TWO RUNS

F=-COL

0.0000
0. 0069
0.0068
0.0065
0.0067
0. 0067
0.0067
0. 0068
0.0067
0. 0069
0.0067
0. 0067

STHR

uvuuuuy
0.958
0.951
B.910
0.877
0.823
8.830
0,809
0.759
0.737
0.691
0.670
g.821
0.782

0.777

0.776
0.766
p.782
8.784
0.772

D.796

0.793
0.760

0.793

0.726
0.776
D.838
8.826
0.881
/o. %1
0.832
0.823
0.828
0.829
8. 848
0.848

==-40T7

 0.3000

0.0070
0.2069
0. 0065
0.0068
0.0069
0. 0068
0. 0067
0.0066

- 0. 0069

0. 0068
0.0067

PHI-1

usJsil
2.078
2.126
20049
2.086
2.064
2,085
2.057
1.995
2.035
1. 979
1.947
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100874 #&&% FOLLONING PROFILES ARE FOR HEATED STARTING RUN

DISCRETE HOLE RIG *#% NAS-3-14336

REX=
DELL=
CF2=

VELOCITY PROFILE

UINF= S54.4 FT/SEC X= 50.3 INCHES PORT= 19
TINF= T74.9 OEG F PINF= 2118. PSF
YUINCHES )} ULFT/SEC) Y+ u+ UBAR
0.010 23 .58 11.3 10,52 0.4336
0.011 2&.20 12.4 10. 80 0.4448
0.012 24,89 13.5 1111 0.4576
0.013 25.46 14.7 11.36 0.4681
0.014 26.16 15.8 11.68 0.4810
0.015 26 .68 16.9 11.91 0.4905
0.016 27.16 18.0 12.12 0.4993
0.018 28.06 20.3 12.52 0.5160
0.020 29.01 22.6 12.94 0.5333
0.023 29.80 25.9 13.30 0.5479
0.027 39.87 30.5 13.78 0.5675
0.031 31.44 35.0 14.03 0.5781
0.037 32.39 41.7 14.45 0.5955
0.044 33.20 49.6 14, 82 0.6105
0.051 33.72 37.5 15.05 0.6200
0.059 34.39 66.5 15.35 0.6322
0.067 35.02 75.6 15.63 0.6439
0.076 35.59 85.7 15.88 0.6543
0.086 36.15 97.0 16.13 0.6646
0.096 36.77 108.3 16. 41 0.6T760
0.111 37.45 125.2 16.T1 0.6885
0.131 38.30 147.8 17.09 0.7041
0.156 39.33 175.9 17.55 0.7230
0.186 40.43 209.8 18,04 0.7434
0.221 41.55 249.3 18.54 0.7639
0.261 42.88 294.4 19.14 0.7884
0.311 4h,12 350.8 19.69 0.8112
0.361 45.48 407.2 20.30 0.8362
0. 411 -+ 4068 463.6 20,83 0.8582
0.461 47.96 519.9 21. 40 0.8817
0.511 48.92 576.3 21.83 0.8995
0.561 49.83 632.7 22. 24 0.9162
0.611 50.83 689.1 22.68 0.9345
0.661 51.67 745.5 23.06 0.9499
0.711 52.37 801.9 23,37 0.9628
0.761 52.98 858.3 23,64 0.9740
0.811 53.50 94.7 23,08 0.9836
0.861 53 .87 971.1 24, 04 0.9904
0.911 S5h.12 1027.5 24,15 0.9950
0.961 54.33 1083.9 24,25 0.9989
1.011 54.39 1140.3 24.27 1.0000
0.12471E 07 RED2= 2786. XV0= 4.75 IN.
0.136 IN. DEL2= 0.102]N. H= 1033
0.,16972€-02 DXvD= Q.68 DDEL1=0.002 DDEL2=0.001

ov

0.19
0.19
0.18
0.18
0.17
0.17
0.17
0.16
0. 16
0.15
0.1%
0. 14
0.14
0. 14
0.13
0.13
0.13
0.13
0.13
0.12
0.12
0.12
Q.12
0.11
0. 11
O.11
0.10
0.10
o. lo
0.09
0.09
0.09
0.09
o.m
0.09
0.09
0.08
0. 08
0.08
0.08
0.08

TEMPERATURE PROFILE

Y{INCHES) T{DEG F)
0.0065 93.07
0.0075 92.22
0.0085 91.06
0.0095 90.15
0.0105 89.34
0.0115 88.64
0.0135 87.58
0.0155 86.77
0.0175 85.06
0.0203 85.27
0.0235 84.69
0.0275 84.16
0.0325 88.66
0.0395 83,08
0.0495 82.43
0.0645 81.79
0. 0845 8i.11
0.1095 80 .44
0.1445 19.73
0.1945 78.91
0.2545 78.09
0.3295 17.26
0.4045 7859
0.4795 76 .03
0.5545 15.61
0.6295 15.29
0.6793 75.11
0.7295 TA 97
0.7795 T4 .88
0.8295 T¢.82
0.8795 T4.73
0.9295 Th 67

DEND2=0.001 DREEN= 25.

DCF/2=0.100 IN RATIO

TEBAR

0.7131

0.6804
0.6352

0.6001

0.5685
0.5413
0.500%
0.46808

O.4416
0.4110
0.3883
0.3679
0.3485
0.3238
0.3008
0.2758
0.2497
0.2235
0.1962
0.1643
0.1324
0.1004
0.0742
0.0325
0.0365
0.0240
0.0171
0.0114
0.0080
0.0057
0,0023
0.0000

T0=100.47 F
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STANTON NUMRER DATA

TINF=

T4.5
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=44.550

UINF=

RUN

53.2

UNCERTAINTY IM REX=26701.

% M=

PLATE

VoOo~Nownds WM~

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

0.0,

X
50.30
52.3¢C
54.30
56.30
58.30
60.30
62.30
64.30
66.30
68.30
710.30
72.30
73.82
T4.85
75.88
76.91
17.95
78.98
80.01
81.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
89.29
90.32
91.35
92.38
93.41
94.45
95.48
96.51
97.54%

FLAT PLATE

REX
0.12162E
0.12697€
0.13231€
0.13765F
0.14299E
0.14833E
0.15367F
0.15901E
0.16435E
0.16969F
0.17503E
0.1803 7€
0.18443F
0.187L8E
0.18993E
0.15269E
0.19545E
0.19820E
0.20095E
0.20371E
0.20646E
0.20921E
0.21196E
0.21472¢
0.21748E
0.22023E
0.22296E
0.22573F
0.22848E
0.23123F
0.23398E
0.23675E
0.?73951E
0.24226E
0.24501€
0.247TT6E

RUN,

o7
07
o7
07
07
07
07
o7

VISC=

100273 wwk DISCRETE HOLE PIG %= NAS-3-14336
XV0= 4,750 RHO= 0.07355 CP=z 0.242
P/D=5
HIGH RE, STEP T-WALL AT 24 IM UPSREAM OF 187 PLATE
T0 REENTH STANYCN NO DsSTY DREFN
100,.5 0.18157E 04 0.24234E-02 0.541E-04 80.
100 .4 0.19431F 04 0.23464F-02 0.539€-04 80,
100.4 0.20681E 04 0.23355E-02 0.538E-04 80.
100.3 0.21916E 04 N.22918E-02 0.537e-04 80.
100.2 0.23128E 04 0.226 ME-02 0.537¢-04 80.
100.3 0.24327E 04 0.22414F-02 0.536F-04 80,
100 .4 0.25515Et 04 0.22057E-02 0.533E-04 80.
100.3 0.26685E 04 0.21784E~-02 0.532E-D4 80.
100 .4 0.27843E 04 0.21586E-02 0.5315-04 80.
100.2 0.28990E 04 0.21372E-02 0.534E-04 80.
100.1 0.30123E 04 0.21062F-02 0.533E-04 80.
100.2 0.31228E 04 0.20321E-02 0.528F-04 80,
100.1 0.32065€ 04 0.21348E-02 0.363E-04 80.
100.0 0.32639E 04 0.20345E-02 0.3755-04 80.
100.7 0.33199F 04 0.20310F-02 0.377E-04 80.
100.7 0.33753E 04 0.19952F-02 0.3695-04 RO.
100.8 0.34298E 04 0.19673E-02 0.367€-04 80.
130.6 0.34848F 04 0.20280E-02 0.376E-04 80.
100.6 0.35402F 04 0.19937E-02 0.363F-04 80.
100.9 0.35940E 04 0.19151E-02 0.352F-04 80.
100.6 0.36486E 04 0.20484E-02 0.372E-04 30.
100.8 0.37037E 04 0.19514F-02 0.369E-04 80.
100.6 0.375L3F 04 0.18733E-02 D0.361E-04 80,
100.3 0.38084F 04 0.19097E-02 0.387t-04 80.
97.8 0.38571E 04 0.16289E-02 0.363€E-04 80.
98.1 0.39055E 04 0.18807E-02 O0.387E-~04 80.
100.0 0.39586E 04 0.19820€-02 0.3B9E-04 80.
100.7 0.40125E 04 0.193076-02 0.370E-04 80.
100.2 0.40662E 04 0.19722E~-02 0.368E-04 80.
101.1 0.41197F 04 0.19089E-02 0.369F-04 890,
101.0 0.41727€ 04 0.19432E-02 0.367E-04 80.
100.8 0.42246F 04 0.18265E-02 0.3585-04 A0.
100.6 0.42756E 04 0.18800E-02 0.3615-04 80.
100.1 0.43276E 04 0.18966E~-02 0.360E-04 30.
100.5 0.43796E 04 0.18798E-02 0.377€-04 80,
99.9 0.44311F 04 0.18593F~02 0.4135-04 91.

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

F

0.0000
0.3300
0.0200
0.7000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0900

0.16598€-03

T2

100.4
100.4
100.3
100.2
100.3
100.4
100.3
100.4
100.2
100.1
100.2

PR=3,717

THETA

1.000
1,209
l.',nn
1.300
1.700
1.000
1.090
1.000
1.000
1.700
1.209

7H

0.014
0.J14
N.014
0.014
0.014
0.014
0.0'4
0.014
0.014&
0.n14
0.014
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TINF=

75.6

UINF=

52.7

XVO= 4,750

UNCERTAINTY IN REX=26321.

RHU= 0.07333
DISTANCE FROM OKIGIN OF BL YO 1ST PLATE=44,550

© STANTON NUMBER DATA RUN 101173-2 &% DISCRETE HOLE RIG *&x NAS-3-14336

CP= 0.242
P/ID= 5

UNCFRTAINTY IN £=0,03028 IN RATIOD

VISC= 0.16699E-03

** M=0.,2, COLD RUNy HIGH REy STEP T-WALL AT 24 IN., UPSTREAM OF 1ST PLATE,

PLATE

X
50.30
52.30
54.30
56.30
58.30
60.30
62.30
64.30
66430
68.30
70.30
72.30
73.82
T74.85
75.88
16.91
77.95
78.98
80.01
81.04
82.07
83.10
84.13
85. 16
86.20
87.23
88.26
89.29
90.32
91.35
92.38
93.41
94.45
95.48
96.51
97.54

REX
0.11989E
0.12515€
0.13042E
0.13568€
0.14095E
0.14621E
0.15148E
0.15674E
0.16200E
0.16727€
0.17253E
0.17780E
0.18180E
0.18451E
0.18722¢
0.18994E
0.1926 7€
0.19538E
0.19809E
0.20080E
0.20351E
0.20622E
0.20893E
0.21166E
0.21438E
0.21709E
0.21980€
0.22252€
0.22523E
0.22794E
0.2306 5E
0.2333 7
0.23610€
0.23881E
0.24152€
0.24423E

07
07
07
07
07
07
7
07
07
07
07
07
o1
o7
07
07
or
07
07
07
07
07
07
07
a7
07
07
07
07
7
07
07
07
07
07
07

T0
101.9
101.9
101.9
101.9
101.9
101.9
101.9
101.9
101.9
101.9
101.9
102.0
i0l.1
101.2
102.0
102.2
102 .4
102.3
102.4
102.6
102.4
102.6
102.4
192.1

99.7
100.2
102.0
102.6
102.0
102.9
102.8
102.6

. 102.5

101.8

"102.2

101.5

REENTH
0.17898€
0.196C4E
0.21815E
0.24087F
0.26338E
0.28553F
0.30752¢E
0.32946E
0.35114E
0.37260E
0.39385E
0.41491E
0.42866F
0.4347SE
0.44050E
0.44599E
0.45125€
0.45644E
0.46158F
0.46655E
0.47159€
0.47662E
0.48142¢
0.48617€E
0.49065¢E
0.49517E
0.50012E
0.50508E
0.51004E
0.51497¢€
0.51986€E
0.52468E
0.52941F
0.53475€F
0.53915¢
054399

04
04
04
04
04
04
04
04
04
04
04
0%
04
04
04
04
04
04
04
04
04
04
04
04
04
04
0%
04
04
0%
04
04
04
04
04
04

STANTON NO
0.23837¢-02
0.26997E-02
0.29464E~02
0.29550€-02
0.28569F-02
0.28161€E~-02
0.27433F-02
0.26910F-02
0.26444E-02
0.26468E-02
0.25861E-02
0.25081F-02
0.23680E-02
0.21468E-02
0.20664E-02
0.19756E-02
0.18997E-02
0.19263E-02
0.18617E-02
0.17996E-02
0.19116E-02
0.17946F-02
0.17447€E-02
0.17549€-02
0.15458E-02
0.17845€-02
0.18625E-02
0,17936E-02
0.18585E-02
0.17725E-02
0.183056~-02
0.,17217€-02
0.17643E-02
0.18069€-02
0.17979€=-02
0.17703F-02

DeY
).537E~04
0.5545-04
0.5675-04
J.567E-04
0.561E-04
0.560F-04&
0.556E-04
0.554€E-04
B.551E-04
0.552E-04
0.548E-04
0.543E-04
0.391E-04
0.390E-04
0.3B2E-04
0.366E-04
0.357E-04
0.361E-04
0.345E~04
0.335E-04
0.352E-04
N.348E-04
0.343E-04
0.3656-04
0.348E-04
0.370E-04
0.369E-04
0.350E-04
0.351F-04&
0.351E-04
0.351%-04
0.343E-04
0.344E-04
0.346E-04
J.366F-04
0.4035-04

DREEN
19.
19.
T9.
Te.
19.
19.
7°.
80.
80.
80.
8n,
80.
80.
80.
80.
80.
a0.
80.
80.
80.
80.
80.
80.
80.
80.
80.
80.
8n.
80.
80'
80.
80.
80.
80.
80.
80.

]

0.22
0.21
2.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21

[S

0.0070
0.0069
0.0068
0.2068
0.0048
0.3068
0.0069
0.0069
0.0069
0.0069
0,0068

T2

80.8
R0.R
80.8
80.9
80.9
81l.1
8l.1
Bl.l
8t.0
80.9
81.3

pR=20,718

THETA

0.199
0,197
0.201
J.7201
9.201
0.209
0.212
0.209
0.208
D.204
0.219

DTH

n.010
0.210
0.010
0.710
0.010
N.010
0.010
0.010
0.010
0.210
0.010
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STANTON NUMBER DATA RUN

TINF=

72.8

1012

UINF= 53.0

UNCERTAINTY IN REX=26743.

e M=

PLATE

0.2,

X
50.30
52.30
54.30
56.30
58.30
60.30
62.30
64,30
66.30
68.30
70.30
712.30
73.82
74.85
15.88
76.91
77.95
78.98
80.01
8l.04
82.07
83,10
84.13
85.16
86.20
87.23
88.26
89.29
90.32
91.35
92.38
93.41
94.45
95.48
96.51
97.54

HOT RUN,y HIGH RE,

REX
0.12181E
0.12716€
0.13251€
0.13786E
0.14321%
0.14855E
0.15390€
0.15925E
0.16460E
0.16995E
0.17530€E
0.18065€
0.18471E
0.18747€
0.19022E
0.19299E
0.19576E
0.19851E
0.20126E
0.20402¢
0.20677E
0.20953¢
0.21228E
0.21505€
0.21782E
0.22057¢
0.22333E
0.22608E
0.22884E
0.23159€
0.23434E
0.23711E
0.23988E
0.26264E
0.24539E
0.2481 4F

o7
07
o7
07
n7
07
ov
07
07
07

T0
103.6
103.6
103.6
108.5
103.5
103.6
103.6
103.6
103.5
103.5
103 .4
103.4
103.2
103.0
103.9
103.9
104.1
104.2
104.0
104.2
104.2
104.0
103.9
104.0
102.1
102 .4
103.9
104.1
103.6
104.1
104,11
103.6
103.7
103.0
103.3
102.7

73 xkk D] SCRETE HOLF RIG %%+% NAS-3-143356

XV0= 4,750

RHO=
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=44.550

0.07393

CP= 0.242
pP/D= 5

UNCERTATNTY IN F=0.03027 IN PATIO

REENTH
0.18185F
0.21192E
0.26043E
0.30849%
0.35412F
0.39867E
0.44064C
0.48)58BE
0.52289€
0.56450€E
0.60595E
0.64734E
0.67087F
0.67528E
0.67952F
0.68367E
N.68778E
0.69182F
0.69586F
0.69988E
0.70392¢
0.70801€E
0.71201%
0.71594E
0,71969€
0.72358E
0.72775E
0,73186E
0.73600F
0.74018E
0.T443TE
0.74854E
0.T5265E
0.75683E
0.76109%
N.76534c

04
04

STANTN NO
D.24269E-02
0.21732E-02
0.21857E-02
0.21008E-02
0.19802F-02
0.18958E-02
0.18110E-02
0.17252E-02
0.16729E-02
0.16462E-02
0.15863€-02
0.14937E-02
0.16385E-02
0.15639E-02
0.15111€-02
0.14993E-02
0.147726-02
0.14534E-02
0.14795€-02
0.14345F-02
0.14948E-02
0.14756E-02
0.14235E-02
0.14252€-0?
0.12929€-02
0.153186-02
0.14915E-02
0.14880E-02
0.15148€-02
0.15152€~02
0.152 71E-02
0.14928E-02
1.14911F-02
0+15403E~02
0.15445E-02
0.15375E-02

nsT
0.461FE-04
0.450E-04
0.451F-04
0.449€-04
0.445E-04%
0.440E-04
0.437E~-04
0.434E-D4
0.433E-04
0.433E-04
0.432E-04
0.429E~-04
0.273E-04
0.288E-04
0.287%-04
0.281F-04
0.279E-04
0.278E-04
0.272€-04
0.266E-04
0.277E-04
0.282E-04
0.277E-24
0.291E-04
0.276E-04
0.298E-04
0.292E~04
0.285E-04
0.283€~-04
0.292F-N%&
0.290E-04
0.289F-04
0.287F-04
0.237E-04
0.306E-04
N.3365-04

VISCs

STEP T-WALL AT 24 IN. UPSTREAM OF 1ST PLATE.

DRFEN
80.
80.
8l.
810
82.
82,
a3.
83.
83.
84,
84.
84.
85.
85.
a5,
85.
85.
AS.
85.
85.
a5,
35.
gq.
85.
85.
85-
85,
85.
85.
85.
85.
85.
85.
85.
35.
8S.

]

0.21
0.23
0.21
0.20
0.21
0.18
0.19
0.18
0.20
0.19
0.19

[

0.0069
0.0074
0.2068
0.0066
0,3067
0.7057
0.0061
0.0060
0.336&
0.9060
0.3063

0.16523€-03

T2

102.5
102.6
102.3
102.9
102.2
102.9
103.6
103.1
103,2
103.0
104.4

PP=0.T715

THFTA

0.965
0.967
0.260
0.980
0.954%
0.979
0.787
0.991
0.985
1.030

NTH

0.011
N.211
0.011
0.011
0.011
0.011
0.011
0.011
n. 011
0.011
0.012
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FOLLOWING 1S THE DATA FOR THETA=O AND THETA=1, WHICH WAS OBTAINED BY LINEAR SUYPERPOSITION THEODRY,
THIS DATA WAS PRODYCED FROM RUN 101173-2 AND RUN 101273

FOR THE DETAIL CHANGES CF PROPERTIES AND BOUNDARY CONDITIONS,

PLATE

-
= OWOWOENOVLPWN -

[Nl el el ol o
QVEBNCTWVMIWN

NNV NNN
CNMPWN ™

WNNN
O DM~

R R AT
W N~

wWww
.o

REXCOL

1158907.0
1251549.0
1304190.0
1356831.0
1409473.0
1462114.0
1514756.0
1567397.0
1620038.0
1672680.0
1725321.0
17779%3.0
1817970.0
1845080.0
1872191.0
1899432.0
1926674.0
1953785.0

1980895.0

20080C5.0
2035116.0
2062226.0
2089336.0
2116578.0
2143820.0
2170930.0
2198041.0
2225151.0

2252262.0.

2279372.0
2306482.0
2333724.9
2360966.0
2388076.0
2415186.0

'2442297.0

RE DEL2

S\

1789.8
1927.2
2084.5
2250.9
2415.8
25T77.5
2737.0
2393.5
3047.6
3200.7
3352.4
3500.5
3608.5
3674.5
3735.7
3794 .3
3850.1
3905.3
3959.7
4012.1
4065.3
4118.2
4168.5
4218 .4
4265.3
4312.3
4364.0
4416.1
4468.0
4519.4
4570.3
4620.4
4669.5
4719.9
4770.7
4820.9

ST(TH=0)

2.902334%
0.002836
0.003141
0.003181
0. 003083
0.003051
0. 002997
0. 002950
0.002905
0.002913
0.002848
0.002781
0.002561
0.002301
0.002213
0.002102
0.002011
0. 002051
0.001963
0.001896
0.002022
0.001879
J.001839
0.001842
0.001613
0.001851
0.001961
0.001874
0.001949
0.001841
9.001911
0.001782
0.001837
0.001877
0.001865
0.001831

REXHOT

1218122.0
1271607.0
1325092.0
1378577.0
1432062.0
1485547.0
1539032.0
1592518.0
1646003.0
1699488.0
1752973.90
1806458.0
1847107.0
1874651.0
1902196.0
1929874.0
1957553.0
1985098.0
2012643.0
2040187.0
2067733.0
2095277.0
2122822.0
2150500.0
2178179.0
2205724.0
2233268.0
2260813.0
2288358.0
2315903.0
2343448.0
2371126.9
2398805.0
2426350.0
2453894.0
2481439.0

RE DEL2

1218.5
2125.1
2621.56
3113.9
3579.2
4034.3
4463.3
4875.2
5289.9
5708.9
6126.6
6538.4
676%2.4
6813.1
6855.1
6896.3
6937.1
6977.2
7017.3
7057.3
T097.4
7138.1
nir.g
7217.0
7254.3
T7293,0
7334.5
T375.4
7416.6
7458.2
7499.9
T541.4
7582.4
7624.0
T666.4
7708.7

ST(TH=1)

0.002427
0.002149
0.002153
0.002056
0.001957
0.001840
0.001785
0.001726
0.001656
0.001635
0.001567
0.001531
0.001621
0.001550
0.001498
0.001488
0.001467
0.001442
0.001470
0.001426
0.001485
0.001468
0.001416
0.001417
0.001287
0.001526
0.001483
9.001481
0.001507
0.001509
0.001520
0.901487
0.001485
0.50153¢
0.00153¢8
0.001532

PLEASE SFT THE

FTA -

Wy
0.242
0.314
0.354
0.365
0.399
0.404
0.415
0.430
0.439
0.450
0.449
0.367
0.326
0.323
0.292
0.271
0.297
0.251
0.248
0.266
0.219
0.226
0.231
0.202
0.176
0.244
0.210
0.227
0.180
0.205
0.165
0.192
0.183
0.175
0.164

STCR . .

uuuuy
1.209
1,345
1.388
1.371
1.366
1.359
1.354
1.346
1.363
1.352
1.369
1.200
1.131
1.050
1.053
1.02?
l1.012
0.985
0.990
0.987
0.963
0.976
0.965
0.990
0.98%
0.989
0.971
0.988
0.954
0.983
D.97¢
0.977
0.990
0.992
0.985

ABOVE TWN RUNS

F-COL

0.0000
0.0070
0.0069
0.0068
0.0068
0.0068
0.0068
0.0059
0.0069
0.0069
0.0059
0.0068

STHR

(DL
0.916
0.922
0.897
0.871
0.821
0.909
0.792
0.767
0.765
0. 744
0.754
0.759
0.762
0.728
0.746
0.746
0.711
0.738
0.745
0.725
0.752
0.756
0.742
0.7990
0.811
0.748
0.767
0.T64
2.791
0.782
0.814
0.790
0.809
0.818
0.R24

F=HN"

0.0000
0.0069
0.707%
0.0068
0.0066
0.0067
0..0057
0.0061

0. 0060

0.0064&
0.0060
0.0062

PHY-1

(LB
2.044
2.123
2.036
1.084
1.942
1.810
1.859
1.913
1.880
1.813
1.895
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STANTON NUMBER DATA RUN

TINF=

73.8

UINF=

52.7

101573

XVO=

*«x O SCREYTE HOLE RIG =** NAS-3-14336

0.000

PHO= 0,07385

DISTANCE FROM ORIGIN )F BL TO IST PLATE=49.300
UNCERTAINTY IN REX=26743.

e M=0,2,HIGH RE,

PLATE

X
52.30
54.30
56.30
58.30
60.30
62,30
64.30
66.30
68.30
70.30
72.30
73.82
74,85
75.88
76.51
77.95
78.98
80.01
81.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
89.29
90.32
91.35
92.38
93.41
94.45
95.48
96.51
97.54

REX
0.12716E
0.13251¢
0<13786E
0.14321E
0.14855E
0.15390¢
0.15925€
0.16460E
0.16995€
0.17530E
0.18065F
0.18471E
0.18747€
0.19022€
0.19299E
0.19576E
0.19851€
0.20126E
0.20402€
0.206775%
0.20953E
0.21228E
0.21505E
0.21782€
0.22057¢
0.22333€E
0.22608E
0.22884€
0.23159€
0.2343 4E
0.23711F
0.2398 8E
0.24264E
0.24539E
0.24814E

o7
07
Q7
07
o7
o7
o7
07
07
07
07
07
07
07
07
o7
07
07
07
07
07
o7
07
07
07
07
07
07
Q7
o7
07
07
07
07
07

TO
2.5
T.4

12.3
17.2
22.2
27.1
32.0
36.9
41.9
46.8
51.7
5545
58.0
60.5
63.1
65.6
68 .2
70.7
73.3
75 .8
8.3
80 .9
83,4
86.0
88.5
61.0
93.6
9641
98.6

101.2

103.7

106.3

108 .8

1ll.4

113.9

UNCERTAINTY IN F=0.,03028 IN RATIO

X/D

0.22
0.29
0.34
0.36
0.39
0.40
0.40
0.42
0.44
0.45
0.44
0.43
0.40
0039
0.37
0.36
0.37
0.35
0.34
0.34
0.33
0.34
0.34
0.33
0.32
0.33
0.33
0.33
0.31
0.31
0.30
0.30
0.30
0.30
0.29

ETA
0.2224
0.2297
0.2133
0.2024%
0.2130
0.1801
0.1905
0.1873
0.2029
0.1911
0.1966

ADTABATIC WALL FFFECTIVENFSS RUN,

L]
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

CP= 0.242

P/D= 5

T2

VISC= 0.16%34F-03

PR=0.716



L6T

STANTCON NUMBER DATA RUN

TINF= T2,

S

111873

UINF= 53.4

UNCERTAINTY IN REX=2T139.

%

M=0,0,

PLATE X

v
35
36

50.30
52.30
54.30
56430
58.30
60.30
62.30
64.30
664,30
68.30
70.30
72.30
T3.82
T4.85
75.88
76.91
77.95
78.98
80.01
81.04
82.07
83.10
84.13
B85.16
86.20
- 87.23
88.26
89.29
90.32
91.35
92.38
93.41
94445
“95:48
96451
9T.54

FLAT PLATE RUN, HIGH RE,

REX
0.12400E
0.12943E
0.1348B6E
0.14028E
0.14571€E
0. 15T14E
0.15657E
0.16200¢t
0.16742E
0.17285%
0.17828€
0.18371E
0.18783E
0.19063E
0.19342€
0.19623¢E
0.19904E
0.20184E
0.20463E
0.20743E
0.21022F
J0.21302¢
0.21581F
0.21862E
0.22143€
0.22423¢
0.22702E
0.22982%
0.23261F
0.23541E
0.23820¢
0.24101€E

"0.24382E
Veld4662E
0e24%1E

0.25221F

07
o7
07
27
07
07

07

07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
Q7
07
07
97
07
07
07
07

07
07

TO

101.3
101 .4
101.3
101.2

‘1013

101 .4
101.3
101.2
101.3
101.3
101.3
101.3
100.5
100.2
100.9
100.9
101.0
100.9
100.8
101.0
100.8
100.9
100.8
100.9
100.8
100.8
101.0
10l.1
100.4
101.3
101.4
101.1
100.9
100.2
100.2
100.0

*%% DISCRETE HOLE RIG *&%« NAS-3-14336

XV0= 4.610
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=44.690

REENTH
0.11106E
0.30568E
J.46610E
D.61T764E
0.76266E
0.90393¢
0.10420E
0.11764E
0.13084E
0.14386E
D.15672¢E
0.16920€E
0.17867E
0.18513¢
0.19145E
0.19777€
0.20401E
0.21023E
0.21647E
0.22257¢E
0.22877E
0.23504E
0.24106E
0.24708E
0.25306E
0.25913E
0.26525E
0.27114€
0.27703E
0.28289€
0.28877TE
0.29455€
0.30021E

0.30606F .
2.31195€ -
‘0431781E

03
03
03
03
03
03

RHO= 0.07457

STEP T-WALL AT 1ST PLATE

STANTON NO
0.40922€E-02

‘0.30791E-02

0.283:18€-02
0.27520F-02
0.25916E-02
0.26138E-02
0.24733E-02
0.24796E-02
0.23825E-02
0e24155E-02
0.23247E-02
0.22706E~02
0.23659E-02
0.22486E-02
0.22712E-02
0.22433E-02
0,22151€-02
0.22330E-02
N.22259E-02
0.21338E-02
0.22930F-02
0,21875€-02
0.,21203E-02
0.21793€-02
0.20942€-02
0,224 25E-02
0.21275E-02
0.20825E-02
0.21252E-02
0.20633€E-02
0.21424E-02
0.19899F-02
0.20538E-02
0+21220€-02
0,209 LFE-02
0+209775E~- 02

CPx 0.241
P/D=10

DST
0.585€E-04
0.523E~04
0.512E-04
0.509E~04
0.500E-04
0.499E-04
0.494F-04&
0.495E-04
0.490E-04
0.491E-04
0 .4885-04
0.484E-04
0.374E-04
0.383E-04
0.389E-04
0.381E-04
0.379E-04
0.383E-04
0.374E-04
0.362E-04
0.385E~04
0.379€~04
0.371E-04
0.382E-04
0.369E-04
0.386E~04
0.372E-04
D.367E-04
0.36B8E~04
0.369€E-04
0.372E-04
0.358E-04
0.363E-04
0.368E-04
0.383F-04
0.425E-04

VISCs

DREEN
2.
3.
3.
‘.

M

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.0000
0.0000
0.2200
0.0000
0.9000
0.0000
0.0000
0.0200
0,0000
0.0200
0.2200

0.16387€-03

T2

101.4
101.2
101.2
101.3
101.4
101.3
101.2
101.3
101.3
101.3
101.3

PR=0.TLA

THETA

1.200
1.000
1.000
1.300
1.000
1.000
1.000
1.000
1.000
1.000
1.000

DTH

0.012
0.012
0.012
0.012
0.012
0.012
0,012
0.012
0.012
0.012
0.012



861

STANTON NMUMBER DATA RUN 111973 wex DI SCRETE HOLE RIG ®&x NAS-3-14336

TINF= T72.4 UINF= 53,1 XV0= 4.610 RHO= 0.07479 CP= 0.241
DISTANCE FROM ORIGIN OF 8L TO 1ST PLATE=44.690 P/D=10
UNCERTAINTY IN REX=2T7090. UNCERTAINTY IN F=0.03026 IN RATIO

** M=0.2y COLD RUN, HIGH RE,STEP T-WALL AT 1ST PLATE.

PLATE X REX T0 REENTH STANTON NO DSy
1 50.30 0.12377E 07 101.7 0.11060€ 03 0.40827E-02 0.569E-04
2 52.30 0.12919€E 07 10l.8 0.32158E 03 0.33224E-02 0.523E~-04
3 54.30 0.13461E 07 10L1.3 0.50464€ 03 0.30516E-02 0.508E-04
4 56.30 0.14003E 07 101.8 0.67886E 03 0.29815€E-02 0.503E-04
S 58.30 0.14544E 07 101.8 0.84663E 03 0.28135E-02 0.495E-04
6 60.30 0.15086E 0T 101.9 0.10101E 04 0.28428E-02 0.495F-04
T 62.30 0.15628E 07 10l.8 0.11703E 04 0.26910E-02 0.489E-04
B 64.30 0.16170€ 07 101.8 0.13285E 04 0.26848BE~-02 0.489E-04
9 66.30 0.16712E 07 102.0 0.14831E 04 0.25588E~02 0.480E-04

10 68.30 0.17253€ 07 102.0 0.16366E 04 0,26469E-02 0.484E-04
11 70.30 0.17795E 07 102.0 0.17891E 04 0.25194E-02 0.478E-04
12 72.30 0.18337E 07 10l.9 0.19370E 04 0.24625E-02 0.477F-04
13 73.82 0.18749€ 07 100.9 0.20491F 04 0.25479E-02 0.391E-04
14 74.85 0.190285 07 100.6 0.2117BE 04 0.23652€E-02 0.390E-04
15 75.88 0.19307€E 07 101.6 0.21800E 04 0.232BBE-02 0.389E-04
16 76.91 0.19587E 0T 10l.6 0.22443E 04 0.22758E~-02 0.3T77E-04
17 77.95 0.19867€E 07 101.9 0.23071E 04 0.221 76E-02 0.371E-04
18 78.98 0.2C1l47€ 07 101.8 0.23691E 04 0.22261E-02 0.372E-04
19 80.01 0.20426E 07 101.7 0.24310E 04 0.22023E-02 0.362E-04
20 81.04 0.20705¢ 07 102.0 0.24911F 04 0.21032E-02 0.350E-04
21 82.07 0.20984E 07 101.8 0.25519E 04 0.22448E-02 0.369E-04
22 B83.10 0.21263E 07 101.9 0.256132E 04 0.21459E-02 0.365E-04
23 84.13 0.215342€ 07 101.7 0.26722F 04 0.20815E-02 0.356E-04
24 B5.16 0.21822E 07 101.9 0.27310€E 04 0.21254F-02 0.365E-04
25 B86.20 0.22102E 07 101.9 0.27895E 04 0.20612E-02 0.355E-04
26 87.23 0.22381F 07 101.8 0.28490E 04 0.22023E-02 0.371E-04
27 88426 0.22660E 07 102.0 0.29089E 04 0.20835€E-02 0.357E-04
28 89.29 0.22939E 07 102.1 0.29663F 04 0.20250F-02 9J.351E-04
29 90.32 0.23218E 07 10l.4 0.30237E 04 0.20861E~02 0.353E-04
30 91.35 0.234597E 07 102.4 0.30809E 04 0.20081F-02 D0.353E-04
31 92.38 0.23777€ 07 102.4 0.31383E 04 0.20987E~02 0.357E-04
32 93.41 0.24057E 07 102.1 0.31949E 04 0.19529E~-02 0.343E-04
33 94.45 0.24337€ 07 102.0 0.32501F 04 0.20024E-02 0.348F-04
34 95.48 0.24616% 07 101,2 0.33070€ 04 0.20667E-02 0.351F-04
35 96.51 0.26895E 07 101.9 0.3364TE 04 0.20594F-02 0.369E-04
36 97.54 2.25174E 07 101.0 0.34218E 04 0.20323E-02 D.411E-24

VISC= 0.16327E-03

M

0.20
0.00
0.22
0,00
0.20
0.00
0.21
0.00
0.21
0.00
0.21

F T2

0.0017 75.8
0.0017 101.8
0.7918 TS.7
0.3018 101.8
0.0017 75.8
0,0017 101.8
0.0017 76.5
0.0017 102.90
0.2017 76.4%
0,0017 102.0
0.0017 7646

PR=D.714

THET A

0.116

0.116

0.113
0.113
0.115
0.115
J.139
0.139
2.136
0.136
0.141

nTH

0.009
0.012
0.009
n,712
0.009
0.012
0.009

"f.012

J.009
0.012
0,009
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STANTON NUMBER DATA RUM

TINF=

71.0

UINF= 53.1

112273

UNCERTAINTY IN REX=25960.

% M=z

PLATE

0.2'

X
50.30
52430
54.30
56.30
58.30
60.30
62.30
64.30
66.30
68.30
T0.30
72.30
73.82
74.85
75.88
T6.91
17.95
78.98
80.01
81.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
89.29
90.32
91.35
92.38
93.41
94.45
95.48
96.51
97.54

REX
0.12318E
0.12857€
0.13396E
0.13935E
0.14475E
0.1501 4E
0.15553¢E
0.16092E
0.16631E
0.17171E
0.17710E
0.18249E
0.18659E
0.1893 6E
0.19214E
0.19493E
0.19772E
0.20050E
0.203217¢
0.20605%
0.20883E
0.21161€
0.21438¢E
0.21717¢
0.21996E
0.22274E
0.22552F
0.22829E
0.23107c
0.23385E
0.23662E
0.23941E
0.24220E
0.24498E
0.24776E
0.25053¢

07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07

0
100.6
100.6
100.6
100.7
100.6
100.7
100 .5
100.5
100 .6
100.7
100.7
100.7

99.9

99.4
100.4
100.4
100.6
100.8
100.5
100.7
100.9
100.5
100.6
101.0
100.7
100.6
101.2
101.0
100.6
100.9
101.2
100.4
100.7
100.0
100.5

99.9

*%%x DISCRETE HOLE RIG #*%% NAS-3-14336

XV0= 4.610
DISTANCE FROM CRIGIN OF BL TO 1ST PLATE=44.690

RHO= 0.07420

CP= 0.241
P/0=10

UNCERTAINTY IN F=0.03026 IN RATIO

REENTH
0.10260t
0.35501E
0.579T4F
0.79850E
0.10104E
0.12129E
0.14117€
0.16048E
0.17942E
0.19907E
0.21842E
0.23676E
0.25064E
0.25666E
0.256053E
0.26626E
0.27194E
0.2TT54E
0.28313E
0.28869¢
0.29424€
0.29988F
0.30540F
0.31079€E
0.31621E
0.32180E
0.32732€
0.33262E
0.33792E
0.34328E
0.34871E
0.35408E
0.35936E
0.36472E
0.37017E
0.37559¢€

03
03
03
03
04
04
04
04
04
04
04
04
04

HOT RUN, HIGH RE,STEP T-WALL AT 1ST PLATE,

STANTON NO
0.3B056E~-02
0.28868E-02
0.27786E-02
0.26137€E-02
0.25230€-02
0.24101E-02
0.23859E~-02
0.22719E-02
0.22506E-02
0.21251E~-02
0,21393E-02
0.18999E-02
0.,22328E-02
0.2099%9E-02
0.20620€-02
0.20604E~-02
0.20304E-02
0.19955E-02
0.20276€~02
0.19689E~02
0.20264E~-02
0.20331E-02
0.19316E-02
0.19487€-02
0.194 TTE-02
0.20782E-02
0.18905E-02
0.,19209E-02
0.18957E-02
0.19559E~-02
0.19511E~-02
0.19130E-02
0.18896E-02
0.195629€-02
0.19560€-02
0.19430F-02

DST
0.550E-04
0.498E-04
0.492E-04
0.484E-04
J.481E-04
0.4T4E-04
0.477E-04
0.4T1E-04
0.468E-04&
J.463E-04
0.463E-04
0.453E~-04
0.,350E-04
0.357E-04
0.356E-04
0.351E-04
0.347E-04
0.345E-04
0.340E-04
0.332E-04
0.344E-04
0.350E-04
0.338E-04
0.345E-04
0.340E-04
0.355E-04
0.335E-04
0.3365~04
0.330E-04
0.344E-04
D0.343E-04
0.339E-04
0.336E-04
0.339E=-04
0.356E-04
0.387E-04

VISC= 0.16419€-03

M

0.17
3.00
0.17
3.00
0.18
0.00
Delk
0.00
D.17
0.00
0.15

F T2

0.0014 99.4
0.,3014 100.6
0.0014 100.3
0.2214 100.6
0.0014 97.6
0.3714 100.5
0.0012 102.7
0.0312 100.6
0.0014 101.7
0.001%4 100.7
0.0012 105.1

P220.714

THETA

0.9%58
9.95%
0.986
0.986
0.898
0.898
1.072
1.072
1.035
1.035
l1.147

nATH

0.012
0.012
0.012
0.012
n.011
0.012
0.012
0.012

0.012

0.012
0.013



ooz

FOLLOWINMG IS THE DATA FOR THETA=0 AND THETA=1, WHICH WAS DBTAINED BY LINFAR SUPRRPANSITINN THFORY,
THIS DATA WAS PFODUCED FROM RUN 111973 AND

FOR THE DETAIL CHANGES OF PROPERTIES AND BOUNDARY CONDITIOMS,

PLATE

DOy NP WN =

WWWWWWWNRNNRNNNNRDRNN - e o ot e e e e
CVMLAWNFHNOVDO~NCVMPLUNrFEQOUDNCOWVPIWUNFO

REXCOL

1237721.0
1291900.0
1346080.0
1400259.0
1454438.0
1508617.0
1862796.0
1616975.0
1671154.0
1725333.0
1779512.0
1833692.0
1874868.0
1902770.0
1930672.0
1958710.0
1986747.0
2014650.0
2042552.0
2070454.0
2098357.0
2126259.0
2154161.0
2182198.0
2210236.0
2238138.0
2266041.0
2293943.0
2321845.0
2349748.0
2377650.0
2405687.0
2433725.0
2461627.0
2489529.0
2517432,0

RE DEL2

110.6
312.8
488.1
653,9
813.1
969,1

1121.9

1270.4

1415.4

1559.8

1703.5

1842.1

1947.2

2017.0

2083.6

2148.9

2212.4

2275.3

2338.0

2398.8

246042

2522.2

2581.7

2641.2

2700.2

2760.2

2820.7

2878.7

2936.7

2994 .4

3052.1

3109.1

3164.7

3222.0

3280.1

3337.6

ST{TH=0)

0.004083
0.003282
0.003089
0.003029
0. 002851}
0. 002906
0.002736
0. 002746
0.002605
0. 002726
0.002577
0.002541
0. 002593
0.002403
0.002367
0.002307
0.002244
0. 002259
0.002227
0.002122
0.002276
0.002162
0.002103
0. 002151
0.002077
0.002220
0.002111
0.002040
0.002113
0.002016
0. 002120
0. 001959
0.002018
0. 002085
0.002074
0. 002045

REXHOT

1231780.0
1285699.0
1339618.0
1393537.0
1447456.0
1501375.0
1555294.0
1609213.0
1663132.0
1717051.0
1770970.0
1824889.0
1865868.0
1893636.0
1921404.0
1949307.0
1977210.0
2004979.0
2032747.0
2060515.0
2088284.0
2116052.0
2143820.0
2171723.0
2199626.0
2227395.0
2255163.0
2282931.0
2310700.0
2339468.0
2366236.0
2364135.90
2422042.0
2449811.0
2477579.0
2505347.0

RUN 112273

RE DEL2

102.6

357.6

584.5

803.8
1016.4
1225.2
1429.3
1617.7
1804.1
1999.1
2190.9
2367.4
2501.2
2561.5
260246
2659.9
2716.8
2772.8
2828.7
2884.3
2939.9
2996.3
3051.5
3105.4
3159.6
3215.6
3270.8
3323.8
3376.8
3430.4
3484.7
3533.4
3591.3
3644.9
3699.4
3753.6

ST(TH=1)

0.003806
0.202865
0.002765
0.002608
0.002518
0.002353
0.002346
0.002304
0.002274
0.002145
0.00215%
0.001982
0.002234
0.002101
0.002063
0.002061
0.002031
0.001997
0.002028
0.001969
0.002027
0.002034
0.0010932
0.,001950
0.001948
0.002079
0.001891
0.001921
0.001897
0.001956
0.001952
0.001913
0.001890
0.001963
0.001956
0.001943

ETA
yuuuu
N.153
0.105
0.139
0.117
0.190
0.142
0.161
0.127
0.213
0.164
0.220
0.138
0.126
0.128
0.106
0.095
0.116
0.089
0.072
0.109
0,059
0.081
0.093
0.062
0.064
0.104
0.058
0.103
0.030
0.279
0.023
0.064
0.058
0.057
0.050

STCR

uuyyy
0.884
0.904
0.955
0.950
1.012
0.288
1.023
0.998
1.070
1.034
1.040
1.076
1.006
3.999
0.982
0.963
0.977
0.970
0.931
1.00¢
0.962
D.942
0.969
0.942
1.013
0.968
0.941
0.980
0.940
0.994
0.923
0.956
0.992
0.992
0.932

PLEASE SEE THF ABOVE TWD RUNS

F-COL

0.0000
3.0217
0.0017
0.0018
0.0018
0.0717
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017

STHR

yuuugun
1.029
1.055
1.037
1.033
0.591
1.009
1.010
1.014
0.972
0.98°
0.922
1.049
0.993
0.980
0.985
0.976
0.964
0.985
0.961
0.99%
1.001
0.958
0.96°
0,972
1.042
0.952
0.971
0.962
0.996
0.998
0.982
0.973
1.015
1.015
1.N11

€-HNT

0.0000
0.9014
0.0014
0.001¢%
. 0014
2.001%
0.2014
0.9012
0. 0012
2.n014
0.7014%
0.0012

PHT-1

yyuL
1.262
1.303
1.292
1.296
1.269
1.294
1.249
1.257
1.%64
1.286

‘1.181
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STANTON NUMBER DATA

TINF=

66.8

UINF= 53.3
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=44,690

RUN

121773

UNCERTAINTY IN REX=27663.

XV0= 4.610

RHO=

0.07542

*%k DI SCRETE HOLE RIG *%* NAS-3-14336

CP= 0,242
P/D=10

UNCERTAINTY IN F=0.03025 IN RATIQ

#% M=0.5, COLD RUN, HIGH RE,STEP T-WALL AT 1ST PLATE.

PLATE

X
50.30
52.30
54.30
56.30
58.30
60.30
62.30
64.30
66.30
68.30
70.30
72.30
73.82
The85
75.88
T76.91
77.95
78.98
80.01
81. 04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
£9.29
90.32
91.35
92.38
93.41
94.45
95.48
96.51
97.54

REX
0.12639E
0.13192E
0.1374¢E
0.14299E
0.14852E
0.15405E
0.15959E
0.16512€
0.17065E
0.1761 8E
0.18172E
0.18725E
0.19145E
0.19430F
0.19715€E
0.20002E
0.20288E
0.20573E
0.20858F
0.21143E
0.21428E
0.21713E
0.21998F
0.22284%
0.22570E
0.22855E
0.23140¢
0.23425E
0.23710E
0.23995E
0.24280E
0.24566E
0.24852¢
0.25137E
0.25422¢
0.25707E

07
07
a7
N7
07
07
07
07
07
07
97
07
07

94 .9

9% <9
95.0
9%.8
94 .9
94.8
94 .9
94 .8
94 .9
94.8
94.8
94 .9
9% .4
94.1
95.2
95 .4
95.6
95 .7
95.6
95 .8
95.7
95.9
95 .6
95.8
95'7
95.6
95.9
95.9
95.3
5.9
96 .3
96.0
95.9
35.2
95.8
95.0

REENTH
0.10925€
0.34363E
0.5546T%
0.75571E
0.95139¢
0.11444E
0.13354E
0.15257E
0.17119E
0.18968E
0.20812E
0.22597E
0.23964F
0.24720E
0.25351E
0.26040E
0.26707E
0.27364E
0.28014F
0.28645F
0.29281E
0.29917E
0.30525¢
0.31130E
0.31738¢E
0.32355€
0.32972€
0.33564F
0.34158E
0.34750F
0.35342€
0.35929E
0.36502F
0.37090€
0.37684E
0.38269E

03
03
03
03
03
2
04
04
04
04
04
04
04
04
04
04

STANTON NO
0.39492E-02
0.34204E-02
0.31052€-02
0.30905E-02
0.29117F-02
0.30122€-02
0.28367E-02
0.28621F~02
0.26882E-02
0.28570E-02
0.267136-02
0.26612E~-02
0.27720€-02
0.25313E-02
0.24539E-02
0.23726E-02
0.23040E-02
0.23007E-02
0.22553E-02
0.21710E-02
0,228 71E-02
0.21739€-02
0.20894E-02
0.21498E-02
0.21114E-02
0.221 T4E-02
0.21057€-02
0.206469E-02
0.21152€-02
0.20351€-02
0.21218E-02
0.19887€-02
0.203 08E-02
0.209 29€-02
0.20683E-02
0.20347€-02

DET
0.,579E-04
0.547E-04
0,5275-04
0.528F-04
0.517E-04
0.524E-04
0.513F-04
0.516E-04
0.506E-04
0.516E-04
0.506E-04&
0.505E-04
0.426E-04
0.4156-04
0.407E-04
0.391E-04
0.382E-04
0.382E-04
D0.370E-04
0.358E-04
0.375E-04
0.368E-04
0.358F-04
0.369E-04
0.361F-04
0.3T4E-04
0.361E-04
0.354E-04
0.358E-04
0+356E-04
0.362E-04%
0.348E-04
0.352€-04
0.355E-04
0.3708-04
0.408€E~04

VISC=

DREEN
2.

3. 0.53
he 0.00
5. 0.52
6. 0.00
T. 0.51
Te 0.00
8. 0.
8. 0.00
9. 0.52
9. 0.00
10. 0.

lo.
lo.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
lo.
i1.
11.
11.

0.16048E-03

0.0043
0.0043
0.2042
0.0042
0.2041
0.0041
53 0.0043
0.0043
0.0042
0.0042
50 0.0041

T2

T0.5
QSOO
70.4
9.9
T0.4
94.9
70.7
94 .9
T70.6
94.8
T70.7

PR=2Q, 715

THETA

0.129
0.129
0.128
0.128
0.127
0.127
0.137
0.137
0.135%
0.135
J.138

DTH

0.009
0.013
0.309
0.013
0.009
0.013
9.009
0.013
0.009
0.013
0.009
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STANTCN NUMBER DATA

TINF=

67.4
DISTANCE FRCM ORIGIN OF BL TO 1ST PLATE=44.690

WINF=

RUN

53.4

121873

UNCERTAINTY IN REX=27593.

*k M=0,5,
PLATE X
1 50.30
2 52.320
3 54.30
4 56.30
5 58.30
6 60,30
T 62.30
8 64.30
9 66.30
10 68.30
11 70.30
12 72430
13 73.82
14 74.85
15 75.88
16 76.91
17 77.95
18 78.98
19 80.01
20 81l.04
21 B82.07
22 83.10
23 84.13
24 85.16
25 86.20
26 87.23
27 B88.26
28 89.29
29 90.32
30 91.35
31 92.38
32 93.41
33 94.45
34 95.48
35 96.51
36 97.54

HOT RUN,

REX
0.12607E
0.13159E
0.13711E
0.14263E
0.14815E
0.1536 7€
0.15919¢E
0.16470E
0.17022¢E
0.175T4E
0.18125E
0.186TEE
0.190917E
0.19382E
0.19666E
0.19951E
0.20237F
0.20521E
0.20805€
0+21090E
0.21374E
0.21658E
0.21942E
0.22228E
0.22513E
0.22798E
0.23082E
0.23366F
0.23650E
0.2393 4€
0.24219E
0.24504E
0.24790F
0.25074E
0.25358E
0.25642¢

T0

96.8
96.9
96.9
97.0
96.8
97.0
96.8
96.9
96 .8
97.0
96.8
91.0
96.9
9.6
97.6
97.7
98.0
98".
97.9
98.1
98.1
98.0
97.9
98.1
98.0
97.8
98.3
98.2
97.6

N 9801

98 .4
97 .9
98.0
97.2
97.8
97.0

XV o=

*k% DISCRETE HOLE RIG *%% NAS-3-14336

4.610

RHJ=

0.07520

CP= D.242
P/ND=10

UNCERTAINTY IN F30,03025 IN RATIO

REENTH
0.10582€
0.52253F
0.91208E
0.12811E
0.16420F
0.20206E
0.23950F
0.27380E
0.30763E
0.34362E
0.37938E
0.41424E
0.44078€
0.44705E
0.44696F
0.45278E
0.45848°%
0.46409E
0.46968E
0.47517TE
0.48068€E
0.48624F
0.49161E
0.49691E
0.50225¢
0.50773E
0.51319E
0.51842E
0.52369E
0.52900€
0.53432€E
0.53957E
0.54475€
0.55004¢
0.55537€
0.56065¢E

HIGH RE,STEP T-WALL AT 1ST PLATE.

STANTIN MO
0.38349E~-02
0.30321E-02
0.28506€E~02
0.27137E-02
0.25571F-02
0.24958E~-02
0.24033£8-02
0.23212E-02
0.22295€-02
0.222 75E-02
0.21459€-02
0.20023E-02
0.229 7T4E~-02
0.21140E-02
0.20643E-02
0.20251E~02
0.19800E~02
0.19603€-02
0.19710€-02
0.18916€-02
0.,19765€-02
0.19354E-02
0.18387E-02
0.18848F-02
0.18663E-02
0.19865€E-02
0.18487€E-02
0.18278E-02
0.187T74E-02
0.18570€-02
0.18823E-02
0.18101E-02
0.18287¢-02
0.18881€-02
0.18615€E-02
0.18451€E-02

DST
2.549E-04
0.5026-04
0.492E~04
0.4B4E-04
0.47T9E-04
0.474E-04
0.4726-04
0.4675-04
0.465E-04
0.4626-04
0.460E-04
0.453E-04
0.355€-04
0.351€-04
0.3485-04
0.338E-04
0.333E-04
0.3326-04
0.326E-04
0.316E-04
0.329E-04
0.331E~-04
0.320E-04
0.329E-04
0.324E-04
0.337E-04
0.322€-04
0.3195-04
0.321E-04
0.3265-04
0.326E-04
0.319€-04
0.3215-04
0.323E-04
0.338E-04
0.3T0E-04

VISC= 0.16112E-03

DREEN

5‘

Te

9.
11.
12.
13.
15.
15.
16.
17.
19.
‘.9.
19.
19.
19,
19.
19.
19.
19.
lq.
19.
19.
15,
19.
19.
19.
19.
19.
19‘
19.
19.
19.
19.
19.
19.

M

0.51
0.00
3.51
0.00
0.55
0.09
0.48
0.00
0.54
0.00
0.52

F

0.0041
0.0041
0.0042
0.0042
0.0345
0.0045
0.00139
0.0039
0.0344
0.0044
0.0" 42

T2

96.9
G6.9
95.1
96.9
95.8
96.8
96.6
96.8
96.2
Q6.8
97.4

BR:0,71%

THETA

1.200
1.000
0.937
J3.937
0.960
3.960
0.991
N.991
3375
0.978
1.015

DTH

0.012
0,012
0.012
0.012
0.012
0.912
0.012
0.012
0.912
0.012
0.012
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FOLLOWING IS THE DATA FOR THETA=0 AND THETA=1,

. THIS DATA wWAS PRODUCED FROM QUN 121773 AND
FOR THE DETAIL CHANGE3 OF PROPERTIES AND BOUNDARY CONDITICNS, PLEAST

PLATE

VONCBFWN

REXCOL

1263917.0
1319243.0
1374568.0
1429894.0
1485220,0
1540546.0
1595872.0
1651197.0
1706523.0
1761849.0
1817175.0
1872500.0
1914548,0
1943041.0
1971534.0
2000164.0
2028796.0
2057288.0
2085781.0
211427440
2142767.0
2171260.0
2199752.0
2228383.0
2257014.0
2285507.0
2314000,0
2342493.0
2370986.0
239947840
2427971.0
2456602.0
2485233,0
2513726.0
2542219.0
2570711.0

RE DEL2

109.2

314.7

497.9

672.0

B41.2
1008.8
1174.6
1336.5
149%.4
1652.6
1810.7
1963.4
2080.5
2158.1
2231.0
2301.5
2369.7
2436.9
2503.2
2567.6
2632.5
2697.4
2759.3
2820.9
2882.8
2945.6
3008.4
306846
3129.0
3189.2
3249.4
3308.9
3367.1
3426.8
3487.1
3546.5

SY{TH=0)

0.003949
0.003478
0.003143
0. 0031 50
0. 002968
0. 003091
0. 002503
0.002549
0.002761
0.002958
0. 002756
0.002765
0.002846
0. 002596
0.002515
0.002427
0.002355
0. 002354
0.002300
0.002215
0. 002336
0.002211
0. 002129
0.002191
0.0021 50
0.002253
0.0021 46
0.002081
0.002152
0.002063
0. 002159
0.002017
0.002062
0.002125
0.002101
0.0020 64

REXHOT

1260738.0
1315925.0
1371112.0
1426298.0
1481485.0
1536672.0
1591858, 0
1647045.0
1702231.0
1757418.0
1812605.0
1867791.0
1909733.0
1938154.0
1966576.0
1995134.0
2023694.0
2052115.0
2080536.0
2108957.0
2137378.0
2165799.0
2154220.0
2222779.0
2251338.0
2279759.0
2308181.0
2336602.0
2365023.0
2393444.0
2421865.0
2450424.0
2418983.0
2507404.0
2535825.0
2564247.0

WHICH WAS DRTAINFD RY LINFAR SUPFOPDNSITION THENRY,

RUN 121873

RE DEL2

105.8

522.6

912,2
1294.8
1668,5
2055.6
2438.6
2782.8
3122.7
3488.0
3850.6
4195.7
4458.5
4520.9
4520.6
4578.5
4635,2
4691.0
4746.7
4801.4
485642
4911.7
4965.2
5018.0
5071.1
5125.8
5180.1
5232.2
5284.8
5337.8
5390.8
5443.2
5494.8
5547.5
5600.7
565343

ST{TH=1}

0.003835
0.003032
0.002851
0.002685
0.002530
0.002471
0.,002383
0.002316
0.002225
0.00220°
0.002131
0.002013
0.002284
0.002102
0.002053
0.002015
0.001971
0.001951
0.001963
0.001884
0.001968
0.001929
0.001832
0.001878
0.001860
0.001980
0.001842
0.001822
0.001871
0.001852
0.001876
0.0018605
0.001823
0.001882
0.001856
0.001840

SEE THFE ARBQVYE THO JIYMS

ETA

wuuynt
0.128
0.293
0.148
0.148
0.201
0.179
0.215
0.194
0.253
0.227
0.272
0.197
0.190
0.182
0.169
0.163
0.171
0.146
0.149
0.157
0.128
0.139
0.143
0.135
0.121
0.142
0.125
0.131
0.10?
0.131
0.105
0.116
O.114
0.117
0.109

sTce

uuuyy
0.913
0.924
0.997
0.993
1.081
1.053
1.104
1.063
1.165
1.111
1.137
1.186
1.092
1.067
1.038
1.015
1.023
1.007
0.976
1.037

0.988 -

0.958
0.992
0.979
1.033

0.989.

J.96%
1.003
0.9A7
1.017
0.955
0.981
1.016
1.009
0.996

F="9L

0.0030
0.0043
0.0043
0,0342
0.0042
0.0041
0,0041
0.0043
0.0043
0.0042
0.00&2
0.0041

CTHR

Juyrgny
1.094
1.093
1.073
1.043
1.045
1.030
1.021
0.997
1,005
0.9064
0.942
1.078
0.998
0.981
0.968
0.952
0.947
0.958
0.92%
0.970
0.95%
0.911
0.938
0.932
0.597
0,932
0.925
0.954%
0.948
0.96%

.0.931
0.94%
0.978
0.967
0.962

F=HNT

0.0010
0. 0041
0.0041
0.0042
2. 0042
0. 045
0.2045
0.0039
0.0039
0.N044
0. 0046
0.0042

PHI=-1

AU Y
1.732
1.767
1.777
1.76%
1.838
1.836
1.739
1.72%
1.828
1.814
1.740
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STANTON NUMBER DATA RUN 121673-1 *%* DISCRETE HOLF RIG ~&+ NAS-3-14336

TINF=

61.7

UINF=

53.5

UNCERTAINTY IN REX=28173.

E M=

PLATE

1.0'

X
50.30
5230
54.30
56.30
58.30
60.30
62.30
64030
66.30
68.30
70.30
72.30
T73.82
T4.85
75.88
76.91
77.95
78.98
80.01
81l.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
89.29
90.32
91.35
92.38
93.41
94 .45
95.48
96.51
97.54%4

REX
0.12872E
0.13436E
0.13999E
0.14563E
0.15126E
0.15690E
0.16253€
0.16817E
0.17380E
0.17943E
0.18507E
0.19070E
0.19499E
0.19788E
0.20079€
0.20371E
0.20662E
0.20952E
0.21243E
0.21533¢
0.21823E
0.22113€
0.22403€
0.22695E
0.22986E
0.23277E
0.23567E
0.23857E
0.24147E
0.24437E
0.24728E
0.2501 9E
0.25311€
Ne25601E
0.25891E
0.26181F

07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
a7
07
07
07
07
07
07
07
07
o7
07
o7
07
07
07
07

T0

90 .4
90.3
90 .4
90 .4
90.4
0.4
90 .4
90.5
90.5
90 .4
90 .4
90.5
69 .4
88.0
90,2
AMWV.4
90.8
90 .8
90.8
91.1
91.0
91.3
Sle.l
91.2
91.3
91,2
91.5
91.6
91 .o
91.8
92.1
91.8
91 .8
91.0
91 .6
90 .8

XV0= 4.610
DISTANCE FRCM ORIGIN OF BL TO 1ST PLATE=44.690

RHO= 0. 07598

CP= 0.241
P/D=10

UNCERYAINTY IN F=0.0302%5 IN RATIN

REENTH
0.11088E
0.38899E
0.64400E
0.89018E
0.11341E
0.13829¢€
0.16318F
0.18893E
0.21435¢F
0.24004F
0.26574E
0.29141E
0.31106F
0.31963F
0.32542F
0433334
0.34099E
0.34849E
0.35589E
0.36303€
0.37016E
0.37724F
0.38396F
0.39060F
0.39725€
0.40393F
0.%1057¢
0.41695E
0.42330E
0.42958F
0.43585E
0.44201F
0.44800¢
0.45413E
0.46027F
0.46628F

03
03
03
03
04
04
04
Q4
04
04
04
04

COLD RUN, HIGH RE,STEP T-WALL AT 1ST PLATE.

STANTON NO
0.39357E-02
0.341 726-02
0.31156E-02
0.32276E-02
0.30349F-02
0.32167€-02
0.30397€-02
0.30944€-02
0.29238E-02
0.31100€E~02
0.29258F-02
0.29219E-02
0.30618F-02
0.28389E-02
0.27750E~-02
0.26784F-02
0.25882E-02
0.25739€E-02
0.251 76 E-02
0.240095-02
0.25065E-02
0.23703F-02
0.22499F~02
0.23225E-02
0.22599F~-02
0.23352E-02
0.22357€-02
0.21572E-02
0.22105F-02
0.21160E-02
0.21980€E-02
0.204 705-02
0.20736€-02
0.21432E-02
0.20855€-02
0.20546%-02

DST
0.563E~04
0.532E-04
D.514E-04
0.520E-04
0.509€E-04
0.519€E-04
0.509E-04
2.511E-04
0.502E-04
0.513E-04%
0.503E-04
0.502E-04
0.459E-04
0.449E-04
0.443E-04
0.424E-04
0.412E-04
0.410E-04
2.397€-04
0.381E-04
0.396E-04
0.385E-04%
0.370E-04
0.382E-04
0.3725-04
0.380E-04
D.36BE-04
0.359E-04
0.361E-04
0.357F~-04
0.362E-04
0.345F-04
0.348E-04
0.352E~04
0.363E-04
0.400F-04

VISC= 0.15822E-03

15.

15.
15.
15.
1%,
150
15.
15.
15.
15.
15.
15,
15.
1S.

1.02
0.00
1.01
0.00
1.02
0.00
1.02
0.00
1.01
0.00
0.98

[

0.0083
0.2083
0.0082
0.0082
0.0083
0.0083
0.0083
0.0083
0.0082
0.0082
0.0379

66,1
S04
65.9
90.4
66.2
90.4
66.9
90.5
6741
90.4
676

PR=0.T16

THRETA

0.152
2,152
0.147
0.147
0.156
0.156
0.181
0.181
0.189
0.189
0.206

DTH

0.009
0,012
0.009
0.212
0.009
0,012
0.009
0,012
0.00°
0.012
0.209



S0T

STANTON NUMBER DATA RUN

TINF=

65.7

UINF=

53.3

121673-2 %%k DISCRETE HOLE RIG *%* NAS-3-1433%

UNCERTAINTY IN REX=27693.

5 M=

PLATE

1.0y

X
50.30
52.30
54.30
5£.30
58.30
60.30
62.30
64.30
66.30
68,30
70.30
72.30
73.82
T4.85
75.88
76.91
77.95
78.98
80.01
81'04
82,07
83.10
84.13
85.16
86.20
87.23
88.26
89.29
90.32
91.35
92.38
93.41
94.45
95.48
96.51
97.54

REX
0.12653E
0.13207€
0.13761E
0.1431 4E
0.1486 8E
0.15422E
0.15976¢
0.16530F
0.17084E
0.1763 8E
0.18191€
0.18745E
0.19166E
0.19451E
0.19737E
0.20023E
0.20310E
0.20595¢E
0.20880E
0.21166E
0.21451E
0.21736E
0.22021€
0.22308E
0,22595¢
0.22880E
0.23165E
0.23450E
0e23736E
0.24021E
0.24306E
0.24593F
0.24879E
0.25164E
0.25450€
0.25735¢€

07
07
07
07
07
07
07
07
07
o7
07
07
07
07
07
o7
07
07
o7
07
o7
07
07
o7
07
07
o7
97
07
07
07
07
07
07
07
07

Yo

91.6
91.4
91.5
91 .4
91 .4
9] .4
91.4
9l .4
9l.4
91.4
91.5
91.5
90.3
89.7
9.7
90 .9
91.1
91.3
91.2
91l.4
91 .4
91 .4
91.3
91.6
91 .6
91l.4
9l1.8
91.8
91.3
91 .8
92.2
91.8
91.8
91-2
91l.7
91.1

XV0= 4,610
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=44.690

RHO= 0.07538

CP= 0.241
®/D=10

UNCERTAINTY IN F=0,03025 IN RATIO

REENTH
0.10735€
0.71937¢
0.13082€
0.19073E
0.25016E
0.31048E
0.37059€
0.43050E
0.48995€E
0.54936E
0.60866F
0.66733E
0.71187€

0.71930E

0.T1484F
0.72171E
0.72840F
0.73494F
0.74139¢€
0.74767E
0.75390E
0.76015€
0.76610E
0.TTI91E
0.7TT772€
0.78365E
0.78954E
0.79513E
0.80072E
0.80628E
0.81183E
0.81728E
0.82263E
0.82808E
0.83353E
0.83888E

03
03
04
04
04
04
04
04
04
04
04
04
04

HOT RUN,y HIGH RE, STEP T-WALL AT 1ST PLATE.

STANTON NO
0.38763E-02
0.32681E~02
0.30382€-02
0.30405E-02
0.28641F-02
0.28730E~02
0.27871F-02
0.27515E-02
0.26232€E-02
0.26807E-02
0.25841E-02
0.24600E-02
0.26918€E~-02
0.25107E~-02
0.24377E-02
0.23731E-02
0.23155E-02
0.22661E-02
0.22506E-02
0.21463E~-02
0.22178E-0Q2
0.21581E-02
0.20106E-02
0.20539€-02
0.20161E-02
0.21413€-02
0.19803E-02
0.19365E-02
0.19751E-02
0.19219€-02
0.19625E-02
0.18579€E-02
0.18860E-02
0.,19286E-02
0.18925¢€-02
0.18542€-02

DST
0.620E-04
0.583E-04
0.568E-04
0.569E~04
0.559E-04
0.561F-04
0.555FE-04
0.554E-04
0.548E-04
0.551E-04
0.543E-04
0.536E~-04
0.438E-04
0.443E-04
0.434E-04
0.419E-04
0.411E-04
0.405E-04
0.395E~04
0.379€E-04
0.392E-04
0.392E-04
0,3T4F-04
0.383E-04
0.3755-04
0.389E-04
0.370E~-04
0.354E~-04
0.365E-04
0.367E~04
0.367E-04
0.357E-04
0.357E-04
0.359¢-04
0.374E-04
J.401E-04

VISC= 0.16035E-33

DREEN
2.

13.
16.
20.
22.
25.
27.
29.
31.
33.
35.
35-
35.
35.
35.
35.
35,
35.
35,
35.
36.
1
36.
36.
36.
36.
36.
36.
36.
36.
35.
36.
36,
36.
36.

M

0.99
0.00
1.00
0.00
0.98
0.00
0.97
0.00
0.96
0.00

0.96

F

0.0080
0.0080
0.0081
0.008!
0.0080
0.0080
0.0079
0.0079
0.3078
0.0078
0,3078

T

89
91
90
91
S1
°1
92
91
92
91
92

2

.8
.5
-4
.‘
«5
4
-0
o4
%
5
o4

PR=0,715

THETA

0,935
0.935
0.960
0.950
1.006
1.006
1.024
1.324
1.039
1.039
1.035

NTH

0,013
0.014
0.013
0.014%
0.014
N.014
0.014
2.014
0.014
0.014
0.014
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FOLLOWING IS THE DATA FOR THETA=0 AND THETA=1l, WHICH WAS DRTAINED BY LINEAR SUPERPDICITINN THENTY,
THIS DATA WAS PRODUCED FROM RUN 121673-1 AND

FOR THE DETAIL CHANGES 0OF PROPERYTIES AND BOUNDARY CONDITIONS,

PLATE

NN NI N s o et et s ot ot s o s
WANSMOQOONOVPIPWUNFOLCD~NCVPWN -

WWWLWWWANNNNN
CVMPAWNIHMOOENC NS

REXCOL

1287231.0
1343577.0
1399924.0
1456270.0
1512616.0
1568962.0
1625309.0
1681655.0
1738001.0
1794348.0
1850694.0
1907040.9
1949864.0
1978882.0
2007500.0
2037059.0
2066218.0
2095237.0
2124255.0
2153273.0
2182292.0
2211310.0
2240329.0
2269488.0
2298647.0
2327665.0
2356684.0
2385702.0
2414721.0
2443739.0
2472757.0
2501916.0
2531075.0
2560094.0
2589112.0
2618130.0

RE DEL2

110.9
318.9
S50%.1
684.2
86245
1041.2
1220.6
1396.8
1570.2
1744 .7
1919.6
2089.7
2220.8
2308.6
2392.1
2473.3
2551.5
2628.2
2703.9
2776.8
2849.7
2922.1
2990.5
3058.4
3126.5
319%4.6
3262.3
3327.5
3392.3
3456 .4
3520.4
3583.3
364%.3
3706.7
3769.4
3830.7

ST{TH=0)

0.003936
0.003446
0.003131
0.003261
0.003066
0.0032892
0.003086
0.003168
0.002988
0.003206
0.003002
0.003036
0.003137
0. 002906
0.002844%
0.002741%
0. 0026 44
0. 002637
0.002572
0.002453
0.002565
0. 002414
0. 002299
0.002377
0.002310
0.002375
0.002288
0. 002202
0.002258
0.002156
0.002246
0. 002086
0.002112
0. 002187
0.002125
0.002095

RUN 121673-2

REXHOT RE DEL2 ST{TH=1}

1265285.0 107.3 0.003876
1320670.0 748.0 0.003256
1376056.0 1365.3 0.003032
1431442.0 1981.7 0.003031
1486827.0 2593.3 0.002856
1542213.0 3193.7 0.002875
1597599 0 3792.3 0.002789
1652984.0 4381.3 0.002761
1708370.0 4965.8 0.002632
1763756.0 5544.1 0.002700
1819141.0 6121.5 0.002600
1874527.0 669%.1 0.002479
1916620.0 T128.6 0.002690
1945144.0 7202.8 0.002509
1973667.0 7162.1 0.002436
2002329.0 T230.7 0.002372
2030991.0 T297.6 0.002314
2059515.0 7363.0 0.002265
2088038.0 T427.5 0.002249
2116562.0 7490.2 0.002145
2145086.0 7552.5 0.002217
2173609.0 7615.0 0.002157
2202133.0 7674.5 0.002010
2230795.0 7732.5 0.002053
2259457.0 7790.6 0.002015
2287981.0 7849.9 0.002140
2316504.0 7908.7 0.001979
2345028.0 T7364.6 0.001936
2373552.0 8020.4 0.001974
2402075.0 8076.1 0.001921
2430599.0 8131.5 0.001961
2459261.0 8186.0 0.001857
2487923.0 8239.5 0.001885
2516446.0 8293.9 0.001928
2544970.0 8348.4 0.001892
2573493.0 8401.9 0.001853

cTA

vty
0.0%5
0.032
0.070
0.068
0.123
0.096
0.128
0.119
0.153
0.134
0.183
0.142
0.136
0,143
0.135
0.125
0.141
0.125
0.125
0.136
0.106
0.126
0.136
0.127
0.399
0.135
0.121
0,126
0.109
Je127
0.110
0.107
0.119
0.110
0.116

PLEASS SEE THE ABOVE

sYeR

uynuy
0.508
0.924
1.037
1.030
1.152
lL.124
1.191
l.15¢
1.269
1.214
1.253
1.313
1.227
1.211
1.177
1.144
1.150
1.130
1.086
1.143
1.083
1.038
1.080
1.056
1.092
1.058
1.025
1.057
1.014
1.062
0.991
1.009
1.050
1.025
1.015

TW) AUNC
F=CoL

0.0270
0.0083
0.0083
0.0082
0.,0082
0.0n83
0.0383
0.0083
0.02R3
D.0Nn82
0.0082
0.0079

_THD

Junugingg
1.176
1.163
1.212
1.179
1.217
1.207
1.218
l1.181
1.239
1.201
1.161
l.271
1.192
1.164
l1.140
1.118
1.100
1.098
1.053
L.093
1.069
1.000
1.026
1.012
1.073
1.002
0.984
1.007
0.984
1.009
0.959
0.977
1.002
0.987
0.970

F-HNT

0.009N
0.9089
0.0080
0. 0081
0.0091
1.17080
n.008J
0. 0079
0,0079
N. 0078
0.007R
0.0078

PHI-1

(VRRD U
2.330
2377
2.490
2.486
2.542
2.556
2.574
2.550
2.513
2.596

2.567



Loz

FOLLOWING FROFILES ARE FUR P/D=10 WITH FCRF PLATE HFATED

DISCRETE HOLE RIG #x» NAS-3-14350

VELOCITY PROFILE

UINF= 38.9 FYT/SEC = R0.3 INCHES PORT= 19
TINF= 6.2 DEG F PINF= 2122, PSF
Y{INCHES) YIFT/SEC) Y+ U+ UBAR ou TEMPERATURE PROFILE
YUINCHES) TIDEG F) TBAR
0.010 18.06¢ 9.4 9.99 0.4€37 0.25
0,011 18.62 10.3 10.30 0.4783 Q.24
0.012 19.13 11.3 10.58 0.4914 0.23 0.0065 G673 0.8738
0.013 19.67 12.2 10,88 0.5051 .23 0.0075 92.88 0.7775
0.014 20.22 13.1 11.19 0.51¢4 0.22 v.0085 93.0% 0.7490
0.015 20.48 14.1 11.33 0.5260 0.22 0.0095 92 440 0.7274
0.020 21.91 18.8 12.12 0.5628 0.20 0.0105 91.67 0.7028
0.025 22.77 23.5 12.60 0.5849 0.19 0.0115 91.09 0.6831
0.035 24.38 3Z.8 13,48 N.6251 0.18 0.0165 a8 .64 N.6003
0.050 26.28 46.9 14.53 0.6749 0.17 0.0265 85.74 J.5025
0.070 28.65 65.7 15.85 0.7359 0.15 V.0415 83.406 0.4254
0.095 31.53 89.2 17.44 0.8099 N.14 0.0615 80.14 0.3134
0.120 34,11 112.6 18.86 0.8760 0.13 00365 T6.70 71972
0.145 36.11 136.1 19.97 0.9275 0.12 0.1115 T4.17 J.1116
0.17¢C 37.46 159.5 20.72 0.%621 0.12 0.1365 72.61 0.0588
0.195 38.19 183.0 ?21.12 0.9808 0.12 0.1615 71.72 C.0289
0.220 38.69 206.5 21.49 0.9636 N.11 0.1665 71 .28 Q.0142
0.245 38.86 229.9 21.49 0.9980 0.11 0.2365 70.9% 0.0039
04270 38.94 253.4 21.53 1.3000 0.11 0.5865 70.86 0.00n0
REX= 0.16357€ 06 <2ED2= 548. XV0= 42,21 IN. END2= 0.031IN. REEN= £92.
DEL1= 0.035 IK. JEL2= 0.02T7IN. H= 1.45 DEND2=0.001 DREEN= 18
CF2= 0.215655-02 DXV0= 0.30 DDEL1=0.001 TRFL2=0.001 ° - .

NrF/2=0.205 IN 2ATIQ T0=19J.47 F
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STANTON NUMBER DATA

TINF=

69.0

RUN 013174

UINF= 37.8
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE= 7.750

UNCERTAINTY IM REX=19434,

¥ M=z

PLATE

0.0,

X
50.30
52.30
54.30
56.30
58.30
60.30
62.30
64.30
66.30
68.30
70.30
72.30
73.82
T74.85
75.88
T76.91
17.95
78.98
80.01
81.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
89.29
90.32
91.35
92.38
93.41
94.45
95.43
96451
37.54

FLAT PLATE RUNy LOW REy STEP T-WALL AT VIRTUAL CRIGIN OF BL.

REX
0.17005€E
0.20892E
0.24779€
0.28666E
0.32552E
0.36439E
0.40326C
0.44213E
2.48100E
0.51987E
0.55874E
0.59760E
0.62714E
0.6471 6E
0.66718E
0.68729¢
0.70741C
0.72742E
0.T74744E
0.76746E
0.78748¢
0.80749E
0.82751¢<
0.84763E
0.86774E
0.88776E
0.907T7E
0.92779€
0.947T81E
0.96783€
0.98734E
0.10080E
0.10281E
0.10481E
0.10681¢€
0.10881E

T0

98.6
98 .6
98.6
98.6
98.6
98 .6
98.5
98.6
98.6
98.7
9B.6
96.0
95.2
95.7
95 .8
95.8
95.8
95.7
95.8
95.7
95.8
95.5
95.4
95.6
94.6
95.3
95.2
94 .9
24.8
95.8
95.8
95.8
95.2
95.¢6
94 .8

XV0=41.550

REENTH
0.65688EF
0.7679SE
0.88494E
0.99958E
0.11103€
0.121 71F
0.13213F
0.14235E
9.15230E
0.16203€
0.17160E
0.18091F
0.18763¢
0.19194E
0.19627€
0.20062E
0.20495¢
0.20934E
0.21377€
0.21808E
0.22245€
0.22685€
0.23106F
0.23527€
0.23948E
0.24365E
0.24786E
0.25201€
0.25616€
0.26026E
0.26439E
0.26854E
0.27258E
04276 74E
0.28093E
0.284G9€

03
03
03
03
04
04
04
04
04
04
04
04
04
04
04
04
04

RHN=

0.07492

STANTON NO
0.26953E-02
0.30199E-02
0.30001E~02
0.28987F~-02
0.27969E-02
0.27010€-02
0.26572E-02
0.26051€-02
0.25157€-02
0.248 70E-02
0.24389E-02
0.23502E-02
0.,21564F-02
0.21618E-02
0.21798€E~-02
0.21611F~-02
0.21564F-02
0.22238E-02
0.21958€~-02
0.21081%-02
0.22523€E-02
0.21366E-02
0.20656F~02
0.21425E-02
0,20543E-02
0.21038E-02
0.21034E-02
0.20372€E-02
0.21043F-02
0.19805€~02
0.21457E-02
0.199 79€-02
0.20274€E-02
0.21304E-02
0.20461F-02
0.20115£~02

*%% DISCRETE HOLE RIG ***x NAS-3-1433%

CP= 0.242
P/ID= 5

DST
0.5660E-N4
0.678E-04
J.578E~-04
0.671E-04
0.666F-04
0.661FE-04%
0.5595-04
0.657E-04
0.651E-04
0.649E-04
0.646E-04
0.5642E-04
0.406E-04
0.457E-04
0.46TE-04
D.461E-04
00461E-04
0.472E-04
0.456E-04
D.443E-04
0.467E~04
0.466E-04
0.458E-04
0.474E-94
0.,464F-04
0.472E~-04
0.471E-04
3.459€E-04
0.464E-04
0.462F-04
0.473E-04
0.454E-04
0.451E=04
0 0459E"04
0.477E-04%
0.520E-04

VISC=

DREFN
58.
58.
58.
58.
58.
58.
58.
59.
59,
59.
59.
59,
59.
59.
59.
59.
59.
59,
59.
59.
59.
59,
59.
59.
59.
59.
59.
59.
59.
59.
59.
sq.
59.
5¢.
£9.
59,

0.00
0.00
0.00
0.00
0.00
0.0"
0.00
0.00
0.00
0.00
0.00

0.16207E-03

MooE

0.0000
0.0000
0.0009
0.0300
0.0000
0.2700
0.0000
0.0200
0.0000
0.0000
0.1200

T2

98.6
98.6
98 .6
99.6
98.5
23.6
98.5
98.6
98.6
98,7
98,6

PR=0.715

THETA

1.000
1.200
1779
1.300
1.000
1.300
1.009
1.200
1.9n0
1.200
1.200

nTH

0.012
0.012
nN.012
0.212
0.012
0.712
0.012
0.012
0.012
0,012
0.012
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STANTON NUMBER DATA RUN 020374 *%x DISCRETE HOLE RIG **% NAS-3-1433%

TINFs  67.3 UINF= 37,2 XV0=41.550 RHO= 0.07555 CPx 0.241
DISTANCE FROM ORIGIN OF BL YO 1ST PLATE= 7,750 P/D= 5
UNCERTAINTY IN REX=19337, UNCERTAINTY IN F=0.03105 IN RATID

% M=(0,2, COLD RUN, LOW RE, STEP T~WALL AT VIRTUAL ORIGIN OF BL.

PLATE X REX T0 REENTH STANTON NO DST
1 50.30 0.16919E 06 96.0 0.65357€ 03 0.27183E-02 0.685E-04
2 52.30 0.20787€E 06 95.9 0.80387E 03 0.33612F-02 0.726E-04
3 54.30 0.24#654F 06 95.9 0.10039€ 04 0.35065E-02 0.742E-04
4 56430 0.28521F 06 96.0 0.12084t 04 0.35828E-02 0.739E-04
5 58.30 0.32389E 06 95.9 0.14103€ 04 0.34802E-02 0.733E-04
6 60.30 0.3625¢&E 06 95.9 0.16072E 04 0,33727E-02 0.726F-04&
T 62.30 0.40123E 06 95.9 0.18014E 04 0.33214E-02 0.T724E-04
8 64.30 0.43991E 06 96.0 0.19936E 04 0.32117€-02 0.7155-04
9 66.30 0.4T7858E 06 96.0 0.21822E 04 0.31672E-02 0.712F-04

10 68.30 0.51725E 06 96.0 0.23683E 04 0.31479E-02 O0.710F-04
11 70.30 0.55593E 06 96 .0 0.25523E 04 0.31080E-02 0.708E-04&
12 72.30 0.59460E 06 95.9 0.27341E 04 0.30627E-02 0.707E-04
13 73.82 0.62399E 06 93.0 0.28502E 04 0.25677E-02 0.473E-04
14 74.85 0.64391F 06 92.2 0.28998E 04 0.24122E-02 0.507F-04
15 75.88 0.66382E 06 92.9 0.29473E 04 0.234 76E-02 0.503E-04
16 76.91 0.68384E 06 93.1 0.29924E 04 0.22831E-02 0.489F-04
17 77.95 0.70385E 06 93 .3 0.30381E 04 0.2196B8E~-02 0.4T78E-04
18 78,98 0.72377E 06 93.3 0.30823F 04 0.22392E-02 0.485E-04
19 80.01 0.74368F 06 93.2 0.3126¢E 04 0.21987E-02 0.467E-04
20 8l.04 0.76360F 06 93 .5 0.31693E 04 0.20836E~02 0.449E-04
21 82.07 0.78352€ 06 93.3 0.32123€ 04 0.22264E-02 0.4T3E-04
22 83.10 0.80343F 06 93.5 0.32554E 04 0.21036E-02 0.472F-04
23 B84.13 0.82335E 06 93.2 0.32966F 04 0.20278E-02 0.463E-04%
24 B85.16 0.84336E 06 93.1 0.33377€ 04 0.20917E-02 0.478E-04
25 86.20 (0.86338E 06 93.2 0.33787E 04 0.20213€-02 O0+469E-04
26 87.23 0.88329E 06 92.3 0.34193E 04 0.205315-02 0.476E-04
2T 88.26 0.90321F€ 06 92.9 0.34602¢8 04 0.20477E-02 0.475€-04
28 89.29 0.92313F 06 92.8 0.35007E 04 0.20110E-02 0.4665-04
29 90.32 0.94304E 06 92.5 0.35413E 04 0.20690E-02 0.471E-04
30 91.35 0.96296E 06 92.3 0.35810E 04 0.19111€-02 0.467E-04
31 92.38 0.98288F 06 Q3.4 0.36212¢ 04 0.21169€-02 0.481E-04
32 93,41 0,10029€ 07 93.4 0.36618E 04 0.19522E-02 0.4595-04
33 94.45 0.10229t 07 93.4 0.37011€ 04 0.19927E-02 0.457E-04
34 95.48 0.10428E N7 92.9 0.37417F 04 - 0.20803E-02 0.463E-0%
35 96.51 0.10627% 07 93.2 0.37824E 04 0.19981F-02 0.483E-04
36 97.54 0.10827€ 07 92.4 0.38219€ 04 0.19703€-02 J.529E-0¢4

VISC= 0.16042E-03

DREEN
58‘
58.
58.
58.
58e
58,
58.
59,
59,
59.
59.
59.
59.
59,
59.
59.
59,
59.
59.
59,
59.
59.
59.
Sq.
59.
59.
59.
59.
5%.
59.
59.
59.
59.
59.
59.
59.

M

0.21
0.21
o.zl
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.22

F

0.0068
0.0068
0.0069
0.3369
0.0068
0.2068
0.0070
0.0069
0.0069
0.9069
0.00T

T2

Thed
Tha4
T4 b
78.3
14.2
T4.4
743
74.3
74.2
74.0
73.8

PR=0,T15

THET A

0.2%8
0.269
D.24%
0.244
0.243
D.249
0.246
0.243
0.239
0.234
0.227

n*H

0.009

' 0.009

02.009
0.909
0.009
0.009
0.009
0.009
0.009
0.009
0.009



1] 44

STANTON NUMBER DATA RUN 020474

TINF= T72.7

UINF=

37.5

Xv0=41.550

DISTANCE FROM ORIGIN OF 8L TO 1ST PLATE=
UNCERTAINTY IN REX=19103.

% "‘0.2'

PLATE X
1 50.30
2 52.30
3 54.30
4 56.30
5 58.30
6 60.30
7 62.30
8 64.30
9 66.30
68.30
70.30
72.30
T3.82
T4.85
75.88
76.91
17.95
78.98
80.01
81.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
89.29
90.32
91.35
92.38
93.41
94.45
95.48
96.51
97.54

HOT RUN, LOWw RE,

REX
0.16715€
0.2053 5€
0424358
0.28176E
0.31997€
0.35818E
0.39638E
0.43459E
0.4727SE
0.51100€
0.54920€
0.5874 1E
0.61644E
0.63612E
0.65580€
0.67557E
0. 69534
0.71501E
0.73469E
0.7543 6E
0.77404E
0.79372¢
0.81335¢
0.83316E
0.85293€
0.87261E
0.89229E
0.91196E
0.93164E
0.95131E
0.97099E
0.99076€
0.101C5E
0.10302F
0.1049SE
0.10696E

06
06
06
06
06
06
06
06
06
Q6
06
06
06
06
06
06
06
06

T0
1J1.6
101.4
101.5
101.5
10l.4
101.4
101 .4
101.5
101.5
101 .4
101.4
101.6

99.6

98.9

99.6

99.6

99.8
100.1

99,7
108.0
100.1

99 .7

99,7

99.9

99.9

99.0

99.8

99.7

99 .4

99.2
100.0

99.6

99.7

99.2

99.5

98.8

RHO= 0.07454

T.750

*%x% DISCRETE HOLF RIG #*+*¥ NAS-3-14336

CP= 0.242
P/D= 5

UNCERTAINTY IN F=0.03104 IN RATIO

REENTH
0.64567E
0.87987E
0.12340E
0.15736E
0.19015€
0.22165E
0.25118¢
0.27975¢
0.30888E
0.33304E
0.36964E
0.39965E
0.41656F
0.42028F
0.42385¢
0.42740E
0.43096F
0.43442E
0.43792€
0.44141E
0.44485E
0.44835E
0.45179¢
0.45513¢E
0.45847E
0.46192€
0.46534¢
0.46867E
0.47205€
0.47543€
0.47883F
0.48228E
0.48569E
0.4891 7€
0.49269¢
0.496 1 4F

03

STANTON NO
0.26927E-02
0.28016E-02
0.28278E-02
0.26711E~-02
0.25265€-02
0.23867E-02
0.22980E-02
0.21467€-02
0.21133E-~-02
0.20228€~02
0.19811F-02
0.18188E-02
0.19161E-02
0.18533E-02
0.17785E-02
0.18237€-02
0.17849E~02
0.17346E-02
0.18148E-02
0.17344E-02
0.17581E~-02
0.17960F-02
0.16927E-02
0.46981€-02
0.16949E-02
0.18048E-02
0.16732€E-02
0.16984E~02
N0.17346€E~02
0.16974€-02
0.17538€E-02
0.174 B7E-02
0.17169€E-02
0.181 7LE-02
0.17573€-02
0.174 76E-02

STEP T-wALL AT VIRTUAL ORIGIM NF BL.

0sT
0.682E-04%
0.691E~04
0.691E~04
0.5683E-04
0.676E-04
0.669E-04
0.665F-04
0.657E~04
0.656E~04
0.652E-04
0.651E-04
De641E-04
0.382E-04
0.427E-04
0.424E-04
0.423E-04
0.419€-04
D.416F-04
0.410E-04
0.398€E-04
0.409E-04
0.426E-04
0.415E-04
0.4226-04
0.420E-04
0.435-04
0.419E-04
J.416E-04
D.418€-04
0.428E~-04
0.428E-04
0.4285-04
N.418F-04
0.424E~)4
0.4476-04
0.4805-04

VISC= 0.16373E-03

DREEN
57.
58.
58.
58.
S8.
59.
59‘
59.
59.
60.
60.
60.
60«
60.
6°l
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.
60‘
60.
60.
50.
60,
60.
60.

™

0.22
0.20
Q.20
0.19
0.19
0.16
0.17
0.18
0.19
0.18
0.18

[

0.0072
0.7066
0.0066
0.0062
0.9062
0.0053
0.0057
0.0057
0.0063
0.0058
0.0057

T2

99.5
99.4
99.4
99.8
99.4
99,9
100.6
100.5
100.7
101.5
103.4

PR=0,T1S

THETA

0.932
0.927
0,927
0,045
0.931
0.948
0.971
0.965
0.975
1.003
1.062

nTH

0.N12
0.712
0.012
%.012
0.312
0.012
0.012
0.012
0.012
0.012
0.013



L1114

FOLLOWING 1S THE DATA FOR THETA=Q AND THETA=1l, WHICH WAS OBTAINED BY LINFAR SUPSRPOSITION THEOQORY.

THIS DATA WAS PRODUCED FROM RUN 020374
FOR THE DETAIL CHANGES OF PROPERTIES AND BOUNDARY CONDITIONS,

PLATE

gt
O OVDM~NOV P WA

N = gt gt et pms Pt Pt s
COVUO~NGCWMPWN

NNNNN
WM WN -

WwNNNN
OOV -NO

WWWwww
cCVMPwWN

REXCOL

169194. 8
207867.8
246540.9
285214.0
323887.1
362560.1
401233.3
439906.3
478579. 4
517252.5
555925.6
594598.7
623990.3
643906.9
663823.5
683836.6
703850.0
723766.6
T43683.3
763599.9
783516.8
803433.4
823350.0
843363.1
863376.5
883293.1
903209.8
923126.3
943043.3
962959.9
982876.5
1002889.0
1022903.0
1042819.0
1062736.0
1082652.0

RE DEL2

653.6
775.0
919.2
1070.1
1219.5
1365.2
1508.4
1648.7
1785.9
1921.9
2056.6
2189,1
2282.7
2336.4
2387.7
2437.3
2484.9
2532.2
2579.4
2624 .6
2670.3
271641
2759.4
2802.9
2846.4
2888.9
2931.9
2974.7
3017.5
3059.0
31CL.1
3143.6
3184.0
3227.0
3269.3
3313.5

ST{TH=0}

0.002718
0. 003564
0.023892
0.003913
0.003812
0. 003720
0. 003686
0.003572
0. 003522
0.003514
0.003452
0.003401
0.002787
0.002601
0.002539
0.002438
0.00233%
0. 002409
0.002328
0.,002201
0.002384
0. 002207
0.002141
0. 002224
0. 002131
0.002137
0.0021 74
0.002116
0.002182
0.001983
0.002239
0.002021
0. 002086
0.002169
0. 002079
0. 002045

REXHOT

167148.5
205353.9
243559,3
281764.6
319970.9
358175.4
396380.8
434586.1
472791.5
510996.9
549202.3
587407.6
616443.8
636119.5
655795.3
675566.3
6953377
715013.4
734689.2
754364.,9
774040.9
793716.7
813392.4
833163.5
852934.9
872610.6
89228643
911962.1
931638.1
951313.9
970989.6
990760.7
1010532.0
1030207.0
1049883.0
1069559.0

AND RUN 020474

RE DEL2

645.7
388.2
1258.3
1612.8
1953,2
227%.6
2584.9
2876.7
3173.1
34719.7
37187.7
4082.5
4246.3
4282.8
4318.0
4353.0
4388.1
4422.3
4656.8
4491.4
4525.3
4560.0
45% .0
4627.0
4660.1
4654.2
4728.2
4761.0
479 .5
4828.0
4861.7
4895.9
492%.8
496443
4999.3
5033.6

ST{TH=1})

0.002693
0.202746
0.N02 744
0.002573
0.002451
0.002288
0.002222
0.002105
0.302063
0.001¢985
0.001986
0.001912
0.001882
0.001824
0.001749
0.001800
0.00176%
0.001708
0.001795
0.001T716
0.001734
0.001780
0.001675
0.001678
0.001678
0.001792
0.001654
0.001682
0.001717
0.001686
0.001735
0.001738
0.001702
0.001803
0.001745
0.001736

FTA

uuvuy
0.229
0.295%
0.342
0.357
0.385
0.397
0.411
0.414
0.435
0.425
0.438
0.325
0.299
0.311
0.262
0.245
0.251
0.229
0.220
0.273
0.194
0.217
0,246
0.213
0.161
0.239
0.205
0.213
0.150
0.225
0.140
O0.184
0.169
0.161
0.151

STCR

vuuuy
1.223
1.382
1.430
1.429
1.426
1.442
1.424
1.427
l.446
1.442
1.440
1.191
1.118
1.099
1.061
1.023
1.061
1.031
0.980
1.066
0.992
N.967
1.010
0.972
0.979
1.000
0.978
1.013
0.924
1.048
0.950
0.98%
1.027
0.989
0.976

PLEASE SEE THE ABOVE TWN RUNS

F-COL

0.0000
0.0068
0.0068
0.0069
0.0069
0.0068
0,0768
0.0070
0.0069
0.0069
0.0069
0.00T1

STHR

guguuyy
N.940
0.“72
0.938
0.917
0.875
0.8&7
0.837
0.834
0.815
0.327
0.807
0.803
0.783
0.755
0.782
0.770
0.752
0.793
0.762
0.774
0.798
0.755
0.760
0.753
0.819
0.759
0,776
0.795
0.784
0.810
0.815
0.801
0.852
2.828
0.826

F=HNT

0.0209
0.0073
0.0066
1.0066
0.0062
0.1062
0.0053
0.0057
2. 9057
0.N063
0.0058
0.0057

PHI-1

uusyy
1.921
1.911
1.895
1.836
1.805
1.697
1.723
1.738
1.812
1.774
1.741



(434

STANTON NUMBER DATA RUN 020574

TINF=

67.8

UINF= 36.8
DISTANCE FROM ORIGIN GOF BL TO 1ST PLATE= ‘7,750

UNCERTAINTY IN REX=19011.

*%% D] SCRETE HOLE RIG #a* NAS-3-14336
XV0=41.550

RHO= 0.07539

CP= 0.241
P/D= 5

UNCERTAINTY IN F=0.03110 IN RATIO

* M=0,5, COLD RUN, LOW RE, STEP T-WALL AT VIRTUAL ORIGIN OF BL.

PLATE X
50.30
52.30
54.30
$6.30
58.30
60.30
62.30
64.30
66+30
68.30
70.30
72.30
73.82
T4.85
75.88
76.91
77.95
78.98
80.01
81.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
89.29
90.32
91.35
92.38
93.41
94.45
95.48
96.51
97.54

- s
=0 OVEO~NONLWNM

o o (s s Pt Pt ot pud
OoO~NCVMIWN

WLWWWBWNNNNNNNNDNNN
SPUVNROOLOO~NOWNIPWLUN~O

w W
(- ]

REX
0.16634E
0.20436E
0.24239€
0.28041€
0.31843€
043564 5E
043944 7E
0.43249E
0.47051E
0.5085 3€
0.5465 6€
0.5845 8E
0.61347€
0.63305E
0.65264F
0.67231E
0.69199E
0.71157€
0.7311SE
0.75073€E
0.77031E
0.78989€
0.8094 7E
0.82915€
0.84883E
0.8684 1€
0.88799€
0.90757€E
0.9271 5€
0.94673€E
0.9663 1€
0.98599€
0.1005 7€
0.10252€
0.1044 8E
01064 4E

T0

96.0
96 .0
96.1
96.1
96.1
96.2
96.1
96.1
96.1
96.1
96.1
96 .0
92.7
92,1
93.1
93.4
93.56
93.7
93.8
94.1
93.9
9%4.1
93.3
93.7
93.8
92.8
93.4
93.4
93.0
92 .9
93.9
93.9
93.9
93.3
93.6
92 .1

REENTH
0.64256E
0.81190E
0.10504E
0.12955€
0.15392F
0.17802E
0.,20205€
0.22592€
0.24928E
0.27217E
0.29456E
0.31641E
0.33001€
0.33538E
0.34028€
0.34482€
0.34907E
0.35315¢€
0.35714E
0.36095€
0.36476E
0.36858E
0.37222E
0.37587E
0.37949E
0.38313¢
0.38684E
0.39047F
0.39416E
0.39783F
0.40152E
0.40525€E
0.40890E
0.41270E
0.41652¢
0.42024F

03
03
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04

04

STANTON NO
0.28214E-02
0.38987E-02
0.43089€-02
0.43717€-02
0,429 74E~-02
0.42226E-02
0.41215€-02
0.39801€-02
0.386 98E-02
0.37821E~-02
0.36619€-02
0.35561E-02
0.28640€-02
0.26074E-02
0.23917€~02
0.22419€E-02
0.20928E-02
0.,20748E-02
0.19944E-02
0.18844E-02
0.20068E-02
0.18904E-02
0.18285€-02
0.18907E-02
0.18052E-02
0.19029E-02
0.18816E-02
0.18219E~02
0,19 82E-02
0.17955€-02
0.19672€~-02
0.18361E-02
0.18877€-02
0.19903€E~02
0.190TTE-02
0.18816E-02

ST
0.713E-04
0.783E~-04
0.812E-04
0.816E-04
0.812E-04
0.804E-04
0.798BE-04
0.78BE=-04
0.779E-04
0.772E-04
0.764E-04
0.7595-04
0.524E-04
0.546E-04
0.520E-04
0.492E-04
0.473E-04
0.4T72E-04
0.447E~04
0.430E-04
0.451E-04
0.451E-04
0 446E-04
0.460E~-04
0.451E-04
0.466E-04
0.462E-04
0.450E-04
0.4625-04
0.460E-04
0 .469E-04
0,452E-04
0.451E~04
0.458F-04
0.481E-04
0.533E-04

VISC= 0.16124F-03

DREEM
57.
51.
57.
58.
58.
58.
58.
58.
59
59.
59.
59,
59.
59.
59.
59.
59.
59,
59,
59,
59,
59.
59.
59.
59.
59.
60.
60.
60,
60.
80.
60.
60,
60.
60'
60.

L]

0.53
0.55
0.51
0.54
0.54
0.54
0.53
0.55
0.53
0.54%
0.52

F

0.01 T2
0.0178
0.0167
0.0174
0.01 74
0.0176
0.0171
0.0177
0.017T1
0.0176
0.0169

T2

Tl.4
1.2
T1.3
T1.2
7.2
T4
T1.5
Tl.&
Tled
1.3
Tl

PR=0,.713

THET A

0.127
0.121
0.124
0.129
0.119
0.127
0.130
0.125
0.127
0.123
0.125%

DTH

0.909
0,009
n.009
0.719
0.099
0.009
0.009
0.009
0.009
0.009
0.009



1414

STANTOM NUMBER DATA FRUM

TINF=

69.7
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE= 7.750

UINF=

37.1

020674

“%x DISCRETF HOLE RIG #*% NAS-3-14336

XV0=41.550

UNCERTAINTY IN REX=19128.

" M=

PLATE

0-5'

X
50.30
52.30
54.30
56.30
58.30
60.30
62.30
64.30
66430
68.30
70.30
72.30
73.82
74.85
75.88
76.91
17.95
78.98
80.01
8l.04
82.07
33.10
84.13
85.16
86.20
87.23
88.26
89.29
90.32
91.35
92.38
93.41
94.45
95.45
96.51
97.54

HOT RUN,

REX
0.16737E
0.20562¢
0.24388E
0.28214F
0.32039E
0.3586¢SE
J«39690E
N.4351 6E
0.47341E
0.51167E
0.54992¢
J.58818F
0.61725E
0.63696E
0.65666€
0.67646E
0.69625E
0.71595E
0.73566E
0.75536E
0.77506E
0.79476E
0.81446E
0.83426¢
0.85406E
0.87376E
0.89346F
0.91316E
0.©3286E
0.95257¢
0.97227¢
0.99206¢
0.10119€
0.10316¢
0.10513¢
0.10710C

LIw RE,

06
06
06
06
06
0¢
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
06
d6
06
06
06
06
07
97
07
0?

TO
102.7
102.5
102.6
102.6
10245
102.5
102.4
102.4
102.6
102.4
102.4
102.6
101,.1
100.7
101.5
101.7
101.9
102.1
101.9
102.1
102.1
102.0
101.9
102.0
102.0
101.1
101.8
101.7
101.3
101.1
101.8
101.5
101.6
1C1.1
101.3
100.5

RHO0= 0.07535

CP= 0,241
P/D= 5

UNCERTAINTY IN F=0,03107 IN RATIO

REENTH
0.64652¢E
0.10799¢
0.18682F
0.26643E
0.34473E
0.42452€E
0.50506E
0.58236E
0.65596E
0.73070E
0.80650t
0.88061F
0.91859¢
0.92145€E
0.92405€
0.92653E
0.92892E
0.93124E
0.93355E
0.93582€
0.93807€
0.94036E
0.94259E
0.94480E
0.94T01F
0.94929E
0.95160E
0.95386E
0.95621E
0.95857F
0.95095€
0.96340E
0.96584E
0.96837F
0.37094F
0.97346F

STEP T-wALL AT VIRTUAL

03
04
04
04
04
04

STANTON NG
0.27910E-02
0.30348€-02
0.30587E-02
0.28590E-02
0.268649E-02
0.25513E-02
0.23923E-02
0.22056E-02
0.20598E~02
0.19229E-02
0.17874F-02
0.16458F-02
0.15226E-02
0413743E-02
N.12690E~02
0.123 60€E-02
0.11885€E-02
0.11708E-02
0.11730€-02
0.11222E-02
0411654E-02
0.11512F-02
0.11100E-02
0.11291E-02
0.11100€E-02
0.12062E-02
0.11356€E-02
0.11583E-02
0.121 75€-02
0.11753E-02
0.124725-02
0.123 60E-02
0.12370E-02
N.13225E~02
0.12899E-02
0.12578E-02

DRIGIN OF BL.

DST
0.617E-04
0.633E-04
0.634E-04
0.622E-04&
J.613E-04
0.607E~-04
0.600E-04
0.591E-04%
0.581E-04
0.579€-04
0.574E-04
J.565E-04
0.307E-04
0,336E-04
0.331E-04
0.322E-04
0.318E-04
0.318E-04
0.305E-04
0.297E-04
0.309E-04
0.319€-04
0.3156E-94
0.324E-04
0.320%-04
0.331E-04
0.324E-04
0.322F-04
0.325E-04
0.334E-04
0.3356-04
0.335E-04
0.329F-04
0.332F-04
0.356E-04
0.386E-04

VISC= 0.161505-02

DREEN
57.
58.
61.
63.
65.
67.
69.
mn.
T2.
T4.
76.
7.
78.
8.
78.
18.
T8.
78.
78«
78‘
78.
T8e.
T8.
78.
T18.
T8¢
78.
78.
78.
78.
18.
78«
78.
78.
78.
78.

M

0.50
0.53
0.51
0.52
0.55
0.54
D.49
0.51
D.5%
0.55
0.54%

(<

0,0163
0.0171
0,0165
0.2168
0.0178
0.01 78
0.01 60
0.0165
0.0176
0.0179
0.0175

T2

103.5
104.9
104.4
104.9
103.8
104 .4
104.7
103.7
103.2
102.3
102.5

PRx0.713

THETA

1.032
1.270
1.057
1.773
1.239
1,062
1.270
1.033
1.224
J.997
0.997

DTH

0.011
0.011
0.011
0.011
0.011
0.011
0.2711
0.011
0.011
0,011
0.011



4 ¢

FOLLOWING IS THE DATA FOR THETA=0 AND THETA=l, WHICH WAS OBTAINED BY LINEAR SUPERPNSITION THIORY,
THIS DATA WAS PRODUCED FROM RUN 020574 AND

FOR THE DETAIL CHANGES CF PRCPERTIES

PLATE

WWWWWRANRNNNNNNNNN 0w b e s g o b
g\l-’UN""OOO#OU‘J‘NNFQOOQOU#HNF‘OOGQOUOWN.—-

REXCOL

166343.1
204364.4
242385.7
280407.0
318428.3
356449.6
394470.8
432492.1
470513.4
508534.7
546556.0
584577.3
613473.6
633054.5
652635.4
672311.3
691987.3
711568.3
731149.2
750730.1
770311.4
789892.3
809473.3
829149.1
848825.1
868406,.1
887987.0
907567.9
927149.2
946730.1
966311.1
985986.9
1005662.0
1025243.0
1044824.0
1064405.0

RE DELZ2

642.6
172.6
934.0
1105.8
1278.3
1448.2
1615.4
1778.6
1937.2
2092.5
2244 .0
2391.4
2494 .1
2551.2
2603.3
2651.5
2696.6
2739.8
2782.0
2822.1
2862 .4
2902.7
2941.1
2979.5
3017.7
3055.9
3094.9
3133.1
3171.9
3210.4
3249.1
3288.1
3326.3
3366.0
3405.9
3444.7

ST{TH=0)

0.002821
0. 004020
0.0044 68
0. 0045 72
0. 004500
0. 004439
V. 004356
0.004226
0.004119
0. 004046
0.003925
0. 003831
0.003046
0.002775
0. 0025 44
0.002378
0. 002215
0.002197
0.002106
0.001988
0.002121
0.001991
0.001926
0.001994
0. 001900
0.001957
0.001983
0. 001912
0.002047
0. 001880
0.002065
0. 001918
0.001976
0. 002081
0. 001991
0. 001966

AND BOUNDARY CONDITIONS, PLEASE SEE THF ABOVE TWO RUNS

RUN 020674

REXHOT PE DFL2
167368.4 646.5
205624.0 1070.6
243879.6 1828.5
282135.3 2587.1
320390.9 3332.8
358646.5 4097.8
396902.2 4872.8
435157.8 5608.3
473413.4 6315.3
511669.1 T047.4
549924.7 7799.1
588180.3 8541.9
617254.7 8923.0
636956.3 8952.7
656657.9 8979.8
676455.0 9005.5
696252.4 9030.2
T15954.0 9054.3
735655.6 9078.2
755357.3 9101.5
715059.2 9124.8
794760.8 9148.4
814452. 4 91 71.3
834259.5 919 .1
854056.9 9216.8
873758.5 9240.2
893460.1 926440
913161.8 9287.2
932863.7 9311.3
952565.3 9335,5
972266.9 9360.0
992064 .0 9385.0
1011861.0 9410.0
1031562.0 935.8
1051264.0 9462.2
1070966.0 94 37.8

STITH=1)

0.002791
0.303065
0.003151
0.002952
0.002810
0.002622
0.002506
0.0021338
0.002125
0.001973
0.001781
0.001640
0.001583
0.001430
0.001320
0.001281
0.001229
0.001211
0.001210
0.001157
0.001203
0.001184
0.001142
0.001163
0.001141
0.001238
0.001169
0.001188
0.001250
0.001203
0.001280
0.001263
0.001266
0.001353
0.001318

0.001286

ETA

(I T]
0.238
04295
0.354
0.376
0.409
0.425
0.447
0.484
0.512
0.546
0.572
0.480
0.485
0.481
0.461
0.445
0.449
0.425
0.418
0.433
0.405
0.407
0.417
0.399
0.389
0.410
0.379
0.38¢9
0.360
0.380
0.341
0.359
0.350
0.338
0.346

STCR

uuuly
1.373
1.579
1.664
1.680
1.695
1.697
1.677
1.663
1.659
1.632
1.615
1.297
1.188
1.0%6
1,031
0.966
0,963
0.928
0,881
0.945
0.891
0.867
0.901
9.863
0.911
J.909
0.880
0.946
D.873
N.962
0.897
0,928
0.982
0.943
0.934

F-COL

0.0090
0.0172
0.0178
0.0167
0.0174
0.0174
0.0176
0.0171
0.0177
0.0171
0.0176
0.0169

STHe

RISV B U
1.048
1.115
1.076
1.050
1.00?
0.97¢2
0 L] 9 29
0.859
2.810
0.742
0.692
0.675
0.613
0.569
0.555
0.537
0.532
0.5%
0.513
0.537
0.531
0.515
0.527
0.519
0.565
0.%537
0.548
0.579
0.559
0.5°7
0.592
0.596
0.639
0.625
0.612

F-HnT

0.0090
0.0163
0.0171
0.0156%
0.0168
0.017R
0.017¢
0.0160
2.0165
0.0176
0.0179
0.017%

PHI-1

uuuiy
3.726
3.253
3.18%
3,228
3.316
3.295
3,000
3.074
3.149
3.107
3,003




S1?

STANTON NUMBER DATA RUN 012474

TINF=

71.5

UINF= 37.8

UNCERTAINTY IN REX=19322.

*% M=0,0, FLAT PLATE RUN+LOW RE, STEP T-WALL AT VIRTUAL

PLATE

VO~NOUNLWNm-

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

X
50.30
52.30
54.30
56430
58,30
60.30
62430
64430
66430
68.30
70.30
72.30
73.82
74.85
75.88
76.91
77.95
78.98
80.01
81.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
89.29
90.32
91,35
92.38
93.41
94.45
95.48
96.51

9754

REX
0.16907E
0.20771E
0.24636E
0.28500¢
0.32364E
0.36229¢
0.40093E
0.43958E
0.47822E
0.51686E
0.55551F
0.59415E
0.62352¢€
0.64342E
0.66333E
0.68332E
0.70332E
0.72322E
0.74312E
0.76303E
0.78293E
0.80283E
0.82273E
0.84273E
0.86273E
0.88263E
0.90253E
0.92243F
0.54234E
0.96224E
0.98214E
0.10021€
0.10221E
0.10420E
0.10619E
0.1081 8F

T0
100.6
100.6
100.7
100.7
100.7
100.7
100.7
100.6
100.7
100.7
100.7
100.7

98.1

97.3

97.7

97 .7

97.8

97.8

977

97.9

97.7

97 .9

97 .5

97.5

97.8

97 .4

97 .6

97 .4

97.1

97.6

98.0

97.9

97.8

97 .4

97.7

97 .0

*k%x D] SCRFTE HOLE RIG ®k& NAS-3-14336

XV0=41.550
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE= T.750

REENTH
0.65308E
0.76108E
0.87293F
0.98247E
0.10882E
0.11909€E
0.12915E
0.13899E
0.14859€
7.15806E
0.16737E
0.17643€
0.18305€E
0.18727E
0.19154E
0.19586E
0.20014E
0.20446F
0.20882E
0.21309E
0.21744E
0.22182F
0.22602E
0.23019F
0.23434E
0.23856E
0.24279E
0.24687E
0.25054€E
0.25500€
0.25913E
0.26323E
0.26722E
0.27132F
0.27542E
0.27947TE

03
03
03
03
04
04

RHO= 0.07473

STANTON MO
0.26634E-02
0.29259€-02
0.28625€-02
0.28B071E-02
0.26645E-02
0.26517F~02
0.25561E-02
0.25325€E-02
0.243T0E-02
0.24629E-02
0.23598E-02
0.23257€E-02
0.21329E-02
D.21054E-02
0.21770E-02
0.21654F-02
0.21321€-02
0.21992€E-02
0.21817€-02
0.21008F-02
0.22662E-02
0.21274F-0Q2
0.20880E~-02
0.21018E-02
0,20611€-02
0.21714E-02
0.29830E~-02
0.20085€-02
0.20725E-02
0.20104£-02
0.,21338E-02
0.197 72€-02
0.202 78E-02
0.20856E-02
0.20371E-02
0.20267€-02

CP= 0.241
P/D=10

ORIGIN OF 8L,

1131
0.669E-04
0.683E-04&
0.678F-04
0.674E-04
0.668F-04&
D .666E-04
0.662E-04
0.662E-04
0.6556-04
0.657F-04
0.652E-04
0.650F-04
0.407F-04
0.458E-04&
0.4T2E-04
D.467E-04
0.464E-04
0.475E-04
0.460E-04
0.447E-04
0.474E-04
0.47T0E-04
0.456E-04&
D4THE-04
0.465E-04
0.479E-04
0.4T0E~04
0.459E-04
0.462E~04
0.466E-04
0.4T2E-04
0.456E-04
0.456%~04
0.458E-04
0.4B81E~04
0.525E-04

VISC= 0,16321E~-03

DREEN
58.
58.
58.
58.
58.
58.
58.
53.
58'
58.
58.
f8.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58,
58.
58.
53.

]

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00

F

0.0000
0.2000
0.0000
0.0000
0.0900
0.0000
0,0200
0.0000
0.0000
0.0000
0.2200

T2

100.6
100.7
100.7
100.7
100.7
100.7
100.6
100.7
100.7
100.7

100.7

PR=0,714,

THETA

1.000
1.920
1.000
1.900
1.900
1.000
1.000
1.200
1.000
1.000
1.000

NTH

0.012
0.912
N, N2
0.012
7.012
N.012
0.012
0.012
n.012
0.012
0,012



917

STANTON NUMRER DATA RUN 012774

TINF=

68.7

UINF= 37.7

UNCERTAINTY IN REX=19481.

** M=0,.2,
PLATE X
1 50.30
2 52.30
3 54.30
4 56.30
5 58.30
6 60.30
T 62.30
8 64.30
9 66.30
10 68.30
11 70.30
12 72.30
13 173.82
14 74.85
15 75.88
16 76.91
17 77.95
18 78.98
19 80.01
20 81.04
21 82.07
22 83.10
23 B84.13
24 85.16
25 86.20
26 87.23
2T 88.26
28 89.29
29 90.32
30 91.35
31 92.38
32 93.41
33 94.45
34 95.48
35 96.51
36 97.54

REX

0.17046E
0.20942€
0.24338E
0.28734E
0.3263CE
0.36526E
0.40423E
0.44319E
0.48215E
0.52111F
0.56007E
0.59903E
0.62865€E
0.64871E
0.66878E
0.68894E
0.70910E
0.72917E

0.74923F -

0.76930E
0.7893¢E
0.80943E
0.82949E
0.84965¢E
0.86982E
0.88988¢E
0.90995E
0.93001E
0.95008F
0.97014E
0.99021E
0.10104E
0.10305€
0.10506¢&
0.10707¢
0.10907¢

COLD RUM¢ LOW RE,

T0

97.6
97 .4
97 .5
T4
7.5
97.5
97 .5
97.5
97.5
97 .4
97 .5
97.5
94 .6
93.8
94.3
94 .5
94 .6
94 .4
94.5
94.7
94 .5
94 .6
94 .3
94 .3
94 .5
94.1
94.3
94.1
93.8
94 .0
94 .8
94 .6
94 .7
94 .2
94.5
$3.8

k=% N]SCRETE HOLE RIG *&«x NAS-3-14336

Xv0=41.550
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE= 7.750

RHO= 0.07537

CP= 0.241
P/D=10

UNCERTAINTY IN F=0.03100 IN RATIOQ

REENTH
0.65845E
0.79017¢
0.92804E
0.10623F
0.11929¢
0.13216E
0.14486F
0.15726¢€
0.16942F
0.18158€
0.19369€
0.20548¢
0.21417€
0.21895¢
0.22329¢€
0.22797¢
0.23252€
0.23711€
0.24172%F
0.24614F
0.25063F
0.25516E
0.25950E
0.26384E
0.26817€
0.27254F
0.27692¢
0.28113¢E
0.28535F
0.28953F
0.29376F
0.29801€
0.30213€
0.30635F
0.31060E
0.31479%

03
03
03
04
04
04
04
04
04
04
04
94
04
04

STANTON NO
0.27721E-02
0.31967€E-02
0.308 75E-02
0.30361E-02
0.289 T3E-02
0.291 54E-~ 02
0.28082€E-02
0.,28059€E-02
0.26861E-02
0.27614E-02
0426592E-02
0.26533£-02
0.24238E-02
0,23353E-02
0.23548E~-02
0.23067€-02
0.22282F~-02
0.23341€-02
0.22607E5-02
0.21362E-02
0.,23321E-02
0.21824E-02
0.21359E-02
0.21880€E-02
0.21229E-02
0.2226&4E-02
0.21277E-02
0.2066TE-02
0,21333F-02
0.20301E-02
0.21806F-02
0.20490€E-02
0.20558E-02
0.21418E-02
0.20895€E-02
0.20329€E-02

STEP T-WALL AT VIRTUAL IRIGIN NF &L,

DST
0.678E-04
0.707€-04
0.700E-04
0.698E-04
2.688E-04
0.690E-04
0.682E-04
0.683E-04
0.675E-04
0.682E-04
0.675E-04
0.674E-04
0.449E-04
0.493E-04
0.500€E-04
0.489E-04
0.461E-04
0.496E-04
0.474E-04
0.455E~04
D.486E-04
0.480E-04&
0.4T6E-04
0.489€-04
0.477E-04
0.490E-04
0.480E-04
0.471E-04
D.,476E-04
0.4T5E-04
0.484E-04
D.468F-04
0.463F-04
J.468E-04
0.491F-04%
0.537F-04

VISC= 0.16119€-03

DREEN
58‘
58.
59.
59'
59.
59.
59.
59.
59,
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
5°.
59.
59,
59.
59.

0.21
0.00
0.22
0.00
0.22
0.00
0.20
0.00
0.22
0.00
0.22

3

0.0017
0.0017
0.0018
0.0018
0.0018
0.0018
0.0016
0.0016
0.0017
0.17017
0.0018

75.6
97.5
75.0
97.5
752
97.5
15.3
97.5
T5.2
97.5
T4.6

THETA

0.234
0.234
0.218
0.2718
0.225
0.22%
n.229
0.229
0.227
0,227
0.204

PRP20, 714



L1

STANTON NUMBER DATA

TINF=

T1l.9

RUN 012874

UINF= 37,8

UNCERTAINTY IN REX=19327.

¥ M=z0.2,

PLATE X

VOO WN -

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

36

50.30
52.30
54.30
56.30
58.30
60.30
62.30
64.30
66.30
68.30

‘70.30

72.30
73.82
T4.85
75.88
T76.91
17.95
78.98
80.01
81.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
89.29
90.32
91.35
92.38
93.41
9%4.45
95.48
96.51
S7.54

REX
0.16911¢
0.20777E
0.24642E
0.28507€
0.32373€
0.36238E
0.40104E
0.43959E
0.47835€
0.51700E
0.55565F
0.59431E
0.62368E
0.64359E
0.66350E
0.68350E
0.T0351E
0.7234%41E
0.74332E
0.76323E
0.78313E
0.80304€E
0.82295E
0.84295E
0.86295€
0.88286E
0.90277E
0.92267E
0.94258E
0.96249E
0.98240¢
0.10024E
0.10224E
0.10423E
0.10622F
0.10821€E

HOT RUN, LOW RE,

T0
102.8
102.8
102.6
102.7
10206
102.8
102.6
102.8
102.7
102.7
102.5
102.8
100.1

99.2
100.0

99.9
100.1
100.6
100.2
100.4
100.6
100.1
100.1
100.5
100 .4

99.7
100.6
100.4
100.1
100.0
100.56
100.0
100.2
.99.7

- 100.0

99 .4

*kx NTSCRETE HNLE RIG *%x% NAS-3-14336

XV0=41,550
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE= 7.750

RH0= 0.07472

CP= D.242
P/D=10

UMCERTAINTY IN F=0,03100 IN RATIN

REENTH
0.65325E
0.80865E
0.96722€
0.11203€
0.12695E
0.14200F
0.15679€
0.17077E
0.13443E
0.19866E
0.21267€
0.22643E
0.236064F
0.24089E
0.24359F
0.24T773€
0.25192E
2.25599E
0.26006E
0.266416E
0.26820E
0.27233E
0.27642E
0.28036E
0.28427E
0.28832¢
0.29230F
0.29616E
0.30005E
0.30399€
0.30797F
0.31192€

0.31582€ -

0.31976F
0.32376E
0.32773F

STANTON NO
0.26936F-02
0.28213E-02
0.28585€-02
0.26711€-02
0.26509€-02
0.24893E-02
0.251 24E-02
0.23798€E-02
0.23514E-02
0.22255E-02
0.22433€E-02
0.19831E-02
0.21589E-02
0.21066E-02
0.20483E-02
0.21071E-02
0.20895E~-02
0.19970€~-02
0.20882E-02
0.20238€-02
0.20328E-02
0.21067F-02
0.19992F-02
0.19524€-02
0.19726E-02
0.20948€-02
0.19019F-02
0.19715€E-02
0.19326E~-02
0.20136E-02
0.19745€E-02
0.19855E-02
0.19343F-02
0.20155F-02
0.19952E-02
0.19944E-02

STEP T-WALL AT VIRTUAL NRIGIN OF BL.

DST
0.638E-04
0.645F-04
0.650E~04
0.638E-04
J.639E-04
0.628E-04
0.631E-04
0.622E-04
0.623E-04
J.616E-04
0.620E-04
0.604E-04
0.399E-04
0.442E-04
0.441E-04%
0.4425-04
0.440E-04
0.432E-04
0.428FE-04
0.418E-04
0.427E-04
D.446E-04
0.434E-04
0.434E-04
0.433E-04
0.448E-04
0.427E-04
0.429E-04
0.422F-04
0.443E-04
0.436E-04
0.438E-04
0.427E-04
0.430F-04
0.454C-04
J.485F-04

VIisC=

DREEN
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58
58.
58.
58.
58.
58,
58.
58.
58'
58.
58.
59.
59.

M

0.17
0.00
0.16
0.00
0.18
0.00
0.15
0.00
0.16
0.00
0.16

[3

0.0014
0.0014
0.0013
0.0013
n.7014
0.9014
0.0312
0.0912
0.0213
0.0013
0.0013

2.16318E-03

T2

100.4
102.6
100.6
102.6
100.7
102.6
102.6
102.7
105.1
102.5
107.4

PR=0,71%

THITA

0.924
0.924
0.932
0,932
0.932
0.93?
0.994%
0.994
1.079
1.079
1.149

NTH

0.011
n.l12
0.011
0.012
0.711
0.912
0.011
0.012
0.012
0.712
0.012



81¢

FOLLOWING 13 THE DATA FOP THETA=0 AND THETA=1l, WHICH WAS DBYATNED RY LINEAR SUPERPNSITINN THENPY,
THIS DATA WAS PRODUCED FROM RUN 012774 AND

FOR THE DETAIL CHANGES OF PROPERTIES AND BOUNDARY CONDITIING, PLEASE SFE THE ARDYE TN RUNC

PLATE

OO O VP N -

REXCOL

170456.9
209418.6
248380.1
287341.8
326303.3
365264.9
404226.5
443188.1
482149.7
521111.3
560C72.9
599034.5
628645.4
648710.6
668775.8
688938.2
709100.9
729166.1
749231.3
769296. 4
789361.9
809427.1
829492.3
B49654.8
869817.4
889882.6
909947.8
930013.0
950078.5
970143.7
990208.9
1010371.0
1030534.0
1050599.0
1070664.0
1090729.0

RE DEL2

658.5
T17.2
903.6
1026.6
1145.8
1263.2
1379.2
1492.8
1604.3
1715.1
1825.7
1934.1
2013.8
2063 .0
2111 .7
2160.0
220646
2253.8
2301.5
2346.5
2392.6
2439.0
2483.1
2527.6
2572.0
2616.5
2661.3
2704 .4
2747.5
2789.9
2832.9
2876.1
2917.9
2960.8
3004.0
3046.4

ST(TH=0)

0.002772
0.003324
0.003165
0.003148
0.002973
0. 003051
0. 002902
0.002933
0.002786
0.002905
0.002770
0.002798
0. 002502
0.002403
0. 0024 45
0.002365
0. 002269
0.002433
0.002311
0.0021 69
0. 002429
0.002205
0.002176
0.002257
0.002167
0. 002265
0. 002194
0. 002095
0.002192
0.002034
0. 002241
0.002068
0. 002092
0.002179
0.002117
0.002109

REXHOT

169111.9
207766.0
2664620.2
285074.3
323728.4
362382.6
401036.8
439690,9
478345.1
516999.2
555653.4
594307.5
623684.8
643591.6
663498.4
683501.8
703505.4
T23412.2
T43319.1
763225.9
783133.1
803039.9
822946.8
842950.1
862953.7
882860.6
902767.4
922674.3
942581.4
662488.3
982395.2
1002398.0
1022402.0
1042308.0
1062215.0
1082122.0

RUN 012874

RE DELZ

653.3
8ll.9
973.2
1128.5
1279.9
1433.0
1583.2
1722.6
1859.4
1998.7
2136.6
2269.7
2368.4
2410.8
2439.6
2480.9
2522.7
2563.3
2604.0
2644 .9
2685.3
272645
2767.4
2806.7
2845.7
2886.2
2926.0
2964.5
3003.4
3042.7
3082.5
3121.9
3161.0
3200.3
3240.2
3279.9

STY{TH=1)

0.002694
2.002780
0.002833
0.002636
0.002627
0.002448
0.002484
0.002376
0.002349
0.002275
0.002282
0.002089
0.002155
0.002103
0.002044
0.002104
0.002087
0.001992
0.002086
0.002022
0.002028
0.002106
0.001997
0.001949
0.001970
0.202093
0.001898
0.001970
0.001930
0.002018
0.001971
0.001984
0.001932
0.002013
0.001994
0.001993

ETA

yuuuuy
D164
2.105
0.163
0.116
0.198
O.144
0.190
0.157
0.217
0.176
0.253
0.139
0.125
0.164
0.111
a.080
0.181
0.098
0.068
0,162
0.045
0.08?
0.137
0.091
0.07¢
0.135%
0.060
0.120
0.007
0.120
0.040
0.,07¢&
.75
0.058
0.05%

STCR

vy
tel42
1.125
1.152
1.116
l1.172
1.137
1.171
l1.131
1.198
1.159
1.186
1,071
1.0M35
1.060
1.031
0.995
1.073
1.025
0.967
1,084
0.993
0.98%
1.026
0.990
1.039
1.011
0.970
1.019
0.949
1,051
0.973
n.oea
1.03¢%
1.008
1.008

F=CN

0.0000
0.2017
0.0017
0.0018
0.0018
0.0018
0.9018
0.0016
0.0016
0.0017
0.0017
0.0018

STHR

gyt
0.954
1.006
0,962
0,985
0.939

0.972

0.947
0.952
0.936
0.953
0.n84
0.921
0.904
0.886
0.915
0.914
0.877
0.923
0.900
0.907
0.947
0.902
0.885
0.899
0.959
0.874
0.911
0.89¢
0.941
0.923
0.933
0.912
0.954
0.948
0.051

F=HAY

0. 0000
0.0014
0.N016
0.0013
0.0013
0.0014%
7. 0014
0.0012
0.N0012
0.0013
0.0013
0.0013

PHI-1

ngoy
1.172
1.232
1.183
1.210
1.191
1.229
l.166
1.174
1.182
1.202
1.129



612

STANTON NUMBER DATA RUN 012974-1 =%k DISCRETE HOLE RIG *%& NAS-3-14336

TINF= 69.7 YINF= 37.2 XV0=41.550 RHO= 0.074937 CP= Q.241
DISTANCE FROM OURIGIN OF BL TO 1ST PLATE= T.750 >/D=10
UNCERTAINTY IN REX=19109. UNCERTAINTY IN F=0.03107 IN RATIOD

%k M=20,.5, COLD RUN, LOW RE, STEP T-WALL AT VIRTUAL DORIGIN 0OF 8L,

PLATE X REX ™ REENTH STANTON NGO DST
1 50.30 0.16720€ 06 97.3 0.64588E 03 0.27704E~-02 0.717E-04
2 52.30 0.20542E 06 97.2 0.79130F 03 0.34398E-02 0.761E-04
3 S54.30 0.24364E 06 97.2 0.94662F 03 0.32887F~02 0.751E-04
4 56.30 0.28186E 06 97.1 0.10977E 04 0.33779E-02 0.760€-04
5 58.30 0.32007E 06 97.2 0.12464E 04 J.31683E-02 J.743E~-04
6 60.30 0.35829E 06 97.1 0.13962E 04 0.33691E-02 0.759E-04
7 6230 0.39651E 06 97.2 0.15461E 04 0.317T70E-02 0.744E-04
8 64.30 0.43473E 06 97.1 0.16946E 04 0.32523E-02 0.752E-04
9 66430 0.47294E 06 97.2 0.18405E 04 0.30411E-02 0.736E-04

10 68.30 0.51116E 06 97.1 0.19874E 04 0.32388E-02 0.749E-04
11 70.30 0.54938E 06 97.2 0.21334F 04 0.29889€E-02 0.733E-04
12 72.30 0.58760F 06 97.1 0.22718t 04 0.30523€-02 0.737E-04
13 73.82 0.61664E 06 94.3 0.23753€ 04 0.28137E-02 0.521E-04
14 74.85 0.63632E 06 93 .6 0.24?93E 04 0.2665TE-02 0.556E-04
15 75.88 0.65601E 06 94.3 0.24756E 0% 0.26339E-02 0J.555E-04
16 T6.91 0.6T578E 06 9% .4 0.25270E 04 0.25844E-02 0.542E-04
17 77.95 0.69556E 06 94&.6 0.25768E 04 0.2476TE-02 0.528E-04
18 78.98 0.71524E 06 9% .6 0.26262E 04 0.253476-02 0.538E-04
19 80.ul 0.73493k 06 94.6 0.26755E 04 0.24723E-02 0.516E-04
20 8l.04 O0.75461E 06 94.8 0.27230F 04 0.23464E-02 0.496E-04
21 82.07 0.77429E 06 9% .7 0.27708F 04 0.25023€-02 0.523E-0%&
22 83.10 0.79397F 06 94 .8 0.28186E 04 0.235176-02 G.516E-04
23 84.13 0.8136%E 06 94 .5 0.28642E 04 0.22711E-02 0.507F-04
24 85.16 0.83343E 06 94 .5 0.29092E 04 0.23023€-02 0.518E-04
25 B86.20 0.85321E 06 94.7 0.29538F 04 0.22204F~02 0.507E~04
26 B87.23 0.87289F 06 93.8 0.29979E 04 0.22511F-02 0.514E-04
27 88.26 0.89257E 06 94 .5 0.30421E 04 0.22441E-02 0.512E-04
28 89,29 0.91226E 06 % .4 0.30857E 04 0.21768E-02 0.498E-04
29 90.32 0.93194E 06 94.1 0.31292€ 04 0.223 70E-02 0.502E-04
30 91.35 0.95162E 06 94.2 0.31724E 04 N.21506E-02 0.504F-04
31 92.38 0.97130€ 06 95.1 0.32161E 04 0.22806E-02 0.511E-04
32 93.41 0,99108E 06 95.0 0.32595F 04 0.21254E-02 0.491F-04
33 94.45 0.10109€ 07 95.1 0.33016F 04 0.,21451E-02 0.486E-04
34 95.48 0.10305€ 37 94 .5 0.33447E 04 0.2234T7E-02 N.493F-04
35 96.51 0.10502€ 07 94 .8 0.33881E 04 0.21676E-02 C(.515E-04
36 97.54 0.10699E 07 94.0 0.34305E 04 0.21368F-02 DJ.5625-04

VISC= 0.16217E-03

DREEN
57.
57e
57.
57.
58'
58.
58.
58.
S8e
58.
58‘
58.
58.
58.
58,
58.
58.
58.
58.
58.
58,
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.
58.

M

0.56
0.00
0.5%
0.00
0.54
0.00
0.54%
0.00
0.55
0.00
0.54

F

0.0045
0.0045
0.00 44
0.0044
0.3044
0.0044
0.0043
0,0043
0.0044
0.0044
0.0043

T2

73.9

97.2
73.5
97.2
73.7
97.2
13.9
97.2
T4.0
57.2
73.5

PR20,715

THETA

0.155
0.155
0.142
0.142
0.149
0.149
2.154
0.154
0.159
0.159
0.139

DTH

0.109
0.213
0.009
0.013
0.009
0.013
0.009
0.013
0.009
0.213
0.009



4144

STANTON NUMBER DATA RUN 012974-2 %% DISCRFTE HOLE RIG %%= NAS-3-14336

TINF=

67. 6

UINF= 37,7
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE= 7,750

UNCERTAINTY IN REX=19505.

% M=0.5,

PLATE X

50.30
52.30
54.30
56.30
58.30
60,30
62.30
64.30
66.30
68.30
70.30
72.30
73.82
T4.85
75.88
T6.91
17.95
T8.98
80.01
8l.04
82,07
83.10
84.13
85.16
86.20
87.23
88.26
89.29
90.32
91.35
92.38
93.41
94.45
95.48
96.51
97.54

-~
COVB~NOCVMIWN-

Y
N -

PN s g s s b (b oo
OV~ WnI,rW

NNNNN
[ ¢ TR NN

NN
w~o

WWWWWN
SPWN=~OO

wuw
owm

REX
0.17067€
0.20968E
0.24869¢
0.28770E
0.32671E
0,36572E
0.40472E
0.44373E
0.48274E
0.52175E
0.56076E
0.59977E
0.62942E
0.64951E
0.66960E
0,68979€
0.70997E
0.73006€
0.75015E
0.77024E
0.79033E
0.81042E
0.83051E
0.85070E
0.87089€
0. 8909 8E
0.91107E
0.93116E
0.95125¢€
0.9T134E
0.99143C
0.10116E
0.10318F
0,10519E
0.10720€
0.10921€

HOT RUN, LOW RE,

06
06
06

AR

98 .4
98.4
98.4
98.6
98.4
98.56
98 .4
98.4
98.4
98.4
99.5
98 .4
95.4
94 .5
95.3
95.2
95 .4
95.5
95 .7
95.8
95.5
95.‘
95.5
95.6
94.7
95.6
95.5
95.1
95.1
95.8
95.5
95.6
95.1
95.3
9% .6

Xv0=41.550

RHO=

0.07528

CP= 0.241
P/D=10

UNCERTAINTY IN F=0.03100 IN RATIO

REENTH
0.65926E
0.93820€
0.12212€
0.14907E
0.17562¢€
0.20176F
0.22764E
0.25193¢
0.27595¢€
0.30065€E
0.32522E
0.34947E
0.36758E
0.37202€
0.37241E
0.37665E
0.38092E
0.38512€
0.38933€
0.39350E
0.39764E
0.40183€
0.40589E
0.40985€E
0.41380E
0.41T7T9E
0.42180€
0.42570E
0.42963E
0.43355€
0.43748¢F
0.44140F
0.44524E
0.44914FE
0.45307€
0.45693E

03
03
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
0%
0%
04
04
L
04
04
04
04
04

STANTON NO
0.27520E-02
0.30245E-02
0.29624E~02
0.28930E-02
0.27580E-02
0.271 78€-02
0.26276E-02
0.25663E-02
0.24900E-02
0.24890E-02
0.24286E-02
0.22817€-02
N.22325€-02
0.21816E-02
0.2070LE~02
0.21443E-02
0.20986E-02
0.207 T4E-02
0.21100F-02
0.20337€-02
0.208 70E-02
0.20798E-02
0.19583E-02
0.19803E-02
0.19409E-02
0.20334E-02
0.19456€-02
0.19379€-02
0.19639E-02
0.19339€-02
0.19816E-02
0.19156E-02
0.18984E-02
0.19775E-02
0.19328E-02
0.19032F-02

STEP T-WALL AT VIRTUAL DRIGIN OF BL.

DST
D.641E-04%
0.656E-04
0.652E-04
0.646E-04
0.641E~04
0.636F-04
0.634E~-04
0.631E-04
0.626E-04
0.626E~04
0.622E-04
0.617E~-04
0.409€E-04
0.454E~04
0.4465~04
0.449E~04
0.444F-04
0.443E-04
D.4345-04
0.421E-04
0.435€-04
0.445E-04
0.432E-04
0.441E-04
0.435E~-04
0.447F-04
0.437E-04
0.430€E~-04
0.431E-04
0.4395-04
0.439E-04
0.432E-04
0.424E~04
0.428%-04
0.451E~04
0.482E-04

VISC=

DREEN
59.
59.
59.
59.
5%
59.
59.
59.
60.
60.
60.
60.
60,
60.
60.
60.
60.
60.
60,
60,
60,
60.
60.
60.
60.
60,
60.
60.
60.
60,
60.
60.
60.
60,
60.
60.

0.55
0.00
0.54
0.00
0.54
0.00
0.48
0.00
0.50
0.00
0.48

0.16109&-03

F

0.0044
0.004%
0.0044
0.0044
0.0044
0.0044%
0.0039
0.0039
0.0041
0.0041
0.0039

97.2
98 .4
95.6
°8.4
95,5
98.4
96.6
8.4
9.7
98.5
98.1

PRz0.715

THFETA

0.950
0.950
0.904
00904
0.300
0.900
0.941
0.941
N.943
0.943
0.990

OTH

0.011
0.011
0.011
0.011
n.011
0.011
0.711
0.011
0.011
0.011
0.011



L€14

FOLLOWING 1S THE DATA FOR THETA=0 AND THETA=l, WHICH WAS ORTAINED BY LINEAR SUPERPOSTTION THEORY,
THIS DATA WAS PRODUCED FROM RUN 0129T4-1 AND RUN 012974-2

FOR THE DETAIL CHANGES OF PRNPERTIES AND BOUNDARY CONDITIINS, PLEASE SEE THE ABOVE TW) RUNS

PLATE

VOO NSWN e

REXCOL

167202. 4
205420.1
243637.8
281855.4
320073.1
358290.8
396508.5
434726.2
472943.9
511161.6
549379.3
587596.9
616642.4
636324.5
656000.6
675784.1
695561.8
715243.9
734925.9
754608.0
T74290.4
793972.5
813654.6
833432.0
853209.8
872891.8
892573.9
912256.0
931938.4
951620.4
971302.6
991079.9
1010857.0
1030539.0
1050221.0
1069903.0

RE DEL2

645.9

T66.1

897.4
1027.7
1156.0
1264.8
1414.5
1542.0
1666.9
1791.8
1915.9
2035.9
2125.5
2181.5
2235.7
2289.0
2340.4
2391.3
2442.2
2491.0
2540.1
2589.2
2635.9
2682.2
2727.9
2772.9
2818.1
2862.7
2907.2
2951.3
2995.9
3040.3
3083.3
3127.4
3171.7
3215.0

ST{TH=0)

0.002770
0. 003520
0.003352
0. 003468
0.003245
0.003498
0.003286
0.003387
0.0031 49
0.003390
0.003102
0.003178
0. 002925
0.002759
0. 002741
0. 0026 69
0.002549%9
0.002623
0. 002542
0. 002406
0. 002582
0.002404
0.002331
0.0023 64
0.002274
0.002293
0. 002301
0.002223
0. 002289
0.002192
0.002338
0.0021 66
0.002193
0.002284
0.002213
0.0021 82

REXHOT

170667.0
209676.6
248686.3
287695.8
326705.4
365715.1
404724.7
443734.3
482743.9
521753.5
56CT63.1
599772.7
629420.1
649510.0
669599.9
689787.2
709974.8
730064.7
750154.6
170244.5
790334.8
810424.7
830514.6
850701.8
870889.4
890979.3
911069.3
931159.1
951249. 4
971339.3
991429.3
1011616.0
1031804.0
1051893.0
1071983.0
1092073.0

RE DEL2

659.3

944.8
1234.1
1518.5
1798.3
2074.1
2347.0
2596.3
2B43.6
3097.7
3350.6
3593,7
ITT5.4
3818.9
3821.5
3s63.1
3905.1
3946.4
3987.8
4028.9
4069.7
4111.1
4151.2
4190.3
4229.2
4268.8
4308.4
4347.0
4385.8
45246
4463.5
4502.3
4540.3
4578.8
4617.8
4655.9

ST(TH=1)

0.002752
0.003004
0.002946
0.002832
0.002706
0.002631
0.002555
0.002515
0.002448
0.002435
0,002388
0.002272
0.002184
0.002142
0.002024
0.002108
0.002067
0.002040
0.002080
0.002008
0.002053
0.002057
0.001932
0.001954
0.001918
0.002015
0.001921
0.001918
0.001941
0.001916
0.001957
0.001898
0.001878
0.001956
0.001913
0.001884

ETA

(LUELV
0.147
0.121
0.183
0.166
0.248
0.223
0.258
0.223
0.282
0.230
0.285
0.253
0.224
0.262
0.210
0.189
0.222
0.182
0.166
0.205
0. 144
0.171
0.174
0.157
0.121
0.165
0.137
0.152
0.126
0.163
0. 12‘
0.143
O.144
0.135
0.136

sTCP

JUYHY
1.205
1.187
1.264
1.213
1.338
1.233
143647
1.273
1.392
1.293
1.342
1.247
1.184
1.183
1.159
1.113
1.152
1.123
1.068
1.152
1.078
1.051
1.071
1.035
1.048
1.057
1.025
1.060
1.019
1.092
1.015
1.032
1.079
1.“9
1.039

F-COL

0.0000

0.0045
0.0045
0.0044
0.0044
0.0044
0.0044
0.0043
0.0043
N.0044
0.0044
0.0043

STHR

yuuHyuy
1.032
l .MB
1.027
1.016
1.011
1.001
l .00‘
0.9%9%
1.004
0.999
0.963
0.935
0.923
0.877
0.919
0.907
0.900
0.922
0.895
0.920
0.926
0.875
0.888
0.876
0.925
0.886
0.888
0.903
0.895
0.918
0.89%
0.888
0.928
0.911
0.901

F=HOT

0.0000
0. 0044
0.0044
0.006%
0.0044%
0.004%
0. 0%
0.0039
0.0039
0.0061
0.0041
0.003°

PHI =1

wyuy
1.682
1.718
1.718
1.712
1.720
1.722
1.656
1.556
1.708
1.712
1.655%
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STANTGN NUMBER DATA RUN 010474 &k DI SCRETE HOLE RIG %¥* NAS-3-1433¢

TINF= 65,2 UINF= 37.6 XV0=20.900 RHO= 0.07448 CP= 0.241

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=28.400 P/D=10
UNCERTAINTY IN REX=19307.

=% M=0,0, LOW RE, STEP T~WALL AT VIRTUAL ORIGIN OF EL, ** NO BL TRIP.

PLATE X REX T0 REENTH STANTCN NO DST .
1 50.30 0.56762E 06 94.6 0.42089E 03 0.12509E-02 0.611E-04 ~
2 52.30 0.60624E 06 94.2 0.47050t 03 0.13186E-02 0.621E~04
3 54,30 0.64485E 06 94 .5 0.52003F 03 0.12469E-02 0.615E-04
4 56.30 0.68346E 06 94 .1 0.57085E 03 0.13854E-02 0.626E~04
5 58.30 0.72208E 06 9% .4 0.62311E 03 0.132156-02 0.619F-04
6 60.30 0.76069E 06 94.1 0.67728E 03 0.14838F-02 0.629E-04
T 62.30 0.79931F 06 94.2 0.73315% 03 0.14101%-02 0.624E-04
8 64.30 0.83792E 06 9% .1 0.79155€E 03 0.16147E-02 0.56355-04
9 66.30 0.87653E 06 94.2 0.85291€E 03 0.15638E-02 0.629E-04
10 68.30 0.91515E 06 94.2 0.91749€E 03 0.17809E-02 0.638E-04

11 70.30 0.95376E 06 94.3 0.98517€ 03 0.17248E-02 0.634E~-04
12 72.30 0.99237t 06 94.0 0.10545€E 04 0.18669E-02 0.645E-04
13 73.82 0.10217€ 07 92.6 0.11023E 04 0.11800€-02 0.297€-94
14 74.85 0.10416€ 07 91.8 0.11274E 04 0.13374E-02 0.370E-04
15 75.88 0.10615€ 07 92.1 0.11546E 04 0.13934E-02 0.382E-04
16 76.91 0.10815€ 07 91.9 0.11831E 04 0.14743F-02 0.388E-04
17 77.95 0.11015€ 07 91.9 0.12131E 04 0.15351E-02 0.397E-04
18 78.98 0.11213E 07 9l.7 0.12444E 04 0.16145E~02 0.409F-04
19 80.01 0.11412E 07 91.5 0.12771E 04 0.1669BE-02 0.402E-04
20 81.04 0.11611E 07 91 .6 0.13103E 04 0.166869F-02 0.399E-04%
21 82.07 0.11810E 07 91.3 0.13457€ 04 0.18881E-02 0.433E-04
22 83.10 0.12009€ 07 91.3 0.13827E 04 0.18321E-02 O0.442E-04
23 B4.13 0.12208E 07 90.9 0.14193E 04 0.18382E-02 0.444E-04
24 85.16 0.12428 07 90.9 2.14567F 04 0.19209€E-02 0.462E-04
25 86.20 0.12607 07 90.9 0.14952E 04 0.19488E-02 0.460E-04%
26 87.23 0.12806E 07 90.6 0.15360E 04 0.21432F-02 0.484E-04
27 88.26 0.13005E 07 90.7 0.15778€ 04 0.20625E-02 0.476E-04
28 8%.29 0.13204F 07 90.5 0.16189E 04 0.20624E-02 0.476E-04
29 90.32 0.13403E 07 90.1 0.16609E 04 0.21521E-02 0.483E-04
30 91.35 0.13602E 07 50.5 0.17035€ 04 0.21274E-02 0.492E-04
31 92.38 0.13801€ 07 90.8 0.17471E 04 0.22596E-02 0.500E-04
32 93.41 0.140030f 07 90.6 0.17908E 04 0.21271€E-02 0.488E-04
33 94.45 0.14200E 07 90.5 0.18339E 04 0.220T7E-02 0.491F-04
34 95.48 0.14399F 07 90.0 0.18786E 04 0.22769F-02 0.496E-04
35 9¢.51 0.14598E 07 90.3 0.19236F 04 0.22484E-02 0.521F-04
36 97.54 0.14797F O7 89.6 0.19634E 04 0.22476E-02 0.568E-0%

VISC=

DREEN
58,
58.
58.
58.
58,
58.
58.
58,
58,
58.
58.
58.
58.
58.
58.
58.
58.
58.
58‘
58.
58.
58.
58.
58,
58.
58.
58.
58.
58,
58.
58.
58,
58.
58.
584
59‘

M

0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.16233E-03

£

0.0000
0.0000
0.0000
0.2900
0.0000
0.0000
0.0000
0.2000
0.0000
0.0200
0.0000

T2

94.2
94.5
9.1
% .4
94.1
94.2
94.1
9.2
94.2
24.3
9.0

PR20.714

THETA

1.000
1.900
1.000
1.700
1.000
1.000
1.000
1.700
1.009
1.000
1.000

NTH

0.012
0.012
0.012
N.2172
0.212
0,012
0,012
N.012
0.012
0.012
0.012



1144

STANTON NUMBER DATA

TINF=

65.3

YINF= 37.5
DISTANCE FROM ORIGIN OF BL TO IST PLATF=28.400

RUN

021074

*k%x DYSCRETE HOLE RIG #x% MAS~3-14336

Xv0=20.900

UNCERTAINTY [N REX=19546.

RHO= 0.07561

CP= 0.241
P/D= 5

UNCERTAINTY IN £=0.03101 IN RATIOQ

** M=0,2, COLN RUN, LOW RE,STEP T-WALL AT VIRTUAL ORIGIN OF AL, ** NQO

PLATE

VO nH W

10

12
13
14
15
16
17
18
159
20
21
22
23
24
25
26
27
28

30
31
32
33
34
35
36

X
50.30
52.30
54.30
56.30
58.30
60.30
62.30
64.30
66.30
68. 30
70.30
72.30
73.82
74.85
75.88
T76.91
77.95
78.98
80.01
81.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
89.29
90.32
$1.35
92.38
93.41
94.45
95.48
96.51
97.54

REX
0.57T466E
0.61375E
0.65285E
0.69194E
0.73103E
0.77012F
0.80922E
0.84831E
0.88740E
0.92649E
D.96556E
0.10047E
0.10344E
0.10545E
0.1074 7€
0.10949t
0.11151F
0.11352¢
0.11554E
0.11755E
0.11956E
0.12158E
0.12359E
0.12561E
0.12764E
0.12965E
0.13166E
0.13308E
0.13569E
0.13770E
0.13672€
0.14174E
0.14376€
0.14578F
0.14779E
0.14980¢

T0

96 .8
96.7
96 .8
96.8
96.7
96.8
96.7
96.8
96.8
96.8
96.9
96 .8
92.6
91.6
92 .4
92.5
92.7
92‘7
92.7
92 .9
92.8
92.9
92.6
92.6
92.7
91 '8
92 .4
92 .4
9.9
91 '8
92.9
92.8
92 .8
92.3
Q2.6
91.8

REENTH
0.42611F
0.52835€
0.70488E
0.91131F
0.11233F
0.13276E
0.15271E
0.17224E
0.19137€
0.21035E
0.22911€
0.24746E
0.25912€
0.26419€
0.26905E
0.27378E
0.27837E
0.28209E
0.28739E
0.291 74€
0.29611E
0.3004BF
0.30467F
0.30883E
0.31298E
0.31710E
0.32123€
0.32529€
0.32938€
0.33343E
0.33746F
0.34145E
0.34545E
0.34951€
0.35358F
0.35756F

STANTON NO
0.12240E-02
0.235856E~-02
0.33972E~02
0.37262E-02
0.37093E-02
0.35460E-02
0.34487E-02
0.33124E-02
0.32592E-02
0.32260E-02
0.31831%5-02
0.31113€E-02
0.25752E-02
0.24561E-02
0.23734E-02
0.23154F-02
0.22361E-02
0.22530E-02
0.22067F-02
0.21094E-02
0.22329€-02
0.21007E-02
0.20538F-02
0.20819€E-02
0,20315E-02
0.20530€-02
0,204 72E~0Q2
0.19811£-02
0.20791F-02
0.19410E-02
0.20510€-02
0.19473€-02
0.19839€-02
0.20502€-02
0.19866F~02
0.19607€-02

DST
0.566E-04
0.6106-04
0.667E-04
0.694E-04
0.689E-04
0.677E-04
0.672E~-04
0.663E-04
0.659E-04
0.656E~04
0.652F-04
0.650E-04
0.453E-04
0.494E~04
0.488E-04
0.47SE-04
0.4655-04
0.469E-04
0.450%-04
0.435E-04
0.456E~-04
0.4535-04
0.448E-04
0.458E-04
0.452F-04
0.456E-04
0.455E-04
0.444E-04
0.453E-04
0.450F-04
0.455E-04
0.440E-04
0.438E-0&
0.441E-04
0.462E-04
0.508F-04&

VISC= 0.15990F-02

8L TRIP,

DRFEN
59.
59,
Sgl
59.
59.
59‘
59.
59.
59,
59,
59.
59.
59.
59.
59.
59.
59.
59.
5°-.
5%,
59.
59.
59.
59.
59‘
59.
59«
59.
59.
59,
59.
59,
59.
5°‘. i
59.
5%.

0.21
0.21
0.23
2.21
0.22
0.21
0.21
0.21
0.22
0.22
0.21

F

0,0069
0.3268
0.0076
0.0069
0.0070
0.0068
0.2068
0.0069
0.0071
0.0070
0.0070

T2

T2.8
72.8
72.5
T2.6
72.

72.8
T2.7
T2.6
T2.5
T2.4
T2.2

PR=0,T15

THETA

0.239
0.239
0.229
0.231
0.228
0.238
0.236
0.231
0.228
0.225%
0.219

NTH

0.008
0.008
0.008
0.008
0.708
0.008R
0.008
0.008

‘0.008

0.108
0.008



T

STANTON NUMBER DATA RUN 021174
TINF=

64.3

UINF=

37.8

UNCERTAINTY IN REX=19837.

= Mz20,2,

PLATE X

VONOWMIWN -

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
a0
31
32
33
34
35
36

50.30
52.30
54.30
56.30
58.30
60.30
62.30
64.30
66.30
68.30
70.30
7230
13.82
T4.85
75.88
76.91
77.95
78.98
80.01
8l.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
89.29
90.32
91.35
92.38
93.41
94.45
95.48
96451
97.54

REX
0.58322E
0.62290E
0.66257€
0.70225F
0.74192E
0.78160E
0.82127€E
0. 8609 5E
0.90062E
0.94030F
0.97997€
0.10196F
0.10498E
0.10702€
0.1090 7€
0.11112€
0.11317€
0.11522€
0.11726E
0.11930E
0.12135E
0.12339€
0.12543E
0.12749€
0.12954E
0.13158E
0.13363€
0.1356 7€
0.13771E
0.13975€
0.14180F
0.14385E
0.14590€F
0.14795€
0.14999€
0.15203F

T0

95.4
95.4
95.4
95.4
95.5
95 .4
95.4
95.4
95.4
95.4
92.6
91.6
92.2
92.3
92.4
92.6
92.4
92.6
92.6
92.5
92.3
9245
92.4
91.8
92 .4
92.3
92.0
91.8
92.5

92.2

02.3
91.9
92.1
91.4

*®k DISCRETE HOLZ RIG **x NAS-3-14336

XV0=20.900
DISTANCE FROM ORIGIN OF BL TO IST PLATE=28.400

RHO=

0.07600

CP= 0.241
P/O=s 5

UNCERTAINTY IN F=0.03097 IN RATIO

REENTH
0.43246E
0.6196TE
0.95697¢E
0.13249E
0.,16913E
0.20320E
0.23487E
0.26460E
0.294B4E
0.32671E
0.35878E
0.38946E
0.40655E
0.41033E
0.41405E
0.41775¢E
0.42143C
0.42500E
0.42876E
0.43239E
0.43601€
0.43969E
0.44327E
0.44676EF
0.45029E
0.45388€E
0.45T743E
0.46093E
0.46447E
0.46802¢E
0.47160E
0.47516E
0.47868F
0.48228¢
0.48588E
0.48940€E

03
03
03
04
04
04
04
04
04
o4
o4
04
04
04
04
04

HOT RUN, LOW RE,STEP T-WALL AT VIRTUAL ORIGIN OF BL,

STANTON NO
0.11728E~02
0.15788E-02
0.24354E-02
0.290 75€- 02
0.28334E-02
0.25961€~02
0.24992E~02
0.23165€-02
0.223 60E-02
0.21635€=02
0.20703t-02
0.19376E-02
0.18616E-02
0.18298E-02
0.18058E~02
0.18101E-02
0.17936E-02
0.17834E-02
0.18047E-02
0.17403E-02
0.18063€-02
0.17912E-02
0.17025€8-02
0.17156E-02
0.17348E~02
0.17731E-02
0.17004E-02
0.17145E-02
0.17510€-02
0.17226F-02
0.17710E-02
0.17113E-02
0.17316E-02
0.17838E~-02
N.17407E-02
0.17030€-02

sk NQO

0sT
0.545€-04
0.575E-04

0-6105-04“

0.63TE-04
0.632E~-04
0.620E~04
0.613E-04
0.605€E-04
0.602E-04
0.598E-04
0.595E-04
0.588E-04
0.356E~-04
0.405E-04
0.407E-04
0.404E-04
0.402E'0‘
0.403E-04
0.392E-04
0.382F-04
0.396E-04
0.406E-04
0.397F-04
0.405E-04
0.404E-04
0.410E-04
0.402E-04
0.399E-04
0.401E-04
0.410E-04
0.411E~04
0.405E-04
0.401E-04
0.401E-04
0.424E-04
0.454E-04

VISC=-0.15887E-03

8L TRIP.

DREEN
60.
60,
60.
60.
61.
61.
61.
61,
62.
62,
62.
62,
63.
63,
63.
63.
63.
63.
63,
63,
63.
63,
63,
63.
63,
63.
63,
63.
63,
63,
63.
63.
63.
63,
63,
63.

L

0.23
0.21
0.23
0.19
0.20
0.17
0.17
0.18
0.20
0.18
0.17

F

0.0073
0.22649
0.0075

0.2063

0.0064
0.0054
0.0055
0.0058
0.0065
0.00359
0.0056

T2

92.6
92.7
92.8
93.1
92.8
93.1
93.6
93.7
94.0
9% .6
96.1

PR=0.715

THETA

0.911
0.912
0.917
0.926
0.919
0.925%
0.94 4
0.944
0.9%6
0.977
1.323

DTH

0.011
0.011
0.011
0.011
0.011

0011

0.011
0.011
0.011
0.011
0.011



ST

FOLLOWING 1S THE DATA FOR THFTA=O AND
THIS DATA WAS PROUDUCED FROM RUN 021074
FCR THE DETAIL CHANGES QF PROPLRTIES AND BOUNDARY CONDITIONS,* PLEASE SFF THE ABDVE TWD RUNS

PLATE

o
=OWVO~NO NP, WN—

B 1= et s e 0 e et P
QuVuoo~NOWVHrWN

NN
SUWUN e

NN
o

NN
NI

wwwww
DPWNO

wWw
[- V]

REXCOL

574661.1
613753.6
652846.2
691938.8
731031.%
770123.9
809216.5
848309.1
887401.7
926494.3
965586. 8
1004679.0
1034389.0
1054522.9
1074655.0
1094885,.0
1115115.90
1135248.0
1155381.0
1175513.90
1195646.0
1215779.0
1235912.0
1256142.0
1276372.90
1295505.0
1316638.0
1336770.0
1356903.0
1377036.9
1397168.9
1417399.0
1437629.0
1457762.0
1477894.0
1498027.0

RF DEL2

426.1

501.6

626.1

179.2

937.4
1091.1
12640.4
1385.4
1526.9
1666.7
1804.9
1940.7
2036.1
2091.2
2143.8
2194.6
2243.5
2291.8
2339.6
2385.6
2432.0
2478.1
2522.1
256642
2609.8
2652.9
2696.2
2738.9
2781.7
2824.0
2865.9
2907.9
2949.1
2991.5
3033.9
3075.3

ST(TH=01

0.001224
0.002636
0.003739
0.004092
0.004001
0.003860
0. 003778
0.003645
0.003591
0.003559
0.003516
0.003431
0.002808
0.002660
0.0N02558
0.002480
0.002380
0.002406
0. 002338
0.002230
0.002372
0. 002202
0.002168
0.002201
9.002128
0.0021 44
0.002160
0.002068
0. 002186
0.032012
3.002142
0.002024
0.002066
N.002137
0. 002067
0. 002045

REXHOT

583221.2
622896.1
662570.9
T02245.9
741920.8
781595.6
821270.6
860945.4
500620.4
940295.3
979970.1
1016645.0
1049798.0
1070230.0
1090663.0
1111194.0
1131726.0
1152159.0
1172591.0
1193024.0
1213457.0
1233889.0
1254322.0
1274853.0
1295385.0
1315818.0
1336250.0
1356683.0
1377115.0
1157548.0
1417981.0
1438512.90
1459044.0
1479476.0
1499909.0
1520342.0

RE DEL2

432.5
630.6
988.4

137642

1760.4

2116.6

2447.4

2755.2

3067.0

3394.9

3722.0

4028.9

4197.3

4233.9

4270.1

4306.2

4342.3

4378.1

44140

4449.6

44852

4521.4

455¢.6

4590.9

4625,7

4661.1

4691

4730.%

4765.4

4800.5

4835.8

4871.0

4%05.8

4941.3

4976.9

5011.7

ST(TH=1)

0.021173
0.001475
0.002309
0.002800
0.002740
0.002484
0.0N2396
0.002237
0.002156
0.002100
0.002036
0.001971
0.001802
0.001778
0.001 759
0.001768
0.0017157
0.001745
0.0017T1
0.001710
0.001771
0.001766
0.001673
0.001685
0.001710
0.001750
0.03167?
0.001692
0.001724
0.901704
0.001 748
0.001692
0.001711
0.001762
0.001720
0.001682

ETA

oy
0.440
0.382
0.31%
0.315
n.356
0.366
0.386
0.400
0.410
n.421
0.425
0.358
0.332
0.312
0.287
0.262
0.275
0.242
0.233
0.253
0.198
0.228
0.234
0.196
0.184
3.226
0.182
~“0.211
0.153
0.184
0.164
0.172
0.176
0.168
0.178

gTCR

vuutu
1.123
1.612
1.786
1.765
1.721
1.701
1.657
1.647
1.646
1.640
1.613
1.328
1.263
l1.21¢
1.186
1.143
1.159
1.130
1.082
1.155
1.075
1.063
1.082
1.050
1.061
1.972
1.029
1.091
1.008
1.076
1.019
1.044
1.082
1.050
1.041

F-COL

0.0000
0.0069
0.0068
0.0076
0.0069
0.0070
0.0N58
0.0068
0.0769
0.0071
0.0070
0.0070

THETA=1, WHICH WAS OBTAINED BY LINFAR SHPERPOSITION THEDRY,
AND RUN 021174

STHP

Juousy
0.630
0.999
1.225
1.212
1.111
1.082
1.0290
0.992
0.974
0,052
0.930
0.R55
0.847
0.R41
0.848
0.846
0.843
0.859
0.832
0.R65
0.8K5
0.822
0.R31
0.8B46
0.RER
0.832
0.845
0.863
N.B5%
0.3°0
J3.355
N.867
0.89%
0.876
0.859

FeHn"

0.0000
0.0073
0.00609
0.0075
0.0063
0.006%
0.0054
0.005%
1.0Q058
0.0065
7. 00%9
0.0056

PHI=-1

Juwy
1.754
2.1¢0
2.524
2.335
2.251
2.060
2.024
2+043
2.135
2.1925
1.961



922

STANTON NUMBER DATA

TINF=

67.1

UINF=

RUN 020774

37.1

UNCERTAINTY IN REX=19304.

** LCW RE,

PLATE

VONO NS WN

10
11
12
13
14
15
16
17
i8
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
a5
36

X
50.30
52.30
54.30
5630
58.30
60.30
62.30
64.30
664,30
68. 30
70.30
72.30
T73.82
74.85
75.88
T6.91
77.95
78.98
80.01
81.04
82.07
83.10
84.13
85.16
86.20
87.23
88.26
85.29
90.32
91.35
92.38
93.41
94.45
95.48
96.51
97.54

REX
0.16B91E
0.20751¢E
0.24612E
0.28473E
043233 4E
0.36194E
0.40055E
0.4391 6€E
0.47776E
0.51637E
0.55498E
0.59359E
0.62293E
0.64281E
0.66269E
0.68267E
0.70265E
0.72253E
0.74242E
0.76230E
0.7821 8E
0.80207¢E
0.82195¢€
0.84193¢E
0.86191E
0.88179E
0.90167€
0.92155E
0.94144E
0.96132E
0.98120€F
0.10012E
0.10212E
0.10410E
0.10609E
0.10808F

06
06
06
06
06
06
06
06
06
06

TO
98 .9
100.2
101.2
100.8
100.5
100.6
97.6
97.3
96.7
94 .8
94.7
95.0
94.9
94 .7
95.6
95.6
95.8
96.0
95.7
95.9
96.0
95.8
95 .8
95.9
95.9
95.1
95.9
95.8
95.5
95.3
96.1
95.7
95.9
95.4
95.6
95.0

*%k%x DISCRETE HOLE RIG #**x NAS-3-14336

Xv0=41.550
DISTANCE FROM ORIGIN OF BL TO 1ST PLATE= 7.750

RHO= 0, 07569

CP= 0.241
P/D= 5

UNCERTAINTY IN F=0.03105 IN RATIO

REENTH
0.65246E
0.11889E
0.21573E
0.29827E
0.33745E
0.34806E
0.35748E
0.36871E
0.38900E
0.42129€
0.45865E
0.48055E
0.48613E
0.49005€
0.49371E
0.49734E
0.50096€
0.50451E
0.50807E
0.51163E
0.51515E
0.51872E
0.52219E
0.52559€
0.52900E
0.53246E
0.53592E
0.53929€
0.54270E
0.54610E
0.54950¢€
0.55295E
0.55635F
0.55980E
0.56329E
0.56669E

ARBITRARY BCUNDARY CONDITION RUN.

03
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04

STANTON NO
0.29058E-02
0.32083€-02
0327 09E-~-02
0.28863E-02
0.28244E-02
0.26T718E~02
0.22088E-02
0.20707€-02
0.19255€-02
0.18319€~02
0.17798E-02
0.18260F-02
0.20658E-02
0.18691€-02
0.18126E-02
0.18316E-02
0.18053E-02
0.17613E-02
0.181 84E-02
0.17513€-02
0.17884E-02
0.179T7E-02
0.16B79F-02
0.17249E-02
0.17025€-02
0.17807€-02
0.16949E-02
0.16920E-02
0.17318€E-02
0.16802E-02
0.17399E-02
0.17210E-02
0.16977E-02
0.17732F-02
0.17239€-02
0.16952F-02

DST
01639E'06
0.635E~-04
0.6235-04
0.607€-04
0.608E-04
0.598E-04
0.626E-04
0.624E-04
0.631E-04
0.667E-04
0.666E-04
0.661F-04
0.400E~04
0.415€6-04
0.412F-04
0.408E-04
0.405E-04
0.403F-04
0.396E-04
0.385E-04
0.397E-04
0.409E-04
0.398E-04
0.408E-04
0.403E-04
0.413E-04
0.404E-04
0.398F-04
0.400E-04
0.407€-04
0.409€-04
0.406E-04&
0.398E-04
0.401F-04
0.423E-04
0.453E-04

VISC= 0.16029E-03

DREEN

58.
60.
63.
65.
66.
66.
66,
66,
66.
66,
67.
67.
67.
67.
67,
67.
67.
67.
67.
67.
61.
67
67.
’.'7.
67.
67.
67.
67.
67.
67.
67.
67.
67.
67.
67.
67.

M
0.59
0.62
0.46
0.00
0.00
0.00
0.05
0.16
0.23
0.21
0.00

F

T2

0.0192 104.4
0.0200 104.7
0.0144 101.2
0.3300 100.5
0.0000 100.6

0.0000
0.0015
0.0051
0.0074
0.0270
0.0000

97.6
©8.8
96.2
96.8
97.8
95.0

THETA

1.1256
1.102
1.014
1.9300
1.200
1 00')0
1.059
0.984
1.074
lelll
1.000

 pR=0,.T714 -

DTH

0.011 .
0.011
0.011
0.011
o.nll
N.012
0.012
0.012
0.013
0.014
0.013



APPENDIX B

PROFILE DATA

This section includes the velocity and temperature profiles taken
at X = 63.3 in. (161 cm) and X = 69.3 in. (176 ecm). At X = 69.3 in.
(176 cm), temperature and velocity profiles are taken, and at X = 63.3
in. (161 cm), only velocity profiles were taken. The lateral average
velocity profiles are used as an input data to program SHEAR which cal-
culates the shear stress distribution and mixing iéngthfdistributioﬁ.

Special Nomenclgture

DDEL1 uncertainty in 61 .
DDEL2 uncertainty in 62 Y
‘DEL1 61 , displacement thickness

DEL2 62 , momentum deficit thickness

DEND2 uncertainty in A2

DREEN uncertainty in Relé

DU uncertainty in U

END2 A2 s, enthalpy thickness

RED2 Res,

REEN ReA2

TBAR (T = T)/ (T -Ty)

UBAR u/y,

227



8%

UINF= 53.8 FT/SEC

Xz 69.3 INCHES

TINF= 69.0 DEG F PINF= 2120, PSF
VELQCITY PROFILF
Y{INCHES) ULFT/SEC) UBAR
0.010 16.00 0.2972
0.011 16.52 0.3069
0.012 17.12 0.3180
0.013 17.79 G.3303
0.014 18.39 0.3415
0.015 18.74 0.3481
0.017 19.71 03660
0.019 20.43 0.3793
0.022 20.95 0.3892
0.025 21 .49 0.3992
0.029 22.22 0.4126
0.033 22.7% 0.4233
0.039 29 .40 0.4346
0.046 24.06 0.4465
0.054 24,52 0.4553
0.062 25.05 0.4653
0.072 25 .42 0.4720
0.087 25.87 0.4806
0.102 26,35 0.4894
0.122 26.56 0.4933
0.147 26 .88 0.4993
0.177 27.17 0.5046
0.217 27 .40 0.5089
0,267 27.96 0.5192
0.322 28.71 0.5332
0.397 29.91 0.5555
0.472 31.68 0.5883
0.547 34.11 0.6334
0.622 36.53 0.6784
0.697 38,77 '0.7200
0.772 “41.403 0.7621
0.847 43.00 0.7987
0.922 44 .86 0.8331
0.997 46 ;68 ‘08670
1.072 48.30 0.8970
1.147 49.71 0.9233
1.223 50.97 0.9466
1.297 52.03 0.9663
1.372 52.78 0.9803
L.472 53.43 0.9924
1.572 53.69 0.9971
1.672 53 .84 1.0000
DEL1l= 0.3951N. DEL2= 0,239IN. H= 1,651

RED2=6618.4

DDFL 2=0, 001

PORT= 1

pu

0. 28
0.27
0.26
0. 25
0.24
0. 24
0.23
0. 22
0.21
0.21
0.20
0.20
0.19
o. 19
0.18
0.18
0.18
0.17
0.17
0.17
0.17
0.16
0.16
0.16
0. 16
0.15
0. 14
0.13
0.12
0.12
0. 11
V.10
0.10
0.10
0.09
0.09
0.09
0.09
0. 08
0.08
0.08
0.08

ONEL1=0.003

TEMPZRATURE PRNFILE

Y (INCHES ) T(DEG F)
0.0215 93,97
0.0225 93 .65
0.0235 93.24
0.0245 92.81
0.0255 92.49
0.0275 91.87
0.0295 91 A4
0.0325 90.74
0.0365 90.12
0.0415 89.57
0.0485 89.02
0.0575 88.55
0. 0685 88.08
0.0805 87.79
0.0955 87.38
0.1155 87.12
0.1405 86.77
0.1705 86 .41
0.2105 86.03
0.2605 85.42
0.3105 84.98
0.3705 84.28
0.4305 83.49
0.4905 82.72
0.5505 81.85
0.6105 80.9%
0.6705 80.08
0.7305 79.23
0.7905 78.35
0.8505 77.56
0.910% 16.91
0.9805 T6.14
1.0505 7544
1.1205 74 .82
1.1905 74426
1.2805 73.70
1.3805 73.17
1.4805 72.87
1.5805 72.72
1.6805 72.67
1.7805 72.65
1.8805 12.65

END2= 0.212IN, REEN= 5564,

DEND2=0.001 DREEN= 36,

TBAR

0.7229
0.7120
0.6%982
0.6834
0.6725
0.6518
0.6370
0.6133
0.5925
0:5737
0.5549
0.5391
0.5232
0.5133
0.4995
0.4905
0.4786
0.4667
0.4539
0.4330
0.4181
0.3943
0.367S
0.3417
0.3119
0.2820
0.2522
0.2233
0.1934
0.1665
0.1445
0.1186
0.0946
0.0737
0.0547
0.0357
0.0177
0.0077
0.0027
0.0007
0.0002
0.0000

T0=102.15 F



62T

UINF= 53.8 FT/SEC
TINF= 70.7 DEG F

Y{INCHES)

0.01¢C
0.011
0.012
0.013
0.014
0.015
0.017
0.019
0.022
0.025
0.029
0.033
0.039
0.046
0.054
0.062
0.072
0.087
0.102
0.122
0e147
0.177
0.217
0.267
0.322
o. 397
al‘72
0.547
0.622
0.697
0.772
0.847
0.922
0.997
1.072
1.147
le222
1.297
1.372
1.472
1.572
1.672

DEL;‘ 0-371{".

RED2=6492,5

ULFT/SEC)

15.85
17.06
17.69
18.53
18.85
19.46
20.08
20.67
21.60
22,37
23.08
23 .66
24 445
24 .98
25.50
25.01
26 .44
26.92
27.31
27 .84
28,28
28,76
29.07
29.70
30.34
31.55
33.06
35.14
37.09
39.17
41.36
43.02
44.90
46 .70
48.15
43.81
50.99
51.99
52.81
53.40
53.71
53.79

DEL2= 0..236IN.
NOFL 2=10. 001

X= 693 INCHES
PINF= 2120. PSF

VELOCITY PROFILE

UBAR

0.3135
0.3172
0.3289
0.3444
0.3504
G.3618
0.3733
0.3862
0.4016
0.4159
0.4290
0.4398
0.4546
0.4645
0.47%1
0.4836
0.4915
0.5006
0.5078
0.5176
0.5259
0.5348
0.5404
0.5521
0.5641
0.5865
0.6147
0.6533
0.6896
0.7282
0.7689
0.7998
0.8348
0.8681
0.8952
0.9260
0.9480
0.9665
0.9819
0.9928
0.9985
1.0000

‘He 1596

PORT= 2

Y

0.27
0.26
0.25
0. 24
0.24
0.23
0. 22
0.22
0.21
0.20
0.19
0.19
0.18
0.18
0.18
0.17
0. 17
0.17
0.16
0. 16
0.16
0.16
0.15
0.15
0.15
0. 14
0.14
0.13
0.12
0.11
0.11
0.10
0.10
0.10
0.09
0.09
0.09
0.09
0.08
0.08
0,08
0.08

TDEL 120,003

TEMPERATURE PROFILE

Y(INCHES) T(DEG F)
0.0215 92.37
0.0225 91.99
0.0235 91.49
0.0245 91.09
0.0255 90.77
0.0275 90.21
0.0295 89.69
0.0325 89.22
0.0365 88.64
0.0415 88.05
0.0485 87.47
0.0575 87.06
0.0685 86.52
0.0805 86.27
0.0955 85.86
0.1155 85.54
0.1405 85.24
0.1705 B4 .81

. 0.2105 84.37
0.2605 83.84
0.3105 83.28
0.3705 82.67
0.4305 82.02
0.4905 81.29

. 05505 80.47
0.6105 79.61
0.6705 78.85
0.7305 78.06
0.7905 77.32
0.8505 76.64
0.9105 76.06
0.9805 75.29
1.0505. T4.49
1.1205 73.85
1.1905 13.31
1.2805 12.70
1.3805 12.22
1.4805 T1.96
1.5805 71.84
1.6805 T1.81
1.7805 T1.78

END2=  0.210IN. REEN= 5659,
DEND2=0.001 DREEN= 36,

TBAR

0.7042
0.6913
0.6743
0.6604
0.6494
0.6304
0.6125
0.5965
0.5765
0.5565
0.5365
0.5225
0.5075
0.4955
0.4815
0.4705
0.4605
04455
0.4305
0.4124
0.3934
0.3723
0.3503
0.3252
0.2971
0.2679
0.2418
042157
0.1895
0.1664
0.1462
0.1200
0.0928
0.0706
0.0525
0.0313
0.0151
0.0061
0.0020
0.0010
0.0000

T0=101.02 F



UINF= %3.8 FT/SEC

TINF= 72,0 DEG F PINFs

Y {INCHES )

0.010

0.011
0.012
0.013
0.014
0.015
0.017
0.019
0.022
0.025
0.029
0.033
0.039
0.046
0.054
0.062
0.072
0.087
0.102
0.122
0.147
0.177
0.217
0.267
0.322
0.397
0.472
0.547
0.622
0.697
0.772
0.847
0.922
0.997
1.072
1.147
1.222
1.297
1.372
1.472
1.572
1.€72

DELL= 0.325IN.

RED2=5983.1

VFLOCEITY PROFILE

U(FT/SEC)

18.27
18.77
19.14
19.85
20.43
20.94
21.87
22.57
23.35
24.19
24.95
25.52
26.17
26 .82
27 49
27.83
28 .45
29 .02
29..46
30.16
30.86
31.52
32.19
33.20
34.20
35.56
356.86
38.37
39.87
41 .49
43 .00
44 .66
46.10
47.63
49.00
50.24
51.37
52.27
52 .89
53.42
53 .61
53.77

DEL2= 0.219IN.
DOFL229.001

X= 69.3 INCHES

2120. PSF

UBAR

0.3397
0.3491
0.3560
0.3692
0.3800
0.3895
0.4067
0.4197
0.4343
0.4498
0.4640
0.4747
0.4867
0.4989
0.5112
0.5176
0.5290
0.5397
0.5479
0.5609
0.5739
0.5862
0.5986
0.6174
0.6360
0.6614
0.6854
0.7136
0.T7416
Q.7715
0.7997
0.8306
0.8574
0.8858
0.9112
0.9343
0.9553
0.9721
0.9836
0.9936
0.9971
1.0000

H= 1.487

PORT= 3

cu

0.25
0.24
0.23
0.23
0. 22
0.21
0.21
0.20
0.19
0.19
0.18
0.18
0.17
0.17
0.16
0.16
0.16
0.15
0.15
0. 15
0.15
0. 14 -
0. 14
0. 1‘
0.13
0.13
0.12
0.12
0.11
.11
0.10
0.10
0.10
0.09
0.09
0.09
0.09
0. 09
0.09
J.08
0.08
0.08

DDEL 1=0.003

Y{INCHES)

TEMPERATURE PROF]LE

0.0215
0.0225
1'e3195
0.0245
0.0255
0.0275
0.0295
0.0325
0.0365
0. 0415
0.0485
0.0575
0.0685
0.0805
0.0955
0.1155
0.1405
0.1705
0.2105
0.2605
0.3105
0.3705
0.4305
0.4905
0.5505
0.6105
0.6705
0.7305
0.7905
0.8505
0.9105
0.9805
1.0505
1.1205
1.1905
1.3805
1.4805
1.5805
1.6805
1.7805

END2= 0.194IN.

DEND2=0.011

REEN=

T(DEG F)

92.02
9l.41
90.88
90 .47
90.27
89.60
89.13
88.64
87.96
87.47
86.85
86.33
85.89
85.54
85.13
84.69
84.34
83 .84
83.31
82.64
82.11
81.49
80.76
80.11
79..44
78.79
78.09
17.47
76 .88
7623
75.64
75.05
T4 .46
73.90
73 .43
72.93
T2 .45
72.22
72.11
72.08
72.06

5216.

DREEN= 307.

TOAR

0.6812
0.6603
0.6424
0.6285
0.6215 .
0.5986
0.5826
0.5657
0.5428
0.5258
0.5048
0.4869
0.4719
0.4599
0.4459
0.4309
0.4189
0.4019
0.3839
0.3605
0.3429
0.3219
0.2968
0.2748
0.2517
0.2297
0.2056 -
0,1845
0.1644
0.1423
0.1222
0.1021 .
0.0820
0.0626
0.04567
0.0296
0.0145 -
0.0054
0.0014
0.0005
0.0000

TCO=101.36 F



1€e

VINF= 53,7 FT/SEC X= 69.3 INCHES PRT= 4
YINF= 72,1 DEG F PINF= 2120. PSF

VELOCITY PROFILE
TEMPERATURE PROFILE

Y(INCHES ) ULFT/SFC) UBAR U
Y{INCHES) T(DEG F) TBAR

0.010 17.78 0.3309 0.25

0.011 18.40 0.3425 0.24 0.0215 92.86 - 0.6780
0.012 19.03 0.3543 0. 26 0.0225 92 .46 0.6645
0.013 19.67 0.3661 0.23 0.0235 91,99 0.6490
0.01% 20.24 0.3768 0.22 0.0245 91.61 0.6364
0.015 20.82 0.3875 0.22 0.0255 91.26 0.6248
0.017 21.75 0.4048 0.21 0.0275 90 .65 0.6045
0.019 22.40 0.4169 0.20 0.0295 90.21 0.5899
0.022 23.38 0.4352 0.19 0.0325 89.63 0.5705
0.025 2% .12 0.4489 0.19 0.0365 89 .02 0.5502
0.029 24,94 0.4541 0.18 0.0415 . 88.55 0.5346
0.033 ' 25.58 0.4760 0.18 0.0485 87.85 0.5114
0.039 . 25.38 0.4910 0.17 0.0575 87.35 0.4949
0,046 T 264,96 0.5017 0.17 0.0685 . 86488 0.4753
0.054 27 .42 0.5103 0.16 0.0805 86.50 0.4667
0.062 27.99 0.5210 0.16 0.0955 86.18 044560
0.072 28.60 0.5322 0. 16 0.1155 - 85,65 0.4385
0.087 29,25 0.5445 0.15 0.1405 85.16 044220
0.102 29.82 0.5550 0.15 0.1705 B4 .66 0.4054
0.122 30.48 0.5672 0.15 0.2105 84 .04 0.3850
0.147 ' 31.37 0.5839 0. 14 0.2605 83 .40 0.3636
0.177 T 32.09 0.5972 0.14 0.3105 82.70 0.3402
9.217 32.99 0.6140 0.14 0.3705 82.02 0.3178
0.257 33,93 0.6314 0.13 0.4305 8l .26 0.2925
0.322 35.03 0.6520 0.13 0.4905 80455 0.2691
0.397 36.35 0.6765 0.12 . 0.5505 79.91 0.2476
0.472 ©37.76 0.7027 0.12 0.6105 N 79.17 0.2232
De547 30,27 0.7310 0.11 0.6705 78.50 0.2008
0.622 40.73 0.7581 0.11 - 0.7305 77.88 . 0.1803
0.697 42.31 0.7875 0.11 0.7905 77.26 0.1597
0.712 43,73 0.8139 0.10 0.8505 76.70 0.1412
0.847 45,23 0.8419 0.10 €.9105 76.11 0.1216
0.922 46,58 0.8670 0.10 0.9805 .- 75453 ~ 0.1021
0.997 48.02 0.8938 0.09 . 1.0505 74 .91 0.0815
1.072 49,29 0.9173 0.09 1.120% ) T4.38 0.0639
1.147 50.43 0.9385 0.09 1.1905 73.88 . 0.04T2
1.222 51.39 0.9564 0.09 1.2805 T 73440 a.0316
1.297 " 52.28 0.9730 0.09 1. 3805 <. T2496 0.0169
1.372 52 .84 0.9835 0.09 1.4805 ) 72.70 0.0080
1.472 53.32 0.9924 0.08 1.5805 72 .56 0.0035
1.572 : 53,56 0.9969 0. 08 . 1.6805 L. T2.49 . 0.0012
1.672 53 .65 0.5986 0.08 1.7805 T 72047 " 0.0005
1.772. 83,73 1.0000 0.08 o .. 1.8805 . . 72.45 0.0000

DEL1=" " 043J2IN, - DEL2= D.213IN, ~° H= 1.467 DDEL 120.203
RED255805.2° ° MDEL2=0. 001" ' L Y J END2= 0.204IN. REEN= 5442, TO=102.56 F

JEND2=0.001 DRZEN= 36,



TeT

UINF= 53.7 FT/SEC

TINF= T2.2 DEG F PINF=

Y{INCHES)

0.010
0.011
0.012
0.013
0.014
0.015
0.017
J3.019
0.022
0.025
0.029
0.033
0.039
0046
0.054
0.062
0.072
0.087
0.102
0.122
0.147
0.177
0.217
0.267
0.322
0.397
0472
0.547
0.622
0.697
0.772
0.847
0.922
0.997
1.072
1s1467
1l.222
1.297
1.372
1.472
1.572
1.672

DELLI= 0.369IN.

RED2=6305.0

VELCCITY FROFILE

UCFT/SEC)

17.17
17.42
17 .94
18.59
19.01
19.71
20.49
21.08
21.96
22 .69
23.25
23.82
24 .40
2491
25.15
25.48
25.58
25.87
25..06
26.01
25.95
26.33
27.26
28.67
30,68
33,09
35,01
36.67
38.55
40,25
42.14
43,82
45.40
47.03
$3.56
©9.73
50.88
51.73
52,52
53,264
53,54
53,71

DEL2= 0.231IN.
DDEL 220,091

X= 69.3 INCHES

2120. PSF

UBAR

0.3198
0.3244
0.3340
0.3460
0.3540
0.35670
0.3815
0.3926
0.4089
0.4225
0.4329
0.4434
0.4542
0.4638
0.4683
0.4744
0.4764
0.4816
0.4852
0.4844
0.4831
0.4903
0.5076
0.5338
0.5T12
0.6160
0.6518
0.6827
0.7178
0.7495
0.7847
0.8158
0.8453
0.8757
0.9042
0.9258
0.9474
0.9632
0.9779
0.9913
0.9969
1.0000

H= 1,598

PORT= 5

DU

0.26
0. 26
0.25
0. 24
0.24
0.23
0. 22
0.21
0.20
0. 20
0.19
0.19

0,18

0.18
0.18
0.18
0.18
0.17
0.17
0.17
0.17
0.17
0.17
0.16
0.15
0.14
0.13
0.12
0.12
0.11
0.11
0.10
0.10
0. 10
0.09
0.09
0.09
0.09
0.09
0.08
0.08
0. 08

DDEL 1=0.003

TEMPERATURE PROFILE

Y{INCHES)

END2= 0.222IN.

DEND2=0.001

0.0215
0.0225
0.0235
0.0245
0.0255
0.0275
0.0295
0.0325
0.0365
0.0415
0.0485
0.0575
0.0685
0.0805
0.0955
0.1155
0.1405
0.1705
0.2105
0.2605
0.3105
0.3705
0.4305
0. 4905
0.5505
0.6105
0.6705
0.7305
0.7905
0.8505
0.9105
0.9805
1,0505
1.1205
1,1905
1.2805
1.3805
1.4805
1,5805
1.680¢
1.7805
1.8805

D2 EEN=

T{DEG F)

9% .76
94 .38
93,91
93,68
93 .36
92.89
92.54
92.17
91.79
91.47
91.20
90.94
90.68
90.39
90,27
90 .04
89469
89,31
88.72
87.93
86,77
85,39
84,16
83,05
82.23
8l.41
80.64
79.88
T9.47
T8.47
T7.82
77.09
T76.38
75.85:
75.32
T4.76
T4 .29
73.93
73.76
T3.67
T73.65

73.65 .

REEN= 5912,

33.

TBAR

0.7141
0.7Clé
0.6856
0.6777
0.6669
0.6511
0.6393
0.6265
0.6137
0.6028
0.5940
0.5851
0.5762
0.5663
0.5624
0.5545
0.5427
0.5298
0.5101
0.4834
0.4438
0.3973
0.3557
0.3181
0.2903
0.2625
0.2367
0.2109
0.1370
0.1632
0.1413
0.1164
0.0925
0.0746
0.0566
0.0377
0.0217
0.0098
0.0038
0.0007
0.0001
0.0000

TO=103.21 F



UINF= 53,7 FT/SFC Xz 69,3 TNCHES PORT= 6

TINF= 72,2 DEG F PINF= 2120. PSF o
T —
VELOCITY PROFILE TEMPERATURE PROFILE
YCINCHES) U{FT/SEC) UBAR ou Y{INCHES) T(DEG F) THAR
0,010 9.07 0.1687 0. 50 0.0215 96 .44 0.7688
0.011 9.42 0.1752 0.48 0.0225 96412 0.7580
0.012 10.03 0.1866 0. 45 0.023% 95,92 0.7511
0.013 10.39 0.1934 0. %3 0.0245 95.66 0.7423
0.014% 10.50 0.1953 0.43 0.0255 5,51 0.7373
0.015 11,00 0.2046 0. 41 0.0275 195,22 0.7275
0.017 11.43 0.2127 0.39 0.0295 95 .05 0.7216
0.019 12.13 0.2256 0.37 0.0325 9% .84 0.7147
0.022 12.61 042346 0. 36 0.0365 C&.64 C.7078
Ua025 13.20 0.2455 0. 34 0.0415 9% .49 0.7029
‘ 0.029 13.87 0.2581 0. 32 0.0485 94,35 0.6980
| 0.033 14.21 0.2644 0.32 0.0575 94.35 06980
‘ 0.039 14.67 0.2730 0.31 0.0685 94429 0.6960
| 0,046 14.94 0.2779 0. 30 0.0805 94.29 0.6960
0.054 15.27 0.2841 0.29 0.0955 94 .20 0.5930
] 0.062 15.10 0.2809 0. 30 0.1155 94,15 0.6911
; 0.072 15.03 0.2797 0.30 0.1405 93.97 0.6852
0.087 14.32 0.2665 0.31 0.1705 93 .48 0.6684
[ 0.102 13.93 0.2592 0.32 0.2105 92.89 0.6%87
hed 0.122 13.12 0.2440 0.34 042605 91.76 0.6103
0.147 12.44 0.2315 0.36 0.3105 90.50 0.5679
0.177 12.63 0.2350 0.36 0.3705 88.37 0.4958
0.217 14.02 0.2608 0.32 0.4305 86.21 0.4226
0.267 17.65 0.3284 0,25 0.4905 B4 .48 0.3641
0.322 22 46 0.4179 0.20 0.5505 83.19 0.3205
0.388 28.51 0.5304 0.16 0.6105 82.23 0.2878
0.472 32.18 0.5986 0.14 0.6705 8l1.38 0.2590
0.547 34.33 0.56388 0.13 0.7305 80.50 0.2292
0.622 36.33 0.6759 0.12 0.7905 T9.76 0.2044
0.697 38.18 0.7103 0.12 0.8505 78.97 0.1775
0.772 40,06 0.7453 0.11 0.9105 78429 0.1546
0.847 42,18 0.7847 0.1l1 0.9805 TT7.53 0.1288
0.922 44 .12 0.8209 0.10 1.0505 T76.73 0.1019
0.997 45,93 0.8546 0.10 1.1205 76 .23 0.0849
1.072 4T .45 0.8828 0. 09 1.1905 75455 0.0620
1.147 48,90 0.9099 0.09 1.2805 75.00 0.0431
1.222 50.10 0.9321 0.09 1.3805 T4 4L 0.0231
1.297 51.28 0.9540 0. 09 1.4805 14,05 0.0112
16372 52423 0.9717 0.09 1.5805 73.85 0.0042
1.472 53.02 0.9864& 0. 08 1.6805 73.76 0.0012
1.572 53.49 0.9952 0.08 1.7805 T3.74 0.0005
1.672 53.63 0.9978 0.08 1.8805 73.72 0.0000
1.772 53.70 0.9991 0. 08
1.872 53.75 1.0000 0.08 ]
DELl= 0.477IN.  DEL2= 0.231IN. H= 2.060 PDFI120.004  END2* 0.197IN. REEN= 524T. T0=103.27 F

RED2=6319.2 ONEL 220. 001 DEND2=0.001 DREEN=" 28.



1414

UINF= 53,9 FT/SEC
TINF= 71 .4 DG F

Y(INCHES ) UIFT/SEC)
0.010 15.20
0.011 15.44
0.012 15.98
0.013 16.55
0.014 17.12
0.015 17.64
0.017 18.57
0.019 19..02
0.022 19.76
0.025 20.48
0.029 2117
0.033 21.54
0.039 21.98
0.046 22.54
0.054 22.94
0.062 23.12
0.072 22.98
0.087 23.04
0.102 22.96
0.122 22.77
0.147 22.81
0.177 22.92
0.217 23.85
0.267 25.70
0.322 28.07
0.397 31.08
0.472 33.39
0.547 34.97
0.622 36.80
0.697 38.52
0.772 40.65
0.847 42.40
0.922 44,33
0.997 45.94
1.072 47 .45
1.147 48.91
1.222 50.13
1.297 51445
1.372 52.24
1.472 53,07
1.572 53.56
1.672 53.77
1.772 53 .90

DELL= 0.417IN. DEL2= 0.246IN.

RED2=677642 DDEL 20. 001

X= 69,3 INCHES
PINF= 2130. PSF

VELOCITY PROFILE

UBAR

0.2820
0.2864
0.2964
0.3071
0.3176
0.3273
03446
0.3529
0.3667
0.3800
0.3929
0.3996
0.4078
0.4182
0.4255
0.4289
0.4263
0.4275
0.4261
0.4224
0.4233
0.4252
0.4425
0.4768
0.5207
0.5766
0.6195
0.6488
0.6828
0.7146
0.7542
0.7866
0.8224
0.8524
0.8802
0.9074
C.9301
0.9545
0.9692
0.9845
0.9937
0.9976
1.0000

H= 1.698

PORT= 7

DU

o. 29
0.29
0.28
0.27
0. 26
0.25
0.24
0.23
0.23
0. 22
0.21
0.21
0. 20
0.20
0.19
o. 19
0.19
0.19
0.19
0.20
0. 20
0.19
0.19
0.17
0.16
0.14
0.13
0.13
G. 12
0.12
0.11
0.11
0.10
0.10
0.09
0.09
0.09
0.09
0.09
0. 08
0.08
0.08
0.08

DDEL 1=0.003

TEMPERATURE PROFILE

Y{INCHES) T(DEG F)
0.0215 95.77
0.0225 95.54
0.0235 95.16
0.0245 94 .81
0.0255 94 .53
0.0275 94.23
0.0295 93.91
0.0325 93.85
0.0365 93 .48
0.0415 93.16
0.0485 92.86
0.0575 92.72
0.0685 92.57
0.0805 92 .40
0.0955 92.17
0.1155 91.96
0.1405 91.99
0.1705 91.38
0.2105 90.71
0.2605 89.74
0.3105 88.55
0.3705 86.85
0.4305 85.30
0.4905 84.04
0.5505 82.99
0.6105 82.17
0.6705 81.32
0.7305 80.52"
0.7905 79.85 -
0.8505 79.11
0.910%5 78.38
0.9805 T7.59
1.0505 76.94
1.1205 76 .29
1.1905 75.73
1.2805 75.11
1.3805 T4 .55
1.4805 Th.14
1.5805 73.89
1.6805 73.80
1.7805 73.76
1.8805 T3.76

END2= 0.229IN. REEN= 6093,
DEND2=0.001 DREEN= 37,

TBAR

0.7467
0.7388
2.7260
0.7142
0.7063
0.6544
0.6836
0.6816
0.6688
0.6579
0.6480
0.6431
0.6382
0.6322
0.6243
0.6174
0.6184
0.5976
0.5749
0.5422
0.5016
0ch441
0.3915
0.3488
0.3130
0.2852
0.2563
0.2295
0.2065
0.1816
0.1567
0.1298
0.1078
0.0859
0.0669
0.0459
0.0269
0.0129
0.0044
0.0012
0.0001
0.0000

T0=103.24 ¥



SET

UINF= 53,7 FT/SEC
TINF= T70.2 DEG F

YUINCHES)

0.010
0.011
0.012
0.013
0.014
0.015
0.017
0.019
0.022
0.025
0.029
0.033
0.039
0.046
0.054
0.062
0.072
0.087
0.102
0.122
0.147
0.177
0.217
0.267
0.322
0.397
0.472
04547
04622
0.697
0.772
0.847
0.922
0.997
1.072
1.147
1.222
1.297
1.372
1.472
1.572
1.672
1.772
1.872

DELL= 0.351IN.

RED2=6347.4

DEL2=

ULFT/SEC)

16.87
17.90
18.23
18.83
19.65
19.96
20.96
21452
22.51
23.05
24 .02
2& .42
25.21
25 .67
26,29
26.74
27.10
27.83
28 .40
29.07
29.715
30.60
31.32
32.43
33 .41
34.70
~35.87
37.28
38.86
40.44
42.16
43,50
&4 .98
46,51
47.98
49.10
50.43
51.36
52.23
53.03
53 .53
53,61
53.71
53.72

0e2331N.

NNEL 2=). 001

X= 69.3 INCHES
PINF= 2106. PSF

VELOCITY PRCFILE

UBAR

0.3140
0.3332
0.339%
0.3506
0.3658
0.3715
0.3901
0.4008
0.4191
0.4291
0.4471
0.4547
0.4693
0.4778
0.4895
0.4979
0.5045
0.5190
0.5288
0.5411
0.5538
0.5696
0.5831
0.6038
0.6220
0.6460
0.6678
0.6940
0.7235
0.7528
0.7849
0.8098
0.8373
0.8658
0.8933
0.9140
0.9388
0.9562
0.9723
0.9872
0.9966
0.9980
N.9999
1.0000

H= 1.510

PIRT= 8

DU

0.27
0.25
0. 25
0.24
0.23
0.23
0.22
0.21
0.20
0.20
0.19
g.18
0.18
0.18
0.17
0.17
0.17
0. 16
0.16
0.16
0.15
0.15
0. 14
o. l‘
0. 14
0.13
0.13
0.12
0.12
0.11
0.11
0.10
0.10
0.10
0. 09
0.09
0.09
0. 09
0.09
0.09
0.08
0.08
0.08
0.08

NREL 1=0.002

TEMPERATURE PROFILE

YUINCHES) T(DEG F)
0.0215 97 .40
0.0225 96 .94
0.0235 96.67
0.0245 96 .24
040255 95.98
0.0275 95.42
0.0295 95.10
0.0325 94.52
0.0365 94 .00
0.0415 93.53
0.0485 93.16
0.0575 92,51
0.0685 92.02
0.0805 91.64
0.0955 91.20
0.1155 90.82
0.1405 90.18
0.1705 89.60
0.2105 88499
0.260% 88.26
0.3105 87.64
0.3705 86.74

- 0.4305 85.95
0.4905 85.24
0.5505 84.57
0.6105 83 .84
0.6705 83.19
0.7305 82 .49
0.7905 82.02
0.8505 81.20
0.9105 80.67

- 0.9805 79.97
1.0505 79.38
1.1205 78.79
1.1905 78.29
1.2605 77.70
1.3805 77.23
1.4805 76 .85
1.5805 76 .64
1.6805 76.56
‘17805 76453
1.8805 T6.50

END2= 0.2211N. REEN= 5883,
DEND2=0.001 OREEN= 37.

T

——

TBAR

0.7100
0.6942
0.6853
0.56705
0.6616
0.6429
0.6320
0.6122
0.5945
0.5786
0.5658
0:5440
0.5272
0.5143
0.4995
0.4866
0.4648
0.4450
0.4242
03994
0.3785
0.3478
0.3209
0.2971
0.2742
0.2493
0.2274
0.2036
0.1876
0.1597
0.1418
0.1178
0.0979
0.0779
0.0609
0.0410
0.0250
0.0120
0.0050
0.0022
0.0010
0.0000

T0=105.94 F



9€z

UINF= 53 .8 FT/SEC
TINF= 71.0 DEG F

X= 69.3 INCHES
PINF= 2130, P°F

VELOCITY PRCFILE

Y{INCHET) U(FT/SEC)
0,010 17.76
0.011 18.40
0,012 18.98
0.013 19,61
0.014 20,02
0.015 20.62
0,017 21 .49
JeV19 22 .32
0.022 23,18
0.025 24,09
0.029 24 .68
0.033 25.29
0.039 25.91
0.046 26.52
0.054 26.98
0.062 27.58
0.072 27.97
0.087 2B8.83
0.102 2%.27
0.122 30.01
04147 30.72
0.177 31.39
0.217 32.25
0.267 33.41
0.322 34.41
0.397 35.70
0.472 36.93
0.547 38.43
0.622 39.83
0.697 41 .26
0.772 42.65
0.847 46,17
0.922 45.57
0.997 46,90
1.072 48.12
lel47 49 .46
1,222 50.42
1.297 5157
1.372 52.26
1.472 53.03
1.572 53 .49
1,672 53.77
le772 54 .84

DELls 0Q.337IN. NDEL2= 0.,2281IN.
RED2=6288.3 DDEL 2204001

UBAR

0.3299
0.3418
0.3525
0.3644
0.3718
0.3831
0.3993
0.4145
0.4305
0.4475
0.4585
0.4699
0.4812
0.4927
0.5011
0.5122
0.5196
0.51355
0.5438
0.5575
0.5706
0.5831
0.5931
0.6207
0.6391
0.6631
0.68560
0.7138
0.7398
0.766%
0.7923
0.8205
0.8464
0.8711
0.8939
0.9187
0.9366
0.9579
0.9707
09850
0.9¢35
0.9938
1.0000

Hz l.478

PORY= -]

nu

0. 25
0. 24
Os 24
0.23
0.22
0.22
0.21
0. 20
0.19
0.19
0.18
0.18
0.17
0.17
0.17
0. 16
0.16
0.15
.15
0.15
0. 15
Oe 14
0.14
0.13
0.13
0.13
0.12
0.12
0.11
0. 11
0.10
0.10
o. lo
0.10
0.09
0.09
0. 09
o. 09
0.09
0.08
0.08
0.08
0.08

DDEL t=0.003

Y

END2=  0.21
DEND2=0.001

TEMPERATURE PROFILE
UINCHES ) T(DEG F)
0.0215 97.02
0.0225 96 .53
0.0235 96.09
0.0245 95.72
0.0255 95.31
0.0275 94.81
0.0295 94.23
0.0325 93.65
0.0365 93.04
0.0415 92 .46
0.0485 91.87
0.0575 91.32
0.0685 90.85
0.0805 90.42
0.0955 90.07
0.1155 89.72
0.1405 89.10
0.1705 88.69
0. 2105 88.02
0.2605 87.38
0.3105 86.82
0.3705 86.09
0.4305 85.48
0.4905 84.78
0.5505 84.13
0.6105 83.46
0.6705 82'.84
0.7305 82.17
0.7905 81.55
0.8505 80.95
0.9105 80.35
0.9805 19.73
1.0505 19.11
1.1205 78.59
1.1905 78.14
1.2805 77.53
1.3805 77.03
1.4805 76.67
1.5805 7647
1.6805 76.36
1.7605 75.31
1.8805 76.31
6IN. REEN=  ST50.
DREEN=  37.

TBAR

2.7007
0.6840
0.6693
0.6565
0.6427
0.6260
0.6063
0.5866
0.5660
0.5463
0.5265
0.5078
0.4920
0.4772
0.4654
0.4536
0.4328
0.4190
0.3963
0.3745
0.3557
0.3310
0.3102
0.2865
0.2647
0.2419
0.2211
0.1983
0.1774
0.1576
0.1367
0.1159
0.0950
0.0771
0.0622
0.0413
0.0244
0.0124
0.0055
0.0020
0.0002
0.0000

T0=105.37 F



LeT

UINF= 53,9 FT/SEC
TINF= 72.0 JEG -F

Y{INCHES)

0.010
0.011
J.012
0.012
0.014
0.015
0.017
0.019
0.022
0.025
0.029
0.033
0.039
0.046
0.054
0.062
0.072
0.087
0.102
0.122
0.147
0.177
0.217
0.267
0.322
0.397
D.472
0.547
0.622
0.697
0.772
0.847
0.922
0.997
1.072
l.147
1.222
1.297
1.372
1.472
1.572
l.672
1.772

DELls 0.3821IN.

RED2=6T7T1.3

DEL2=

ULFT/SEC)

17.40
17.87
19.42
19.04
19.5¢9
28.01
20.82
21 .49
22.26
23.00
23.83
24.38
24 .96
25.48
26.19
26 .60
26.87
27 .50
27.91
28.49
29 .04
29.45
29 .91
30.38
31.43
32.42
34.02
35.77
37.43
39.29
40.94
42.51
44 .26
45.7
47.20
48.68
49 .99
51.10
51.95
52.94
53453
53.78
53.88

0. 2461 N.

NNEL 220,001

X= 69.3 INCHES
PINF= 2130. PSF

VELOCITY PROFILF

"1RAR

0.3230
0.3317
0.3418
0.3534
0.3634%
0.3714
0.3865
0.3988
0.4132
0.4269
0.4423
0.4524
0.4633
0.4729
0.4861
0.4937
0.4987
0.5104
0.5180
0.5287
0.53%90
0.5465
0.5551
0.5638
0.5832
0.6017
0.6314
0.6639
0.6%47
0.7292
0.7599
0.7889
0.8213
0.8482
0.8759
0.95034
0.9278
0.9483
0.9640
0.9825
0.9924
0.9981
1.0000

Hz 1.5%4

PORT= 10

by

0.26
0.25
0. 24
0.23
0.23
0.22
0.21
0.21
0. 20
0.19
0.19
0.18
0.18
0.18
0.17
0.17
0.17
0.16
0.16
0.16
0.15
0.15
0.15
0.15
0. 14
0.14
0.13
0.13
0.12
0. 11
0.11
0.11
0.10
0.10
0.09
0.09
0. 09
0. 09
0.09
0.08
0. 08
0.08
0.98

DDEL 1=2.00%

TEMPZRATURE PROFILE

Y(INCHES) T{DEG F)
0.0215 9 .79
0.0225 95.30
0.0235 95.92
0.0245 95.57
0.0255 95,19
0.0275 94 .67
0.0295 94,17
0.0325 93.62
0.0365 93.10
0.0415 92.60
0.04385 91.99
0.0575 91.47
0.0685 91.03
0.0805 98.77
0.0955 90 .45
0.1155 90.07
0.1405 89.60
0.1705 99.25
0.2105 88.96
0.2605 88.29
0.3105 87.76
0.3705 87.15
0.4305 86.36
0.4905 85.71
0.5505 84 .86
0.6105 84.10
0.6705 83.34
0.7305 82 .64
0.7905 81.87
0.8505 81.23
0.9105 80.58
0.9805 79.88
1.0505 79.23
1.1205 78.59
1.1905 78.12
1.2805 11.47
1.3805 75.91
1.4805 76.53
1.5805 76429
1.6805 76.18
1.7805 76.14
1.8605 76.12

END2= 0.221IN. - REEN= 588%9.
DEND2=0.001 UREEN= 36,

TBAR

0.6996
0.56828
0.6701
0.6583
046455
0.6277
0.6110
0.5923
0.5745
0.5578
0.5371
0.5193
0.5045
0.4956
0.4848
0.4719
0.4561
0.4443
0od34é
0.4117
0.3939
0.3731
0.3464
0.3246
0.2958
0.2701
0.2443
0.2205
0.1947
0.1728
0.1510
0.1271
0.1052
0.0833
0.06T4
0.0455
0.0266
0.0137
0.0057
0.0020
0.0005
0.0000

TO0=105.67 F
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UINF=

Y{INCHES )

0.010
0.011

0.012

0.013
0.014
0.015
0.017
0.019
0.022
0.025
0.029
0.033
0.039
0.046
0.054
0.062
0.072
0.087
0.102
Q.122
0.147
0.177
0.217
0.267
0.322
0.397
0.472
0.547
0.622
0.697
Q.772
0.847
0.922
0.997
1.072
1. 147
1.222
1.297
1.372
1.472
l.572
l.672
1.772
1.872

DEL1= 0.434IN.

RED2=7159.6

53.8 FT/SEC
TINF= 72,0 DEG F

DEL 2=

ULFT/SECY

15.60
15.97
16.56
17.27
17 .46
17.90
18.91
19.55
20.23
20.95
21.64
22.24
22.78
28.42
23.81
24 .20
24 .64
25.27
25 .69
25.94
26.24
26.58
26.60
27.10
27.72
28.98
30.67
32.61
34.74
37.03
39,25
41.15
42.88
44 .65
46 .38
47.96
49.27
50,53
51.59
52.66
53.30
53.67
53.79
53.83

0.2601 N,

DDEL 2=0, 001

X= 69,8 INCHES
PINF= 2130, PSF

VELOCITY PROFILE

tIBAR

0.2898
0.2968
0.3077
0.3239
0.3244
0.3325
0.3513
0.3632
0.315%
0.3893
0.4020
0.4131
0.4231
0.4351
0.4423
0.4495
0.4577
0.4695
0.4772
0.4820
0.4894
0.4938
0.4942
0.5035
0.5149
0.5383
0.5697
0.6059
0.6453
0.5880
0.7291
0.7645
0.7967
0.8294
0.8617
0.8909
0.9153
0.9388
0.9585
0.9782
0.9902
0.9971
0.9993
1.0000

H= 1,667

PORT= 11

ou

0.29
0.28
0.27
0. 26
0.26
0. 25
0. 24
0.23
.22
0.21
0.21
0. 20
0. 20
0.19
0.19
0.18
0.18
0.18
0.17
0.17
0.17
0.17
0.17
0.17
0.16
0.15
0.15
0.14
0.13
0.12
0.11
0. 11
0.10
0.10
0.10
0.09
0.09
0.09
0.09
0.08
0.08
0. OB
0.08
0.08

DDEL 10,003

Y
END2= 0,22
DEND2=0.001

TEMPERATURE PROFILE

LINCHES) T(OEG F)
0.0215 97 «43
0.0225 97.14
0.0235 96 .65
0.0245 96.38
0.0255 96.06
0.0275 95.57
0.0295 95.10
0.0325 9% .49
0.0365 9% .00
0.0415 93.36
0.0485 92.84
0.0575 92 .40
0.068¢% 91.93
0.0805 91.61
0.0955 91.32
0.1155 91.00
0.1405 90 .65
0.1705 90.33
0.2105 89 .98
0.25605 89 .45
0.3105 88.90
0.3705 98 .29
0.4305 87.61
0.4905 86.85
0.5505 85.95
0.6105 85.04
0.6705 84.22
0.7305 88 .43
0.7905 82.61
0.8505 81.82
0.9105 81.11
0.9805 80.41
1.0505 79.64
1.1205 78.97
1.1905 78.38
1.2805 17.76
1.3805 TT7.17
1.4805 1676
1.5805 76.50
1.6805 76.35
1.7805 76 .30
1.8305 1629
41N, REEN= 5925..
DREEN= 35,

TRAR

~ 047255

0.7155%
0.6986
0.6896
0.6786
0.6617
0.6457
0.6247
0.56078
0.5858
0.5678
0.5528
0.5368
0.5258
0.5158
0.5048
0.4928
0.4818
0.4698
0.4517
0.4327
0.4116
0.3886
0.3625
0.3314
0.3002
Q.2721
0.2450
0.2168
0.1896
N.1654
0.1413
0.1151
0.0919
. 0,077
0.0505
0.0303
0.0162
0.0071
0.0020
2.0002
0.0000

TO=105.43 F



6ET

UInNF= 33,9 FT/SEC
TINF= TO.6 DFG F

Y{INCHES) U(FT/SEC)
0.010 10.08
0.011 10.33
0.012 10.84
0.013 11.25
0.014 11.72
0.015 12.03
0.017 12.57
0.019 13.06
0.022 13.74
0.025 14.07
0.029 14.57
0.033 15.13
0.039 15.56
0.046 15.94
04054 16.11
0.062 1617
0.072 16.14
0.087 15.61
0.102 15.01
0.122 14.27
Val4? 14.18
0.177 14.06
0.217 16 .02
0.267 19.97
0,322 25.19
0.397 31.68
0,472 35,27
0547 37.71
0.622 40.09
0,697 42 .44
0,712 44.179
0.847 46,95
0.922 48.94
0.997 50 42
1.072 5l.062
1.147 52 .59
1.222 53.24
1,297 53.60
1.372 53 .80
1.472 53.81
1.572 53,87
1.672 53.3%

DELY1= 0.3Y%%4IN.

nnFL 2=0, 001

‘DEL2= 0. 189IN.
RED2=5217.&

X= 53,5 INCHES
PINF= 2127. PSF

UBAR

0.1871
0.1918
0.2012
0.2088
0.2175
0.2234
0.2335
0.2425
2.2551
9.2613
0.2706
0.2809
0.2888
0.2960
0.2990
0.3003
9.2996
0.2898
0.2787
0.2549
0.2633
0.2611
0.2975
0.3709
0.4677
0.5883
0.6549
0.7002
0.7444
0.7880
0.8316
0.8716
0.9087
0.9361
0.9585
0.9765
0.9885
0.9952
0.9990
0.9991
1.0002
1.0000

H= 2.084

PORT=

nu

0. 44
0,63
0.41
0. 40
0.38
0. 37
0.%6
0.34
0.33
0.32
0. 31
0.30
0. 29
0. 28
0.28
0.28
0.28
0.29
0.30
0.31
0.31
0. 32
0.28
0.22
0.18
0.14
0.13
0.12
0,11
0.11
0.10
0.10
0. 09
0.09
0.09
0.08
0.08
0.08
0.08
0.08
0.03
0.08

ONEL 1=0.004 DELL=

UINF= 53,9 FY/SEC
TINF= 7140 DEG F

Y{INCHES)

REL225420.8

0.010
0.011
0.012
0.013
0.014
0.015
0.017
0.019
0.022
0.025
0.029
0.033
0.0339
0.046
0. 054
0.062
0.072
0.087
0.102
0.122
0.147
0.177
0.217
0.267
0.322
0.397
0.472
0.547
0.622
0.697
0.772
0.847
0.922
0.997
1.072
1.147
1.222
1.297
1.372
1.472
1.572
1.672

0.319IN,

ULFT/SEC)

17.15
17.57
18.45
18.96
19.76
20.01
20.74
21.38
22.15
22.61
23.23
23 .81
24 .47
24 .70
25.09
25.40
2546
25.72
25.76
25.72
25.79
26 .45
27 46
29.41
31.95
34.58
36.77
38.83
41.03
43,10
45.35
47 .34
49.08
50.59
51.80
52.71
53.18
53.58
53.79
53.83
53.90
53.91

DEL2= 0.1961N,
NNEL 2=0. 001

X= 63.3 INCHES
PINF= 2127. PSF

UBAR

0.3181
0.3259
0.3423
0.3518
0.3666 .
0.3712.
0.3848
0.3966
0.4109
0,419
0.4310
0.4417 -
0.4539
0.4581
0.4655
0.4713
0.4723 .
0.4771
0.4779
0.4771
0.4784
0.4906
0.5095
0.5455 -
0.5927
0.6414
0.6821
0.7202
0.7611
0.7995
0.8412
0.8782
0.9104
0.9384
0.9609
0.9778 -
0.9868
0.9940
0.9978
0.9985
0.9999
1.0000

He 1.624

pgeT= 2

ou

0.26
9.25
Q. 24
0.24
0.23
0. 22
0.22
0. 21
0.20
0.20
0. 19
0.19
0.18 .
0.18
0.8
0.18
0.18
0.17
0.17
0.17
0.17
0.17
0.16
0.15
0. 14
0.13
0. 12
0.12
0.11
0.10
0.10

0. 09

0.09
0. 09
0.09
0.08
0.08
0.08
0.08
0.08
0.08
0.08

ODEL 1¥0.003
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UINF= 53.4 FT/SEC
TINF= Tl.6 JEG F

Y{INCHES)

0.010
0.011
0,012
0.013
0.014
0.015
0.017
0.019
0.022
0.025
0.029
0,033
0.039
0.040
0.054
0,062
0.072
0.087
0.102
0.122
0.147
0.177
0.217
0.267
0.322
0.397
0.472
0.547
O.022
0.697
0.772
0.847
0.922
0,997
1.072
1.147
1.222
1.297
1.372
1.472
1.572
1.672

DEL1* 0.2561N.

RED2=48U3,5

UIFT/SEC)

18.10
18.77
19.37
20,20
20,57
21.¢0
22.05
22 .85
23.68
24 .46
25.30
25.93
26 .60
27.20
27.82
28.50
28.91
29 .68
30.31
31.17
32.10
33.00
34,22
35.40
36.70
38.41
40.18
4l .94
43 .63
45 .46
47.09
48,52
49.89
51.10
52.09
52.8%
53 .34
53.58
53.74
53.78
£3.75
53.79

MEL2= 0. 17SIN.
DDEL 220,001

X= 63.3 INCHFS
PINF= 2127. ®IF

Upav

0.3365
Ne3490
0.3600
0.3756
0.3842
0.3953
0.4099
0.4243
0.4403
0.4548
0.4703
0.4820
0.4946
0.5058
0.5173
0.5299
0.5374
0.5517
0.5636
0.5794
0.59568
0.6134
0.6361
0.6581
0.6824
0.7141
0.7470
0.7798
0.8112
0.8451
0.87%5
0.9020
0.9275
€.9500
0.9685
0.9824
0.9916
0.9562
349591
0.9999
0.99913
1.0000

H= 1.463

pnoTe

w

ou

0.25
0. 24
0.23
0.22
0.22
0.21
0.20
0.20
0.19
0.18
0.13
0.17
0.17
0.16
0.16
0.16
0.15
0. 15
0.15
0.14
0.14
0.14
0.13
0.13
0.12
0.12
0.11
0.11
0.19
0.10
0.10
0.09
0.09
0. 09
0.09
0.08
0.08
0.08
0.08
0.08
0,08
Q. 08

DnLL 1=0,002

UIME=

Y [INCHES )

0.010
0.011
0.012
0.013
0.014
0.015
0.017
0.019
0.022
0.025
0.029
0.033
0.039
0.046
0.054
0.062
0.072
0.087
0.102
0.122
0.147
0.177
0.217
0.267
0.322
0.397
0.472
0.547
0.622
0.697
0.772
0.847
0.922
0.997
1.072
l.147
1.222
1.297
1.372
1.472
1.572
1.672

DEL1= 0Q.244IN.

RED2=4675.1

53.8 FT/S&SC
TINF= 71.3 OE6 F

DEL2=

UtFT7szC)

19.29
19 .44
20,30
21.07
21 .64
224,22
2B .05
23.717
24.78
25.52
26.25
26.91
27.58
28 .34
28 .87
29.29
29.95
30.67
31.17
31.92
32.72
33.74
35.02
36 .44
37.71
39.57
41.14
42.94
44 .49
45.99
47 44
48.79
50.00
51.12
52.04
52.68
53.32
53.59
53.75
53.84
53.85
53 .84

Qe 170IN.

DNEL 2=0, 001

X= €3,5 INCHES
PINF= 2122. PSF

AR

0.3582
0.35611
0.3771
0.3913
0.4018
0.4127
0.4282
0.4414
0.4603
0.4740
0.4876
0.4997
0.5123
0.5263
0.5362
0.5440
0.5563
045695
0.5790
0.5928
0.6077
0.6267
0.6504
0.6768
0.7C03
0.7349
0.7641
0.7974
0.8262
0.8542
0.8810
0.9063
0.9286
0.9495
0.9665 -
0.9784
0.9902
0.9952
0.9963
1.0000
1.0002
1.0000

H= 1.432

DORT= o

bR

0.23
0.23
0. 22
0.21
0.21 -
0. 20
0. 19
0.19
0.18
0.18
0.17
0.17
0.16
2. 16
0.16
0.15
0.15
0.15
0. 14
0.14
0. 14
0.13
0.13
0.12
0.12
0. 11
0. 11
0.10
0.10
0.10
0.09
0.09
0.09
0.09
0.09
0.09
0.08 -
0.08
0.08
0.09
0. 08
0.08

DCEL 1=0.203




e

JIME= 53.9 FY/SEC =

TINF= Tl.9 UEG F

Y{INCHES) WET/SEC)
0.010 19.00
0.011 19,51
0.012 20.18
0.013 20.93
0.014 21.66
0.015 22.13
0.017 22.88
0.016 23 +66
0.022 24 .51
0.025 25.01
0.029 25.87
0.033 26 444
0,039 27.10
0.046 27 .79
0.054 28 .24
0.062 28.75
0.072 29.15
0.087 29.69
0.102 30.12
0.122 30.74
0.147 31.36
0.177 31 .80
0.217 32.66
0267 33,45
0.322 34.64
0.3297 35.16
0.472 38.07
0e 547 49.03
0.622 42.24
0.697 44 .15
0.772 45.79
0.847 47«45
0.922 49.01
0.997 50.27
L.072 51 .42
1.147 52.36
1.222 53.01
1.297 53.51
1372 53,71
1.472 53.85
1.572 53.89

DELl= 0.285IN. DEL2= 0.131IN.
RED225260.1 DDEL 230 . 001

53.3 INCHFS

PINF= 2122, P<f

tIBAR

0.3525
0.3621
0.3744
0.3884
0.4018
0.4106
0.4245
0.4390
0.4549
0.4641
0.4801
0.4997
0.5030
0.5157
0.5240
0.5335
0.5410
2.5508

.5588
0.5703
0.5818
0.5901
0.6060
0.6206
0.6428
0.6710
0.7064
0.7429
0.7€38
0.8193
0.8497
. 2806
0.9095
0.9328
0.95¢2
0.9715
C.983p6
0.9629
0.9967
0.9993
1.0000

= 1.489

PORT= 5

ny

0. 24
0.23
0.22
.21
0.21
G.20
0. 20
0.19
0.18
0.18
0.17
0.17
0.17
0.18
0.16
0. 16
0.15
0.15
0.15
0.15
0. 14
0.14
0.14
0.13
0.13
0.12
2,12
Q.11
0.11
0.10
0.10
0. 09
0.09
0. 09
0.0°
0.09
0.08
0.08
0.08
0.08
0.08

DNEL 1=0.003

UINF=

YUINCHES)

0.010
0.011
0.012
0.013
0.014
0.015
0.017
0.019
0.022
0.025
0.029
0.033
0.039
0.046
0.054
0.062
0.072
0.067
0.102
0.122
0.147
0.177
0.217
0.267
0.322
0.397
0.472
0547
0.622
0.697
0.772
0.847
0.922
0.997
1.072
1.147
1.222
1.297
1.372
1.472
1.572
1.672

DEL1= 0.336IN.

RED2=5779.5

53.9 FT/SFC
TINF= 71.0 DEG F

UIFT/SEC)

17.17
17.69
18 .40
19.01
19.47
20.01
20.82
21.66
22.22
22.84
28.58
24.19
24 .87
25 .49
26.02
26 .48
26.75
27.33
27 .68
28.05
28 .39
28465
29.08
29 .79
30.62
32,22
34.51
37.07
39,63
42.20
44,21
46 .01
47 .82
49.34
50.74
51.92
52.76
53.22
53.60
53.80
53.90
53,90

DEL2=_ 0.210i N«

DDFL 2=0.001

X= 63.3 INCHES
PINF= 2122, PSF

UBA®

© 0.,3186

0,3281
0.3414
0.3528

© 043612
"0.3713.

0.3863
0.4019
0.4123
0.4238
0.4376
0.4489
0.4614
0.4729
0.4828
0.4912
0.4964
0.5070
0.5135
0.5204
0.5267
0.5316
05396
0.5528
0.5681
0.5978
0.6402
0.6877
0.7354
0.7831
0.8203
0.8538
0.8872
0.915%
0.9415
0.9634
0.9789
0.9874
0.9944
0.9982
1.0001
1.0000

H= 1.600

PIRTx (2

Dy

0.26
0. 25
0. 24
0.24
0.23
0. 22
0. 22
0.21
0. 20
0.20
0.19
0.19
0.18
0.18
0.17
0.17
0.17
0.16
0.16
0. 16
0. 16
0.16
0.15
0. 15
0.15
0. 14
0.13
0.12
0.11
G.11
0.10
0.10
0.09
0. 09
0.09
0.09
0. 09
0.08
0. 08
0.08
0.08
0.08

DDEL1=D,.002



14 21

UINF= 52,8 FT/SEC
TINF= T0.T DEG F

Y {INCHES)

0.010
0.011
0.012
0.013
0.014
0.015
0.017
0.019
0.022
0.025
0,029
0.033
0.039
0.046
0.054
0.062
0.072
0.087
0.102
0.122
0.147
0.177
0.217
0.267
0.322
0.397
0.472
0.547
0.622
0.697
0.772
0.847
0.922
0.997
1.072
1.147
1.222
1.257
1.372
L.472
1.572
1.672

DEL1= 0.310IN.

RED225593.0

U(FT/SEC)

18.47
18.93
19.60
20.09
20.81
21.25
22.08
22.79
23.52
24,21
24 .91
25.49
26 .25
20.75
27.27
27.71
28.10
28.75
29.21
29.68
30.22
30.80
31.51
32.23
33.05
34 .44
36.35
38 .45
40455
42,60
44.52
46 .21
47.87
49 .37
50.77
51.86
52.73
53.24
53,61
53 .76
53.77
53.79

DEL2= 0.293[N.
DDEL 220, 001

X= 63.3 INCHFS
PINF= 2)22, PSF

e AR

0.3435
0.3519
0.3645
0.3736
0.3869
0.3950
0.4105
0.4237
0.4373
0.4501
0.4631
0.4739
0.4879
0.4974
0.5070
0.5152
0.5225
0.5344
0.5431
0.5519
0.5619
0.5726
0.5859
05992
0.6145
0.6403
0.6757
0.7149
0.7539
0.7920
0.8278
0.8592
0.8900
0.9178
0.9438
0.9641
0.9803
0.9898
0.9966
0.9995
0.9998
1.0000

H= 1.526

PORT= 7

o

0. 24
0. 24
0.23
0. 22
0. 22
0.21
0. 20
0.20
0.19
0.19
0.18
0.18
0.17
0.17
0. 16
0.16
0. 15
0. 16
0.15
0.15
0.15
0.15
0. 14
0.14
0. 14
0.13
0.12
0.12
0.11
0.11
U. 10
0.10
0.09
0.09
0.09
0.09
0.09
0.08
0.08
0.08
0.08
0.08

DNFL1=0.003

UIuf= 53,3 FT/SC
TINF= T1.9 DEG F

Y(INCHES) U(FT/SEC)
0.010 18.72
0.011 19.46
0.012 20.17
0.013 21.00
0.014 21.51
0.015 22.05
0.017 22.76
0.019 23.40
0.022 24 .25
0.025 24.96
0,029 25.80
0.033 26.37
0.039 27.02
0.046 27.59
0.054% 26.14
0.062 28.65
0.072 29.16
0.087 29.88
0.102 30.50
0.122 .13
0.147 32.10
2.177 32.87
0.217 33 .99
0.267 35.36
0.322 36 .60
0.397 38.25
0.472 39.91
0.547 41.49
0.622 42.95
0.697 44 .52
0.772 45 .95
0.847 47.27
0.922 48.70
0.997 49 .97
l.072 51.06
l.167 51.94
1.222 52.82
1.297 53.23
1.372 53 .61
l.472 53.75
1.572 53.80
1.672 53 .85

DELL=s 0.271IN.

RED2s5133.7

_DEL2= 0.1871IN.
DDFL 2=0.001

X= 63.3 INCHES
PINF= 2122. PSF

UBAR

0.3478
0.3614
0.3745
0.3899
0.3995
0.4094
0.4226
0.4345
0.4503
0.4636
0.4791
0.4896
0.5018
0.5124
0.5225
0.5320
0.5415
0.5548
0.5664
0.5780
0.5961
0.6104
0.6312
0.56567
0.6797
0.7104
0.7412
0.7706
0.7977
0.8267
0.8533
0.8778
0.9044
0.9281
0.9483
0.9646
0.9808
0.9885
0.9957
0.9981
0.9992
1.0000

H= 1. 44T

PORT= 8

~ DU

0. 24
0.23
0. 22
0.21
0.21
0. 20
0. 20
0.19
0. 19
0.18
0.17
0.17
0.17
0.16
0. 16
Q.16
0.15
0.15
0.1%
0. 14
0. 14
0. 14
0.13
0.13
0.12
0.12
0.11
0.11
0.10
0.10
0. 10
0.10
0. 09
0.09
0.09
0.09
0.09
0.08
0.08
0.08
0.08
0.08

DNEL 120.003



13 £4

UINF=

Y{INCHES)

0.010
0.011
0.012
0.013
0.014
0.015
0.017
0.019
0.022
0.025
0.029
0.033
0.039
0.04b
0.054
0,062
0.072
0.087
0.102
Vv.122
0.147
0.177
0.217
0.267
0.322
0,397
0.472
0.547
0.622
0.697
0.772
0.847
0.922
0.297
1.072
le147
1.222
1.297
1.372

. 1.472

1.572

"1.672

DELL1= OQ.269IN.

RED2=5061.8

53.8 FT/SEC
TINFx 72.3 DG ©

JIFT/SECYH

17.94
18.20
19.49
20.10
20.41
20.97
21.94
22.68
28 .54
24 .25
25 .04
25 .03
26445
27 .22
27.82
28 .20
28,77
29.70
30.11
30.95
3i.88
32.91
34.19
35.39
36.54
38.16
39.88
41,58
43,24
44.83
46424
47 .57
48.95
50.14
51.05
51 .89
52.65
54 .16
53.55
53.73
53.78
53.79

NEL2=  0.1857TN.
ODFL 229,901

X= 63.3 INCHES
PINF= 2122. PSF

UBAK

0.3335
0.3384
0.3623
0.3738
0,279
v.3898
0.4079
N.6217
0.4377
0.4509
0.4656
G.4801
9.4917
0.5061
0.5172
0.5243
0.5350
0.5521
C.5598
0.5754
0.5927
0.611%
0.6356
0.6580
0.6794
0.7094
0.7415
0.7730
0.8039
0.8335
0.8598
0.8845
0.9100
0.9321
0.5492
0.90648
0.9789
0.9884
U.9956
C.©989
0.5999
1.0020

H= 1.453

PORT= 9

by

0.25
0.25
0.23
0,22
0. 22
0.21
0.20
0.20
0. 19
0.19
0. 16
0. 17
0.17
0. 17
0.16
0.16
0.16
0. 15
0.15
0.15
0.14
0.14
0.13
0.13
0.12
0.12
0.11
0.11
0.10
0.10
0.10
0.09
0.09
0.09
0. 09
0.09
0.09
0.08
0.08
0. 08
0.08
0.08

DAEL1=0.003

UINF= 53.9 FT/SEC
TINF= 67.8 DEG F

Y L INCHES ) U(FT/SEC)
0.010 17.48
0.011 18.17
0.012 18.90
0.013 19.37
0.014 19.92
0.015 20.21
0.017 20.92
0.0l9 21.50
0.022 22.17
0.025 22.80
0.029 23 .36
0.033 23.82
0.039 24,37
0.046 24.75
0.054 25.14
04062 25.44
0.072 25.47
0.087 25.54
0.102 25.57
0.122 25.76
0.147 25.73
0.177 26.12
0.217 27.37
n.267 29.28
U.322 31.57
0.357 34.54
0.472 36463
0.547 36.62
0.622 40.60
0.667 42.60
0.772 44,58
0.847 46.39
0.922 48.02
0.957 49.52
1.072 50.77
l.1a7 51.78
1.222 52.52
1.297 53.19
1.372 53,59
1.472 53.83
1.572 53.90
1.672 53.50

DELl= 0.331IN.

RED2=5718.4

DEL2= 0.206IN.
NOFL 2=0, 0OV

X= 63.8 INCHES
. PINF= 2129, PSF

-UBER

0.3243
0.3370

.0.3506

0.3593

043696

0.3749
0.3881
0.3989
0,4113
0.4231
0.4335
0.4420
0.4521
0.4591
0.4664
0.4719
0.4726
0.4739
0.4743
0.4779
0.4774
0.4846
0.5078
0.5433
0.5857
0.6407
0.6795
0.7165
0.7533
0.7903
0.8272
0.8607
0.8909
0.9187
0.9419
0.9606
0.9744
0.9868
0.9943
0.9987
1.0000
1.0000

© - H= 1,611

PORTs 10

DU

0.26
0.25
0.24¢
0.23
0.22
0.22
0. 21
a.21
0.20
0. 20
0.19
0.19
0.18
0.18
0.18
0.18
0.18
0.17
0.17
0.17
0.17
0.17
0.16
0.15
0.14
0.13
0.12
0.12

e 11

0.10
0. 10
0.10
0.09
0. 09
0.09
Q.09
0.08
0.08
0. 08
0.08
Q.08
0. 08

DOFY 1x0,003 -



UINF= 53.9 FT/SEC

TINF= 68.7 DEG F
Y (INCHES) UIFT/SEC)
0.010 9.64
0.011 10.12
v.012 10.39
0.013 10.81
0.014 11.40
0.015 11.89
2.017 12.28
0.019 12.63
0.022 13.14
0.025 13.70
0.029 14.29
0.033 14 .69
U.039 15.18
0,046 15.53
0.054 15.69
0.062 15.80
0.072 15.67
0.086 15.34
0.102 14.37
0.122 14 .04
0.147 13.70
0.177 13.77
0.217 15.40
0.267 18.91
0.322 23.79
0.397 29 .95
0.472 33.69
0.547 36 .08
0.622 38.30
0.697 40.67
0.772 42 .95
0.847 45.13
0.922 47.08
0.997 48,70
1.07¢ 50.29
1.147 51.41
le222 52.29
1.297 52.97
1.372 53 .48
1.472 53.77
1.572 53.93

DELL1= O0.428IN.

RED2=5718.2

DEL2= 0.206IN.
DNEL2=0,001
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X= 63.% INCHES
PINF= 2120. PSF

UBAR

0.1787
0.1877
0.1527
0.2005
0.2113
0.2205
0.2277
0.2341
0.2437
0.2540
0.264°
0.2724
0.2815
0.2879
0.2909
0.2930
0.2906
0.2844
0.2757
0.2604
0.2540
0.2554
0.2855
0.3507
0.4411
0.5553
0.6247
0.6691
0.7102
0.7541
0.7964
0.8368
0.8729
0.9045
0.9324
0.9532
0.9695
0.9822
0.9916
0.9970
1.0000

H= 2.075

PORT= 11

DU

0. 46
0. 4%
0. 43
0. 41"
0.39
0. 38
0.36
0.35
0. 34
0.33
d.31
0. 30
0.29
0. 29
0.28
0.28
0.28
0.29
0. 130
0. 32
0.33
0. 32
0.29
0.2%
0.19
0.15
0.13
0.12
0.12
0.11
0.10
0.10
0. 09
0.09
0.09
0. 09
0.09
0. 08
0.08
0.08
0.08

DDEL1=0.004



APPENDIX C

DATA REDUCTION PROGRAMS

(a) Stanton Number Data Reduction Program, STNO
This 18 the major heat transfer data reduction program
(b) Profile Data Reduction Program, PROF. (not listed)

This program uses a simple trapezoidal rule to calculate the inte-

gral parameters. This program calculates the cf/2 using Clauser plot,
(c) Shear stress reduction program, SHEAR

This program calculates the shear stress and mixing length distribu-

tion with given velocity profile, cf/2 . Ré@é y 6 § and F . This

2 ]
program essentially uses the method outlined in Simpson [3].

Special Nomenclature for Program SHEAR

B F/cf/2

DEL § , boundary layer thickness

CF2 cf/2

DEL2 62, momentum deficit thickness

DUDY numerical approximation of dU/dy

Dl Van Driest damping function based on XL1
D2 Van Driest damping function based on XL2
TAUL laminar shear stress

TAUT turbulent shear stress

TAU+ ER 72

TAULAM+ du'/dy*

UB laterally averaged velocity profile

UYP v/ (U, cg/2)

XL1 outer layer mixing length assuming augmented mixing length

. -(y/0.18)
has distribution as 3.32 (y/é8)e
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- XL2
el
YPUT

NOTE:

outer layer mixing length assuming augmented mixing length

Y2
has distributions as 33.2 (z) 100(6)

y/§
4
y =yul/v

UT/\)

Flat plate mixing length is curve fitted as

0.078 tanh(5.25 y/§)
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VP WN -

~o

10

i1

12
13
14
15

16

STHO Program

SWATF1V

OO OOO

ccc

ccc
ccc

ccc

(g X gl

o

(e XaNalal [ BN ¢ G O OO0

Ckx
C**

STANTON NUMBER DATA REDUCT ION PRNGRAM A
DISCRETE HOLE RIG NAS-3-14336 i

THIS PROGRAM USES THF LINEAR SUPERPOSITION PRINCIPLE TO

CALCULATE STANTON NUMBERS AND NOTHER INTEGRAL PARAMFTERS AT 'H‘TA=
0. AND 1.

togv e
i

REAL K(39),S{40)
DIMENSION NRN{4) TD(45)’TG(12)yQ(lZ)ySAFR(lZ)vST(36)vTZ(lzl
DIMENSION X(36).REX(36)102(36)’REEN(36)pSM(12),F(lZ)pT*(lZ)yCY(lZ)
DIMEMNSION VAR{12) ,TCAST(5) ,KOMMNT(40),HM(45),QD0T{36),0FLOW(12}
NIMENSTION TCAV(12),STNOB(36),,STO(36),STCOL(36),STHOT(36),8TS{36),
1STSF(36)9STCRI36)4STHR(36) ySTSR(36),SMO(12),FO(12) +THD(12),FR( 12}y
2BHCOL(12),BHOT(12) ,REXO(36),RENCOL{36),RENHOT(361},N2C0L(36),
3D2HOT (361 ,0QPOT(36)sDTH(12)4DSTI36) ,DREEN(36),0D2(36),DTHO(12)
DIMENSTON DSTO(36)4ETA(36)yXD(36)ySF(12),SFO(12),NRNO(4)
DATA X/5063952¢3 9540395603 95843760.3762.3964.3+66.3968.3,
1 TO0e3972e3973.829 74485975889 76.915977.95:78.98+80.01,481.04,
2 82.07+83¢1484.13,985.1659B6+2487.23+88.26+89.29990.32,91. 135,
3 92.38193.415994.45995.48996.51+997.54/
FOLLOWING IS THE CONDUCTION LOSS CONSTANTS FOR BLOWING SECTION,
DATA K/ 4762 «3867, «3601, 3558, «36R3, «3712,
1 «3E59, 4184, « 3774, «3861, 3584, «4919,
FOLLOWING IS THE HEAT FLUX METER CALIBRATINN CONSTAMTS NOD 13-36,
36,05, 34.78, 35.05, 33.8ls 33.32, 32.33,
25402y 23.00y 28.61y 3l.46, 29.31, 31.79,
34.63y 31.51y 29449y 24,67y 30.98,
32.46y 37.82y 31.97y 24.10, 36.16y, 34,09,
HEAT FLUX METER CALIBRATION CONSTANTS NO 106-108
6 32.53, 3%.18, 38.07/
FOLLOWING IS THE AXIAL CONDUCTION LOSS CONSTANTS
DATA S/ .9928, 11%.80, .9078y 4.712y 4.962y 5.014y 4.965,
5.118, S5.183, 4777y 4.494y 5.480, 5.020, 5.597,
5.254y 5.169y 5.254y 5.356y 5.211, 5.370, 5.583,
4.990y 5.435, 4.872y, 5.557y 5.545, 5.585,
NO  106-108
4.983y 5.056, 4.989/

M wN
w
w
.
-~
o
-

L W N

DQ: ENFERGY BALANCE ERROR, WATT
0Q=0.3
OP ¢ UNCERTAINTY IN MANNMETER PRESSURE , IN H20D
DP=0.005
ASSUMF ALL PROPERTIES CORRECT, AFTER TEMPERATURE~HUMIDITY CORRECTINON,
DT: UNCERTAINTY IN TEMPERATURE, F
DY=0.25
DSAFR: UNCERTAINTY IN SECONDARY FLOW RATE,RATID
DEAFR=0.03
DHM:  UNCEPTATNTY IN HM{I),MV
CHM=0.025
DK: UNCERTAINTY [N HEAT FLUX METER CALIBRATION,RATIO
DK=0.01
DS: UNCERTAINTY TN CONOUCTION CORRECTION ON HFAT FLUX MFTER,RATIN
0S=0.05
DXVOU: UNCERTAINTY IN XVOD,IN

$$% READ RUN NUMBER, COL. 1-8

TERMINATE PROGRAM WITH 9999999999 CARD, COL. 1-10
KT=0 IT STNRE3 THE HEAT TRANSFFR PARAMETFRS WHICH CAM RF USED
FUOR KT=1, NO-BLOWIMNG RUN QR CNLD RUN.
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17
19

20
21

22
23

27
28
29
30

31
32
33
34
35
36
37

38
39

40
41

42

Cesx KT=]1 [T CALCULATES ST AND OTHER INTEGRAL PARAMETERS AT THETA=) .61,

Cex USING THE LINEAR SUPERPOSITION PRINCIPLE., HOT RUNS,. :
Cex masx ARRANGE DATA SUCH THAT HOT RUN FOLLOWS COLD RUN AT SAME VALUE oF '-
Cx® KT=2 IT CALCULATES THE ADI ABATIC WALL EFFECTIVENESS.

C*% KM=0 P/0D RATIO OF S

Cex KM=1 P/D RATIO OF 10

C*x (=0 NO-BLOWING CASE HAS A CONSTANT WALL TEMPERATURE WITHOUT ANY S"P.
Ck%x =] NO-BLOWING CASE HAS A STEP T-WALL AT THE 1ST PLATE, INTERNALLY SET

Cx» IF INPUT END2 IS ZERO,

Cxx L=2 NO BLOWING HAS A STEP T-WALL AT SOME PLACE IN THFE FORE PLATF,
Ce» ACTUAL ST TAKEN ON THE RIG IS USED FOR THE NO-BLOWING ST 4.
Ch% SPECIFICATION OF L=2 IS ONLY NECESSARY AT KT=]

[g) SOoO0n

[ X3 Xs Xz X gl

(e XeX g}

5 READ (5,10) (NRN(I)pI=1,4) s JOUT KT KM,L
10 FORMAT (4A2,12,12,1241.2)
If (I0UT.NE.O) GO TO 2000

$3$ READ STATEMENT PROVIDES 80 SPACES FOR A COMMENT REGARDING
DATA REDUCTION. STATEMENT WILL APPEAR ON OUTPUT SHEET
READ {5,2) (KOMMNT(I), 1=1,40})
2 FORMAT (40A2)
$$$ READ AMBIENT CONDITIONS: TEMP{DEG F)y PRESS(IN HG)s RELHUM(PCT)
READ (5,20) TAMB,PAMB, RHUM,THEAT
20 FORMAT (7F10.0)

$$$ READ TUNNEL CONDITIONS: TINF{MV) RECOVERY TEMP,PDYN(IN 120),
PSTATIIN H20} GAGE STATIC PRESSURE, NOTE NEG IF BELOW
PAMB, XVO(IN) VIRTUAL ORIGIN OF TBL, INCHES
FROM THE PHYSICAL STARTING POINT OF THE PLATFE
READ (5,20} TINF ,POYN,PSTAT,XVO,END2,DXV0,DEND2
TRECOV=TINF
IF (END2.EQ..0) L=1

POWERSTAT SETTINGy SEC AIR FLOWRATE(MV) TAKEN AT SEC AIR TEMP

$$$ READ SEC AIR TEMP{(MV), PLATE TEMP(MV), PLATE POWER(WATTS),

READ €5+25) (TG(1),TO(I)4QUI)yVARII)SAFR(T1),CI(]I)4I=1,12)
25 FORMAT (6F10.0)

READ {54+26) (TO(I)yHM{]1),I=13,45)
26 FORMAT(2F10.0)
$$$ READ CASTING TEMPERATURES

READ (5,25} (TCAST{1), I=1,5}

WRITE OUT ALL RAW DATA
WRITE (6440) (NRN{I), I=1,4)
40 FORMAT (1lH1,9X,* STANTON NUMBER DATA RUN *,4A2,°' *&x DISCRETE HOL
1E RIG *%% NAS-3-14336'/)
WRITE (6,45)
45 FORMAT (10X, 'UNITS: PAMBI(DEG F),PAMB(IN HG), PHUM{PCT)* /17X,
1 *PSTAT(IN H20), TRECOVIMV]), PDYN(IN H20), XV2(IN), TPLATE(MV)'/17
2Xs*TGAS{MV)Y, QDDOT(WATTS), SAFR(MV),HM(MV), CI{MV), THEAT(MV}*/)
WRITE {&450) TAMB,PAMB RHUM, THEAT
50 FORMAT (10X, *TAMB='F5, 195Xy PAMB="F56.2,5Xy "RELHUM=*F5,]1,6X,
1 *THEATER='F6.2/)
WRITE (6,60) PSTAT,TRECOV, PDYN,XVO
60 FORMAT (10X, 'PSTAT="F6.2+5Xy?'TRECOV=*Fb. 315X.'PDYN='F6._'5X'
1 'XVO='F6.2//)
WRITE (6,70)
T0 FORMAT (10X, *PLATE®y6Xy *TPLATE? 46X ,*TGAS' 46X, 'QDOT" 44X, *VARIAC!,
1 55Xy *SAFLOW® 35X, *CURRENT /)
NPl=1
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43
45
46
47
48
49
50
51
52

b4
65
66
67
68

69
70

71

72
73
T4
75
76

17
78

(s Xs X aXgl

cc
ccC
cc
cc
(¥
cc
cc

o o 0 o

c

cc
cc

cc
cC
C

WRITE (6475) NP1,TO(1),Q(1),VAR(1)

75 FORMAT (10X, I39TXsFT723913XyFTa243XyF7.1)

WRITE (6480) (I,TOLI)+TG(I)QUI) VARII),SAFR(1),CI(1),1=2,12)
80 FORMAT (10X s I3 ¢TXoFT a3 e3XeFTa39e3XeFTa2¢3XeFTal3XyFB8.343X,F8,31
WRITE(6,71)
Tl FORMAT(/+1l0Xs*PLATE®* y6Xy* TPLATE® 96Xy *HM?)
WRITE(6,T2)(1TO(II,HM(T )}y I=13,45)
72 FORMAT(LOX»134TX9FTe3¢3X4FT.3)
WRITE (6,85) (I,TCAST{I1), I=1,5) . T
85 FORMAT (/10X S('TCAST(*I1, *)=*Fb6.3,5X)) |

DATA REDUCTION SEGMENT |

CONVERT ALL TEMPERATURES FROM MV TOD DEG F
TRECOV=TCI{TRECOV)
DO 90 I=1,12
TOLI)=TC(TO( I)
TG(I)=TC(TGLI)
90 CONTINUE
DO 89 I=13,45
89 TO(I)=YC(TO(I))
DO 95 I=1,5
95 TCAST(I)=TC{TCAST(I)}
MIXTURE COMPOSITION, GAS CONSTANT,RM, ANN SPECIFI{ HEAY, CP
RHUM=RHUM/100.
PSINF=PAMB+29.,92 *PSTAT /407.
TO HAVE ACCURATE RESULTS:
AFTER CALLING SUBROUTIMES HUMID AND VEL , AGAIN CALL HUMIN (PSINF,
TINFyRHUMs PyCP yRM, W) AND CALL VEL (RM,P,W,PDYN,TRECOV, TINF, RHNG,
UINF,VISC,CPyPR),THIS PROCEDURE MAY BE ITERATED FOR THE DESIRED ACCYRACY
IN OUR CASE, KINETIC TEMP IS LESS YTHAN ABOUT 1.0 F FNR 100.FT/SEC
AND ABSOLUTE HUMIDITY, W, AND OTHER PROPERTIES DD NOT CHANGE NNTICEARLY.
SO WE DO NOY NEED ANY ITERATIONS.
CALL HUMID (PSINF,TRECOVRHUMyPyCPyRMyW)
CCMPUTE FRFE STREAM DENSITY,VELOCITY,STATIC TEMP,K IN.VISC
CALL VEL (RMyPy W PDYN,TRECOV, TINF,RHOGyUINF,VISCyCP,PR)
PLATE AREAS :
A=1B.*1.568750/144%. 2
HOLE AREA
AH=(3.141593*%0.406250%0.406250%0.25)/144.
SECONUARY AIR FLOWRATE
caLL FLOW (KERRORZUINF,AHy W3 TGy THEAT 4C1yRHOGsSAFR y SMyFyKM)
DF: UNCERTAINTY IN F , RATIO
DF=SQRT(DSAFR«<DSAFR+DP*DP/ {4 .*PDYN%PDYN) )
IF (KERROR.(T.0) GO TO 1000
WATTMETER CORRECTION FOR WATTMETER CALIRRATION AND THE CIRCUTTRY,
CALL WATT (Q,VAR)
CALCULATES THE MIXED MEAN 2ND GAS TEMP,HEAT LOSSES,AND EFFECTIVE CASTING
TEMP.
CALL TEFFS (SAFRyTCASTyTOy TGy KyHMyT2,QFLOW, TCAV,KM)
CORRECS THE PLATF PCWER TO GET CONVECTIVE FLUXES ON BLOWING SENTINN
CaLL PLOSS (QyTOTCAV,TINFyAyKyS,QFLOW,Q007)
CALCULATES THE CONVECTIVE HEAT FLUXES ON THE RECOVERY REGION.
CALL HFM (TO,TINF,HM,K,S,QDOT)
DQOOT: UNCERTAINTY IN HEAT FLUX,RTU/HR.SQFT
DO 711 I=1,12

)
)

711 DQDOT(1)=DQ*3.4129/A

DO 712 1=13,36

712 DQDOT(I)=SQRT(DK*DK&K{ T)*K (T )*HM (T )*HM{I D) +K(I) *K (] ) *xDHM®EDHM+DNT*DT

I1*(SUI)*S(I)+S{T4+1)2S(T1+1)) +DS*kDSE(SCT)%*S(I)*(TO(I}-TO(I=-1))=(TO(])
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100
101
102
103
104
105

106
107
108
109
110

111
112
113
114
115
116
117
118
119

120

100

2-TOUI-1) 145U TL)#S (141 )X(TOLTI=TO(T+1) )#(TOLTI=TO( 1411} ))
WRITE ALL CONVERTED DATA

" WRITE (6,100)

"FORMAY (//,10Xy*UNITSs TPLATE(DEGF), TGASIDEG F), QDOT(WATTS},",

-1 F1TXy * SAFLOWICFM) QFLUXIBTU/HR/SQFT) 4 TEFF2{DEG F) */)

102"

108

110
106
107

115

300

I zka s

WRITE (6,102)

FORMAT (10X, *PLATE® 66X, *TPLATE®,5Xy*TEFF27,5X,7TGAS? 46X, 7Q00 ",
1. 6Xo"QFLUX?® 46X,y *SAFLOW*/)

WRITE (6¢105) NP1,TO(1),2(1),QDOT (1)}

FORMAT(L1OX 134 TXyFTaly 23Xy FTe29 5X9F7.2)

WRITE (6,4110) (I,TO(I),T20(1),TG(I),Q(I),QDOT{I),sSAFR(T),1I=2,12)
FORMATULOX s I3 7X0F 7ol o 3XoF Talp3XsFTals3XoFT.2y5XsF74291X,FB8.2)
WRITE (64106}

FORMAT( /10Xy "PLATE 36Xy " TPLATE Y 46X *HMS ,5Xo *QFLUX /)
WRITE(64107) (1,TO(I),HM(I),QD0OT(1),1=13,36)

FORMAT {10Xs13¢7X9FT4343X9FTa3¢3X4F7.2)

WRITE (64115} (1,TCAST(I), 1=1,5)

FORMAT (/10X »S{*TCAST{*I1,*)="Fb.1y5X))

XVI=X{1)~XV0-1.0

IPD=5

IF (KM.EQ.1) 1PD=10

WRITE (6440) (NRNU(I), I=1,4)

WRITE (6+¢300) TINF,UINF,XVOsRHDG,CP4VISC,PRyXVI,IPD

FORMAT (10Xy *TINF='F64 194Xy UINF=!F5,1,5Xy*XV0=*F6+3y SXy'RHN=?,
1FBe533X s 'CP="Fb6.396Xy*VISC='FE12.5,5X,*"PR="F5,3,/10Xy*DISTANCE FROM
1 ORIGIN OF BL TO 1ST PLATE=*F6.3,14X'P/D=112)

IF (KT.EQ.2) GO TO 402

COMPUTE HEAT TRANSFER PARAMETERS

COMPUTE THETA={T2-TINF )/ (T O-TINF)
TH(1)=0.

DTH(1)=0.

SM(1)=0.

F(1)=0.

DO 200 1=2,12

THIII=(T2{1) ~TINE}/(TO(I)~TINF)

c DTH{I): UNCERTAINTY IN TH(I)

200

202

201

210

cc
C

220

OTH(I)=DT*SQRT(L.+TH(I )*TH(I1)}/(TO(I)-TINF)
IF (KM.EQ.O0) GO TO 201

DO 202 T=3,11,2

TH(I)=TH(I-1)

F(Il=F11-1)

X REYNOLDS NUMBER BASED ON VIRTUAL ORIGIN THL
FACT=UINF/(VISC*12.)

DREX=FACT*DX VO

OC 210 1=1,36

REX{IV=FACT* (X(I)-XVO)

COMPUTE STANTON NUMBERS

DENOM=RHOG*U INF*CP*36D0.

DO 220 I=1,36
STC(I13=QDNT(I )/ (DENOMA{ TO({ I )~TINF))

VARIABLE PROPERTY CORRECTION.
STUII=STUII®*({TO(I)+459.6T)/(TINF+459,67)) %% (.4)

OST(I): UNCERTAINTY IN ST(I)

DST(I)=ST(I1)*SQRT(DQDOT(I)*DQDOT(I}/(Q0OT(T)*QOOT( 1)) +DP*DP/ (4 *
LPOYN*PDYN 4D TxDT/{(TO{ 1) -TINFI*(TO(I)-TINF)})
CONTINUE
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cc CALCULATFS DEL2 AND RE-NDEL2 BASED ON THE ACTUAL ST-DATA,

121 CALL FENTHAL (FACTsTHy FySTHyEND2yNDENDZ,D2,2FEN,DD2,DREENyDTH,NST,
10F yKM) -
122 €C=0.0
12z DO 116 I=1,12
124 CIF {(CTI(1) «NE. 0.0) CC=CI(I)
12% 116 CONTINUE
126 IF (CC +FQ. O.) WRITE(6,333) DREX
127 IF (CC <NEe« O.) WRITE (64334) DREX,DF
128 333 FORMAT ( 12X, 'UNCERTAINTY IN REX=',F6.0,/)
125 334 FORMAT ({ 12X ,*UNCERTAINTY IN REX=?',Fs,. O'QX'UNCFRTAIVTY N F-' F7.5 -
1,' IN HATIO! /)
130 © WRITE {6,600) (KOMMNT{I), I=1,40)
131 000 FORMAT (L0Xy40£2/)
132 WRITE (6,210}
133 310 FDRMA1(LOX'PLATE'.jX'X'.Sx'REX"QX'TO'.6X'REFNTH"7X'°’AN*ON NDT
1 O6X'DSTY ,6X ' DREENT 46X M 44X FY 6% T29 . 2X* THETA *, AX IDTHY ),
134 WRITE (6.3?0) NPl.X(l).REX(I)'TO(I).REEN(I).ST(I),DST(I)yDRFEH(l)
135 320 FORMAT(10OX1342XF5.2y1XEL2.51XF6.192(2XF12.5)32XF9,3,2XF5,.0)
136 DO 340 I=2,12
137 WRITE (6492203 T4X{I)sREXCTI)oTOCI),RECN(TI) ST(I),DST(T)DRFENIT),
ISMET I oF (I} T201),THILT) 4DTH(I)
138 330 FORMAT(LOXI13,2XF 5.2, 1XF12.591XF6.1,2(2XE12.5))2XES ¢2,2XFS540,2XF5.2
LoFTed9sFbl19FE342XF5,.3)
139 340 COMTINUE
140 00 341 1=13,36
141 WRITE (649331) TyXUI) oREX(I)oTOUIDyREENIID)yST(I) OSTULI),LREEM(T)
142 331 FORMAT(LlOX1392XF5.2,1XE12.5¢1XF8e142(2XEL12.5),2XE0,3,2XF5,9)
143 341 CONTINUF
ccC IF 2ND PLATE HAS NO SECUNDARY INJECTION , THIS PROGRAM ASSUMFS THAT
cc IT IS A NO-BRLOWIMG CASE.
144 IF (CC <EQ. 0.0) GO TD 400
145 IF(KT.EQ.0) GO T0O 350
146 IF {(KT.EQ.1) GO TC 360
cc STORE THE OLD VALUFS OF STANTON NUMBERS ALONG WITH OTHER INTEGRAIL
cc PARAMETERS FOR THE COLD RUN.
147 350 DO 351 1=1,12
148 SMO(I)=SM(I)
149 FO(I)=F (1)
150 THOCI)=THI(T)
151 DTHO(1)=DTH{I)
152 STO(I)=ST(I)
153 DSTO(I)=DSY(I)
154 REXD(IV=REX(I)
155 351 COMTINUE
156 GO 352 I=13,36
157 STOLI)=ST(1)
158 DSTO(I)=DST(I)
159 REXO(IV=REX(1)
160 352 CONTINUE
161 FACTD=FACT
162 OFO=DF
163 DO 353 1=}1,4
164 NRNO{ I)=NRN(T)
165 353 CONTINUE
166 GO TO 1300 ' .
cc CALCULATES THE 3TANTON NUMBFRS AT THFTA EQ. 0 AMD 1 BASER NN 1 TYZAR
cC SUPERPOSITION THEQPY.
le7 300 FAVO=0.
158 FAvV=0.
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169 THAVON=0.

170 THAV=0.

171 DO 361 [=2,12

172 THAVO=THAVN+THO(T)

173 THAV=THAV+TH(I)

174 FAVO=FAVO+FO(I)

175 FAV=FAV+F(!)

176 361 CONTINUE

177 THAVO=THAV(/11.

178 THAV=THAV/Ll.

179 FAVO=FAVQ/1l.

180 FAV=FAV/1ll.

181 FBAV=.5%(FAVO+FAV)

182 00 362 1=2,12

183 STSII)=(STOU D -STII)I/ (THLT)-THO(TI))

184 STCOL{IY=STO(I)}+THO(I)I*STS (1)

135 STHOT(!)=ST{L)+(TH(I)-1,0V*STS(1)

186 FBII)=0.S*(FO(I)+F(1)}

187 ETA(I)}=STS(I)/7STCNL(T)

188 IF {(L.EQ.2) GO TN 37%

189 STNOB(I) =.0295%PR*%« (=, 4)x (REX{T) ) ¥k (-,2)

190 IF (LEQ.L)STHNOB(II=SSTMOBC(TI¥(1lo—~{XVI/(X{TI1=-XVQ)}x*(0.3))*x
1(-1./9.)

191 374 STHR(I)=STHOT(I)}/STNOB(Y)

192 IF (L.EQ.2) GO TO 375

193 STNOB(I)=STNCB(I ) *(REX(T)/REXO(I ) )**{0.2)

194 IF (LeEQu1ISTNOB(T)=STNOB(I)*(1,-(XVI*FACTO/REXO(I))%*({0,Q))**
l(—ll/gu)

195 375 STCRAT)=STCOL(I)/5TNOB(I)

196 STSRIID)=STHOT(I)}/STCOL (1)

197 BHCOL(I¥=FD(Y)/STCOL(T)

198 BHOT{I)=F{I)/STHCT(I)}

199 STSFU1)=ALOG(1.+BHOT(I})/BHOT{I)

200 BHOT(I)=STHR(I}/STSFI(1)

201 STSR{I)=STSR(T)/STSF(I)

202 SF{I)}=F{1)=STHOT (I}

203 SFQUI)=FO(T)*STCOLLT)

204 362 CONTINUE

205 DO 363 I=13,36

206 STS(IN)={(STO(1)=ST(1})/(THAV=-THAvVOD}

207 STCOL(1)=STO(I)+THAVO*STS(I)

208 STHOT(T)=ST(I)+(THAV-1.0)*STS(I}

209 ETA(T)=STS(1)/STCOL(I)

210 IF {lL.EC.2) GO TO 372

211 STNOB(Y1)=,0295%PR**(~, 4) & (REX{I) )R (-,2)

212 IF (L.EQ.L)STNOB(II=STNOB(IL}*(La=(XVI/(X(I)=-XVO}}¥*{0.9)])**
lt_ll/q.’

213 372 STHR(IDI=STHOT(I)/STNOA(])

214 IF (L.EQ.2) GO TO 373

215 STNOB(IV=STNCB(I)*(REX{T)/REXD(]))*%(0.2}

216 IF (L.EQ.1)STNOBU(TI)=STNOB(I)*({1la~(XVI*FACTO/RFXO(T))*¥2(0.9)) =
1(-1./9.)

217 373 STCR(T)=STCOL(TI)/STHOBI(I)

218 STSRUI)=STHOT(I)/STCOL (1)

219 363 CONTINUE

cc CALCULATES THE DEL2 AND RE-DEL2 BASED ON THF NEW VALJYSS OF STANTN
cc NUMBER AT THETA .EQ. O AND 1 .

220 STCOL{1)=58T0(1)

221 STHOT(1)=5T(1)

222 STS(L)=5STO(1)-ST(1)
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223
224
225
226

2217

223
229

230
231

232
233
234

235

237
238
239
242
241
242
243
244
245
246
241
248
249
250
251
252
253
254
255
256
257
258
259

260
261
262

263
264

266

cc

cC

DY 370 I=1,12
THO(I1)=0.,0
370 TH{I)=1,0
CALL ENTHAL(FACT yTHyFy STHOT, END2 , DEND2, D2HOT o RENHNT,,DN2, DREFN, DTH
1,0ST,NF yKM)
CALL ENTHAL(FACTOQTHO, FO,STCCL +END2 ,DEND2,D2COL,RENCOL,DN2,DREFM
1yDTHUZDSTO,DFC4KM)
UTPUTS FOF THE NEW PARAMETERS.
WRITE (6,4371) (NPNO(T)yI=1,44), (NRN{I),I=1,4) i

371 FORMAT (1H1,9X,'FOLLOWING IS THE DATA FDR THEYA=0 AMD THETA=l, WHI
®CH WAS OBTAINED BY LINEAR SUPERPOSITION THEDNRY '/, 10X'THIS DATA WA
=S PRODICED FrOM RUN *,4A2,% AND RUN *4,4A2,/7;10X*FOR THE DETAIL CH
*ANGES (OF PRNPELTIFS AND RNUNDARY CONDITIONS, PLEASF SEF THE ARNVE
®THO AUNSY)

WRITE(6,354)

364 FORMAT (/2 TXe "PLATE® 33Xy 'REXCOL 94Xy *RFE DEL2 943X 'ST{TH=0)? 44X, -
LIREXHOT? y4X s 'RE DEL2*y3X o' STITH=1)" y4Xy *ETAY 44X, 'STCRY, 4X*F-CN T,
25X¢STHR & 44X F=HOT?,2X* PHI-11/)

WRITE(co3L5) (LyREXOL L) JRENCOLL T} o STCOLIT I REX(I) RENANT (1),
TSTHUTUT) ETALTI) W STCRUIDpFOLT) o STHROID} yF(1)BHOT(I),1=1,12)

365 FORMAT((L10Xy1292(2XFO9. 1)y 1 XFQ.a692(2XFA.1) y1XFO.6421(2XI543)424XFT44,
L2XFT7a392XF7.492X%XF53))

KRITF(5,36¢0) {1 ,2FXOUT) 4RENCOLUTIPSTCOAL(I)ZREX(L) RENHOT (1),
ISTHOTUI D yEVA(I ) STCRIT },STHR(TI),1=13,36)
3686 TORMAT({10Xy1292(2XFOal) gLl XFQ . 642({2XFO201)y1XFO,642(2XF5.3),11XF7.3
1))
GO T 1000
FLAT PLATE VALUES ARE STORED.

470 DO 401 I=1,3¢
STNOBL(ID)=ST (1}

401 CONTINUE
GO Tu 1003

402 DO 403 1=2,12
XD(I)=(X{1)+1.=X{2))/0.406

403 ETA(II=(TO(I)=TIMF)/(T2{]1)-TINF)
T5=0.
DO 404 I=2,12

404 TS=TS+T2(1)
TS=TS/11.
DO 405 1=13,36
XD(I)=(X(T)+1.-X(2)}/0.406

405 ETA(L)={(TP{I)=TINF)/(TS=TINF)
CC=0.0
DO 117 I=1,12
I (CI(I) «Nle Je0) CC=CI(I)

117 CONTINIIF
IF {CC «EQ. 0.) WRITE(6,4333) DREX
IF {CC .NE. 3.) WRITE (69334) DREX,DF
WRITE (6,600) (KOMMNT(I), I=1,40)
WRITE (6,406)

406 FORMAT (1OX'PLATE®3X I Xt A XIRTXI,GXITOI4SXIX/NI,S5XETAY J4XIMI,
LBX!IF!,5XtT2¢)

DO 407 1=2,12
WRITE (64408) ToX{I)oREXCT)IoXD(TIDLETA(T)SMITID,F(])

408 FURMAT (10XpI1392XyF5.231XF 12591l XF0el92XF6,292XF6.492XFS5.2,2XF 7%,y
12XFS5.1)

407 CONTINUE

00 403 1=13,36
WRITE (6+9410) T4 X(1),REX{TIoXD(1),,ETA(I)
410 FORMAT (LlOXy1392XyF5.241XE1245¢1XFOely2XFB.292XFb.4)
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267
268

269

270
271
272
273

274
275
276
277

278

279
280

281
282

283

284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305

307
308
309
310
311
312

409
1000

'CONT INUE
GO Yn 5

2000 WRITE  {64900)

OO0 O

OO0

900

10
20

FORMAT {1H1)

ETURN

END

FUNCTION TC(T) _
FUNCTION CONVERTS TEMP FROM IRON-CONSTANTAN MV 70O DFG F
TM==2220.703+781.25¢SQRT(7.950782+40.256%7)
TC=TM+49,9T7-1,26E=-02%TM-.32E-04* TMETM

RETURN '

END

SUBROUTINE HUMID (PBAR,TAMB,RHUM,P4sCPsRMyH)

THIS SUBROUTINE CALCULATES THE MASS FRACTION OF ATR AND WATFO
VAPGR FROM THE RELATIVE HUMIDITY AND AMBIENT TEMPERATURES

THE MIXTURE GAS CONSTANT TS ALSO DETERMINED

SATURATION DATA FROM K AND K 1969 STEAM TAHBLES

DATA BLOCK FROM THE STEAM TABLES

DIMENSION TEMP{10),PSAT(10),RHOSAT(10)

DATA TEMP/ 404y 50«0y 60.0 70 .0, 80.0,

1 90.0, 100.0, 110. 0y 120.0, 130,07/

DATA PSAT/ 17.519, 25.636, 35.907, 52.301, 73.051,

1 130.627, 136.843, 183,787, 244.008, 320.400/

DATA RHOSAT/ . 0004090, .0005868, .0008226, .0011525, .NO15803,
1 .0021381, .0028571, .0037722, .0049261, .006362%5/

REAL NUyMFA, MFVyMWA, MWV

CONVERT IN HG TO pSr

AT 59, DFG F P=2116.217 PSF = 29.,92126 IN HG
SEE HESSE AND MUMFORD, JET PROPULSION, P554
P=PRAR®2116.217/29.52126

DO L0 N=1,9

IF(TEMPIN) .GT.TAMB) GO TC 20

CONTIMNUF

T = TEMP(N)

EPS = 7 - TAMB

VAPH = PSAT(N)

VAPL = PSATIN-1)

VEPS = VAPH -~ VAPL

RHOH = RHOSAT(N)

RHOL = RHOSAT(N-1)

REPS = RHOH - RHQL

RHOG = RHAOL + (10.0 - EPR)*REDS/10.

RA=1545,32/28.970

PG = VAPL + (10.0 - EPS)*VEPS/10.0
PVAP = RHUMXPG

PA = P - PVAP

RHOA = PA/(KA%(TAMB + 450.67))
RHOV = RHUM®RHOG

W=RHOV/ RHOA

RHOM = RHOA + RHCV

MWA = 28.970
MWV = 18.016
MFV = RHOV/RHGOM
MFA = 1.0 - MFV

RM = 1545.32%(MFA/MAA + MFV/MWV)
CP = MFA*0.,240 + MFV*0.445
RETURN

END
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313

314
315
316
317
318
319
320

321

322
323
324
325
326
327
328

329

330
331
332
333
334
335
336
337
338
339
340
31
342
343
344
345
346
347
348

349
350
351
352

o000

cc

OO0 OO00

10

1

1

SUBRNUTINE VEL (RM,P,H,PDOYN, TRECOV, TINF, RHOG,U!NF.VISC,CP,PP)

TUNNEL PRESSURE,PSF

CONVERT TC PSF USINMG VALUES FROM KEK GAS TABLES, P195,FOR H20 AT

60 DEG F o

PUNITS=144./27.7068

GC=32.1739

JF=TT77.66

RCF=0.7*x0.33333

RHOG= (P/RM+P DYN®PUNITS*RCF /{CP*JF) ) /{TRECDOV+459.6T)

UINF=SQRY (2. *GC*xPDYN*PLUNITS/RHOG)

TINF=TRECOV=-RCFAUINF*UINF/ (2. %GC*JF*CP)

KINEMATIC VISCOSITY, FTHFT/SEC

VISC={11,+0.0175%TINF)/(1.EO6%RHOG) *(1e~.T*HW)

PRANDTL NUMBER OF FREESTREAM AIR

PR=.TLO® (530 4/ {TINF+459.6T )1k (1 )%(1,.+.9%NW)

RETURN

ENO : S

SUBROUTINE FLOW (KERRORyUINF AHyWeTGy THEAT,,CI,RHDOG ¢SAFR ySMyF,KM)

DIMENSION SAFR(L)sSM{L)oF(1)sTGLL)eX{5):Y{5)+B(4),CTLL1),FMC(12)

DIMENSION TM{12)

DATA FMC/ 1.0y 1.22y <92y 988y 928y <906y .907¢ 1l.01,
«918y .901, .920,» .929/ '

KERROR=0

THIS RUUTINE CONVERTS FLOWMETER READING TO SECONNARY
AIR FLOWRATE, AMD COMPUTES M AND F PARAMETERS

TGy GAS STATIC TEMPERATURE, DEG F _ )

Wy HUMIDITY RATIO, LB VAPOR/LB DRY AIR S

SAFR, SECUNDARY AIR FLOWRATE, CFM, CORRECTED FOR TFMP AND HUMIDITY

SMy VELOCITY RATI10, SECONDARY AIR GAS TO MAINSTREAM GAS Lo

Fy MASS FLUX RATIOy SA TO MS, CONSIDERING 2%2 SQIN AREA
CONTAINING 2 3LOWING HOLES TOTAL, Fx= AHXM/(4/144)

CALIBRATIUN CURVE DATA

X(11=0.35

Y(1)=53.0

X(21=0.90

Y(2)=4.05

X(3)=1.12

Y(3)=2.00 _

X(4)=1.35 .

Y(4)=1.00

X{5)=1.5

Y{5)20.69

DO 10 I=1,4

BLIY=ALOGEY{ I)/Y(1+1)) JALOGIX(T) /X{I+1))

FACT=1,0+0.22%W

THEAT=TC(THEAT)

DO 20 1=2,12

IF (CI(1).EQe0.) SAFR(I)=0.

IF (CI(I).EQ.D.) GO TO 20

TMII)=a5%(TG(1)+THEAT)

SAFR{I)=SAFR (I )% {((TM{)+459.67)/530.)%#0. T) *FACT*(30.00/CI(1) )=w2
*FMC (1)

20 COMTINUE

FACT=] 0#0.7%W
DD 40 1=2,12
IF {(CI(I).EQ.D0.) GO TO 40
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353 IF (SAFR{ID.LTX(1).0R.SAFRII)«GTX(5)) GO YO 100

354 DO 30 K=1,5
. 355 IF (X(K).GT.SAFR(I)) GO TO 35
356 30 CONTINUE
57 35 Z=Y(K~1}*{SAFR(T)/X{(K~1))&*B(K-1)
358 "SAFR{I)=2/7((530,/7(TM(I 1+459.67))**0.T6)/FACT
359 40 CONTINUE
360 RHOS=.074843
361 IF{KM.EQ.1) GO TG 300
362 F8=AH*60.*UI NF*3 ,*RHDG
363 FOzAH*50.2UI NF*9 ,*RHOG
364 DO 50 I=2y12+2
365 SMUI)=SAFR(I )=RHOS/F9
366 50 F(I)=36.mAH®SM(TI)
367 DD 60 1=3,11,2
368 SM({I)=SAFR(I )*RIHOS/F8
369 60 F(I)=36.%AH*SM(])
370 RETURN
371 300 F5=AH¥60.*%UINF%5.*¥RHOG
372 F4=F5%4 ,/5.
373 DO 310 I=3,11,.2
374 sMil)=o.
315 310 F{I)=0.
376 Do 311 !=2,10,4
3717 SMII)=SAFR(I )*RHOS/FS
378 311 F{I)= S.xAHXSM(])
379 DO 312 I=441244
380 SM(I)=SAFR(1 )*RHCS/F4&
381 312 F(I)= 9.,%AH*SM(])
382 RETURN
383 100 CONTINUE
384 WRITE (6,200} SAFRI(I)
385 200 FORMAT (10X, 'FLUWMETER READING OUT OF RANGE, EMF='Fl12.5,//10X,
1 *DATA SET REDUCTION TERMINATED*®)
386 KERROR=2
387 RETURN
388 END
389 SUBKOUTINE WATT (Q,VAR}
390 DIMENSION Q{1),VAR(1)
391 DIMENSION RR{12}),XP(12),RBO(12}),RO(12},RSL(12),RL{12)
392 DATA RL/B.022y 8.024y B.067y B.066y 8.064y 8.063,
1 8.096y 3.072, 8.093y 8.099y 8.079, 8.0060/
393 DATA RSL./8.187, 84186y 8.233, 8.22T7y 8.217y 8.220,
1 8.259, 80229’ 802569 8.263’ 812411 8.226/
394 DATA RO/8.419y B.456y 8.506y 84488y B.470y Bo504%,
1 8,566y HB.522y B.503, B8.619, 8.498, B8.487/
395 DATA RBU/8.320, B.368, 8.400y 8,394, 8.375, 8.398,
1 8+.468y 8.451y B8.403, B8.523, 8.402, 8.384/
396 DATA RR/0.04083, 0.05413, 0.04059, 0.04108, 0.,04130, 0.94115,
1 0.04096, 0.04147, 0.04090, 0.04085, 0.04058, 0.04064/

cc THIS PROGRAM NEGLECTS THE EFFECT FROM THE REACTANCFE OF POWERSTAT COIL.-
397 DATA XP/12%0.0/

398 DATA RALXA,RV/0,.064y 0.063, T7500./
399 DO 2000 1=1,12
C THE FOLLOWING CORRECTS THE INDICATED POWER TO THE ACTUAL
c POWER
400 QP=Q(I)/75.
401 CORQ=QP*(0,0728%QP-0.0427%QP*QP-0,0292)
402 QCOR=0.99%Q( 1) +CORQ*75.
c THIS BLOCK CORRECTS THE WATTMETER FOR INSERTION LNSSES
403 T=VAR(I}*RR(I)
404 S=VAR{I)=XxP(1)
405 SA=S+XA
406 ROT=RO(T)+T
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407 RBOT=RBO(I1)+7T

408 ROI=ROT*ROT+SA%SA

409 RBOI=RBOT*RBCT+5#*S

410 RLVI=1.4+(RSL(I)+RA)/RV

411 RXA=XA/RV

412 RSLI=RLVI*RLVI+RXA®RXA

413 RSLL=(RSLII)+RA) /RL{1)

414 Q(1)=QCOR*ROT*RSLI/(RBOI*RSLL)

415 2000 CONTINUE

416 RETURN

417 END

418 SUBROUTINE TEFFS (SAFR,TCAST,TO,TGyKyHM,T2,QFL OW,TCAV KM)
419 REAL KCONV(2),KFL(22)yK(1)

420 DIMENSION SAFR(L1sTG(1),TOUL)9T2(1),TCAST(1) ,QFLON (1) ,TCAV(1)
421 DIMENSIGN HM (1)

cc THIS SUBPDUTINE CALCULATES THE EFFECTIVE TEMPERATURE DOF SECONDARY
cc GAS AND CASTING fFOR SACH PLATE. THEN IT CALCULATES THE PORTIN OF HEAT L9
cC LOSSES DUE TO SECONDARY GAS.

cC EFFECTIVF TEMP FOR THE & FT PLATES.
422 TWL=TO(45)+K (39) *HM(45)/20.5
423 TW2=TO(13)+K(13)*HM{13)/20.5
cc EFFECTIVE CASTING TEMP,
4Z4 TCAVI1)=0.375%TCAST{1) + 0.6666T7T*TCAST(2) + 0,25%TwWl -
1 0.125%TCAST(3) - 0.16667T*TCAST(4)
%25 TCAVI2)=0.5%TCAST(1) + 0.6666T*TCAST(2) — 0.16667%«TCASY (4)
426 TCAVI3)=0.5=(TCAST(L) + TCAST{(2)}
427 TYCAVI4)=0.25**TCAST(1) + 0.5*%TCAST(2) + 0.25%TCAST(3)
428 TCAV(5)=0.25*%TCAST({1) + 0.3333*%*TCAST{2) + 0,25%TCASTI(3)
1 +0.16667*TCAST(4)
429 TCAV(6)=0.3333%TCAST(2) + 0.5%TCAST(3) + 0.1665T*TCAST(4)
430 TCAV(T7)=0.1666T7T*TCAST{2) + 0.5*TCAST(3) + 0.3333%TCAST(4)
431 TCAV(B8)=0.16667T*TCAST(2) + 0.25*%TCAST(3) + 0.3333%TCAST (4)
1 + 0.25*TCAST(5)
432 TCAV(9)=0.25%TCAST(3) + 0.5*%TCAST(4) + 0.25%TCAST(5)
433 TCAV(10)=0.5*(TCAST(4) + TCAST(5))
434 TCAV(11)=0.5%TCAST(5) + 0.66667T*TCAST(4) ~ 0.,16667*TCAST(2)
435 TCAV(12)=0,375*TCAST(5) + 0.6666T*TCAST(4) - 0,125%TCAST(3)
1 —0.16667*TCAST(2) + 0.25%TW2
cc PORTION OF ENERGY WHICH 1S LOST.
436 FACT=.074843%.24%60.
437 QFLOW(1)=0.0
438 IF (KM.EQ.l) GO TO 100
439 DO 10 I=2,12,2
440 IF (SAFR(I).FQ.0.) GO 70O 12
441 IF (SAFR(IV.GE.5.}) GO 70O 11
442 KFLII)}=421+.0344%ALNGLO(SAFR(I )}
443 GO 70 10
444 12 KFL(I)=0.
445 GO Y0 10
446 11 KFL(1)=.,0762+.226%ALNG10(SAFR(I)})
447 10 CONTINUE
" 448 D0 20 I=3,12,2
449 IF (SAFR(!).EQ.0.) GO TO 22
450 SAFR(1I)1=1.125%SAFR(I)
451 IF (SAFR(I}.GE.5.) GO TO 21
452 KFL(I)=.21+.0344*ALOGLO(SAFRI(I))
453 GO TO 20
454 22 KFL{1)=0.
455 GO TO 20
456 2] KFL{1)=.0762+.226%AL0OG10(SAFR(I))

257



457 20 CONTINUE .
ccC EFFECTIVE *T2¢',AND *'QFLOW'.

458 D0 30 1=2,12,2
459. _ IF (SAFR(T1).EQ.0.) GO .T0 31
460 KCONV(2)=0.24*SAFR([ )*%0,35
461 E=EXP({-KCONV (2)/SAFR( L))
462 Tz(I)-TG(l»+(1.-E)t(KFL(Il*(TUttl-TG(tiio(TCAV(l) -TG(I} ))
463 QFLOW( I )SFACT®KFL (1) *KCONV (2)*(TO(I)-T2(1)}}
464 GO TO 30
465 31 T2(1)=TO(I)
466 QFLOW( I )=0.
467 30 CONTINUE _
468 00 &0 1=3,12,2
469 IF (SAFR{I).EQ.0.) GN TO 41
470 KCONV{(1)=0.2133%SAFR{] )*%0 35
471 SAFP (I )=SAFR (I)%8./9.
472 E=EXP(-KCONV (1)/SAFR(L.})
473 T2(1)=TG{1)+(1a=E)*(KFLIIIR(TOLI)=TG(I) e (TCAVII)=TG(I) )}
474 QFLOW( TI=FACT®KFLIT)*KCONV (1) *=(TO(1)-T2{1))
475 GO TO 40
476 41 T2(1)=TO(I)
477 QFLOW(I)=0.
478 40 CONTINUE
479 RETURN
480 100 DO 101 1=1,11,2
481 T2(1)=70(1)
482 QFLOW(T )=0.
483 101 KFL({I)=0.
484 DO 102 I=2,10,4
485 IF (SAFR(1).EQ.0.) GO TO 51
486 SAFR(I1)=(9./5.)%SAFR(L.)
487 IF (SAFR(I}.GE.5.) GO TO 103
488 KFL(1)=0.21+.0344*%AL0OG10(SAFR(T)}
489 GG TO 102
490 51 KFL(1)=0.
491 GO TD 102
492 103 KFL(I)=0.0762+.226*ALNG1O( SAFR(I))
493 102 CONTINUE
494 DO 104 I=4,12,4 _
495 IF (SAFR{I).EQ.0.) GO TO 52
496 SAFR(I)=(9a/ 4+ ) *XSAFRI{])
497 IF (SAFR{I).GE.5.) GO TO 105
498 KFL(11=0.21+.0344%AL0G LO(SAFR(I))
499 GO TO 104
500 52 KFL(1)=0.
501 GO TO 104 .
502 105 KFL(I)=0.0762+.226%ALDGLO( SAFR(T))
503 104 CONTINUE
504 DO 106 1=2,4,10,4%

. 505 IF (SAFR(1).EQ.0.} GO TO 53

~50% © 7 KCONV(2)=0.1333%SAFR(I)%%0),35

507 SAFR{I)=SAFR(I)*(5,/9.)
‘508 ExEXP(-KCONV{2) /SAFR(1))
509 T2(1)=TG(I)+ (L. =E)R(KFLIT)*(TOCTI)=TGLI NI+ (TCAVIII-TG(1)))
510 QFLOW( I ) =FACT*KFL(1)%KCONV (2)*(TO{T1)-T2(1))
511 GO TO 106
512 53 T2(1)=TO(1)
513 QFLOW{I)=0.
514 106 CONTENUE -
515 DO 107 I=4,12,4
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516
517
518
519
520
521

523
524
525
526
527
528
529
530

531
532
533
534
535
536
537

538
539

540
541
542
543
544
545
546
547
548
569
550
551
552
553
354
555
556
557

558
559
560

561
562

IF (SAFR(I).EQ.0.) GO TO 54
KCONV{1)=0.1067%SAFR (] )**0.35

SAFR{I)=SAFR(I)*(4./9.)

E=EXP{-KCONV{L1)/SAFRII )}
TZ(l)'TG(l)+(1.-E)*(KFL(I)*(TO(ll-TG(lll*(TCAV(I)—TG(!))’
QFLOW{ T ) =FACTH*KFLAT)1*KCONV(LI* (TO(T)-T2(1} )

GN TO 107

54 T2(1)=T0(I)

QFLOW(I)=0,

107 CONTINUE

RETURN

END . .

SUBRDUTINE PLOSS (Q,TO,TCAV,TINF,A,KyS,QFLOWN,QDOT)
REAL K(1)

DIMENSION Q{1),TC(1),S(1),QFLOW(1),QDOT{1),TCAVIL)

CCCCCC#=* THIS BLOCK CORRECTS FOR THE HEAT LOSS

[z XaKaNsXaXal

SF=1,

EMIS=0.15

TAR=(TINF+460.)/100.

DO 109 I=L,12

TOR={TO(I)+460.) /100,

IF(I.EQ.1) GO TO 98

QCOND=K{ I} *={ TO(T }=TCAVII)) ¢S(II®(TO(I)=-TOC(I-1))+S(I+1)e(TO(])~
1 TN(I+1))

GO TO 100

98 QCOND=KI D) *(TOLII=-TCAVII)I+S(1)%(TOLI)-TD{45))

1 #S(1+1)%(TO(1)-TO(1+1))

100 QRAD=A*SFREMIS*.1714%{ TOR®TORKTOR*TOR-TAR*TARKTARETAR )

QLOSS=ACOND+QRAD+QFLOW(I)
Q(T1)=Q(')-QL0SS/3.4129
QDOT(1)=Q(1)*3.4129/A

109 CONTINUE

RETURN

END

SUBROUTINE HFM (TC,TINF,HM,K,S,Q00T)
REAL K(1)

CIMENSION TO(1),HM{19,5(1),Q00T(1)
SF=1.0

EMIS=0.12
TO(37)=T0(36)-.333%(TD(36)-TO(37))
S{13)=T7.0%S{13) 3
TAR=(TINF+460.)/100. }
00 100 1=13,36 . -
TOR=(TO(1)+460.)/100. '

100 QDOT(1)=K{ 1) *HM(I)*{1.+(80.-TO(1))/700.)

1-S(I)*=(TO(T)-TO(I-1} )=-S{1+1)=(TO(I)~-TO(I+1))

2 ~SFEEMIS%,1T714*(TOR®TOR*TORETOR-TAR®*TAR®*TAR®TAR)
§$(13)=25(13)/7.0
RETURN
END

SUBRDUTINE ENTHAL(FACT-TH.FoST.ENDZ.DEND?sDZoREEN9002oDRFEN00'"0
1057, DF KM}
DIMENSION TH(ID.FIl)vSTlll.DZ(1).REEN(I).DDZ(Ii-DPEEN(l)pDTH!I’
1,DST(1)
COMPUTE ENTHALPY THICKNESS AND REYNOLDS NUMBER. ASSUME
THERMAL BOUNDARY LAYER BEGINS AT LEADING EDGE PLATE 1
COMPUTE ENTHALPY THICKNESS, ASSUMING THERMAL BL BEGINS AT
LEADING EDGE OF PLATE 1. COMPUTATION BASED ON CONTRIL
VOLUME FOR ENERGY ADDITION WITH BOUNDRIES PLATE CENTER
TO PLATE CENTER(EXCEPT PLATE 1)
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563
564
555
566
567

568
569
570
571
572

573
574
575
576
5T7
578
579
580

5681

582
582
584

585
586
587

588
589

590
591
592
593
594

c

c

_TH{1)=0.0

DIH(1)=0.

F(1)=0.0

DX=1.

OWX=.515625

ODX: UNCERTAINTY IN DX, IN

DOX=0.005

D2(1)=END2

DD2(1)=DEND2

IF (END2.EQ.0.) D2(1)=ST(1)%*DX

IF(.NDT.END2 .EQ.0.) GO TD 229

DD2¢I): UNCERTAINTY IN ENTHALPY THICKNESS, D2, IN

DD2¢{1)=SQRT{DX#DX*DST{ 1} *DST(1)+ST(L)%ST(1)4ADDX%DDX)

229 DO 230 1=2412
I (KM.EQ.1l) GO 70 399
D2(1¥=D2(1-1)+{(STII-1)+STLIDF(I-1D*TH{TI-1)+F({ I)RTH{T)) &DX
GO0 TO 400

399 D2(I)=D2(1-1)+(STUI-1)+STUI )42, %F (T )=TH(]})*DX

400 CONTINUE
AL=ST (I I®RSTII+STUI-1L)*ST(I-LI4F(I)*F(T)ETH(IIRTH(I)+F(T=~1)*

1F(I-1)*TH{I-1)*TH{I-1)

BE=DST(II*DST(L)+DSTUI-1)*%DSTC(I-1 )¢F{TII*F{T)*OTH(T )%DTH(])+
LF(I=-1)*F(I-1)%*DYH{I-1)*DTH(I~1)+DFRDFR(F{I)xF( I} *TH(I)I*TH(I)+
SF(I-11*F{I1-1)}*TH(I~1)*TH{T=-1)}

230 DD2(I)=SQRT(DD2{I-1)*DD2{1~1)+DDX*DDX*AL +DX*DX*BE )
D2(13)=D2(12)+(ST{12)+F(12)*TH(12))*DX+ST (13 )%DWX
DD2(13)=SQRT(DD2(12)*xDD2(12)+0DX*DDX*(ST(12) «ST(121+ST(13)%5T(13)

14F(12)*F(12)%TH{12)%¥TH(12) ) +DHXADWXXDST(L12)¥DST(13)+ DX*DX*(
20ST(12)1*DSTU12)+F (121 F(12)2DTH(12)*NDTH(12) +DFXDF*F(12) *F (12} %
3TH{12)1*TH(12)))

D0 231 1=14,36

D241 )=D2(I=1)+(ST(I-10+STLI) )*DUX

231 DD2(1)= SQRT(DD2(1-1)*DD2( I-1)+DOX*DDX%(STL{I )*SY{1)+ST{I-1)%

1STUI=1))+ DWUX*DWX*(DSTLII®DST(II+DST(I-1)«DST(1-1}))

IF (KM.EQ.1) D2(13)=D2(13V+F(12)%«TH(12)*DWX

IF (KMoEQ.l) D2(14)=D2(14) +F(12)*TH(12)%DWX

COMPUTE ENTHALPY THICKNESS REYNOIDS NUMBER FOR CENTER

OF PLATE BASED ON D2(I) FOR ENERGY ADDED TO THAT POINT

DO 240 I=1,36

REEN(I)=FACT*D2(1])

240 DREENII)=FACT*DD2( 1)

RETURN

ENO
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SHEAR Program

S$HATFIYV NOLIST
NDIMENSION UB(42),Y(&2)
DATA v/.01, .0O1l1, .012, .0l3, .0l4y .O15%, .Ol7, .019, .022, .025,
l .029’ .033' 0039' 0066' -054' 3062, oO72’ 00871 01021 01220 0147'
Z 01770 -211' 0261' .322' .391’ 0#72! 0547' .622' 0697' .772' osﬁ-"
3 n922' .997' 1.0721 1-147' 1.222' 1.297' 1.372' 1.‘72' 1.572'
4 1.672/
c FOLLOWING SIX LINES OF DATA IS FOR X=63.3 INCHES
DATA UB/ 2977y 3069y 3169y «3285) +3373y 3467y 3617y 3736,
1 3887y <4018y 4158, <425&, 4374y 44699 4562, 4630, 4686,
2 <4761y 4816y 44874y 4942y 5033y .5171l¢ 5413y 5713y 6097,
3 6435, 6760y «7085) «T415y 7748, 8057y .B366, .B663, .8932,
4 .9185y 9404y .9598, 9745, .9.882, .995T7s .9987/
DATA CF2,F,DELyDEL2,RED2,N/.001352, .0069y 1l.496, .2363, 6400.+42/
c FOLLOWING SIX LINES OF DATA IS FOR X=69.3 INCHES
DATA UB/.3255, 3345, 3487, .3604y 3709, 3794, .3936, .4063,
1l 4206,y «4324y <4456, .4565, #6849y .4783, 4BT2y 4947, .5006,
2 «5094, .5150, .5221y 5310, 5423, .5621y 5898y .6218, .6636,
3 7016, 7387, 7752, .8l12, .8448, .BT7564 9047y .9302y .9519,
4 +9691y 9824y .9906y <9963, .9989, .9999/
DATA CF2,F,DEL, DEL2,RED2,N/.001492, .006991.291y .1955, 5320.,441/
SUML=.25%(UB(L)*UB(LI*Y{1)+(UB(2)+UB(1) )*={UB(2)+UB(L) I*(Y(2])-
1Y(11)))
SUM2=,5%(UB{L)*Y (L)+{UB(2)+UB(L))*{Y(2)-Y(1)))
WRITE (6,3)
3 FORMAT(12X*TAU+, SX*TAULAM+,6XY/DEL Y, TX*L/DEL®y9X'Y+*,13X'L+*,
1 5X*D1*,6X*D2',/)
YPUT=RED2*SQRT(CF2)/DEL2
B=F/CF2
UYP=DEL2/(RED2*CF2)
N=N-1
DO 10 1I=24N
DY=Y(I})-v(I-1)
DUDY=.5%((UB(T+1)-UBLI})/(VII+1)-Y{T))+lUB(T)-UB(I-1))/DVY)
VA=.5%(UBLI)+UB(I-1))
SUM1=SUM1+UA*UA*DY
SUM2=SUM2 +U A*DY
TAU=1 . +B%UB([) +#{1.+B)*(SUML-UBL I)}%SUM2)/DEL2
TAUL=DUDY®YYP
TAUT=TAU-TAUL
XLP=SQRT{(TAUT) /TAUL
AL=SQRT(TAUT=CF2) /{DUDY*DEL}
YPL=YUI ) *YPUT
YL=Y(1}/DEL
XL1=0.0T8*TANH{5.25%YL) 43,325 YL*EXP (-YL /0. 1)
XL2=0.078%TANH(5.25%Y L) +33 . 2%YL #YL REXP(—-100.*YL*YL)
D1=XL/XL1
D2=XL/xL2
WRITE (695} TAU, TAUL,YL,XL,YPL ,XLP,D1,02
5 FORMAT (1O0Xy2(F6.395X)}92{FTe5:5X)F8.3,5X,F8.3,2(3XF5.3))
10 CONTINUE
sTop
END
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APPENDIX D

HOT WIRE FLOWMETER

For reaéons mentioned in Chapter II, a hot wire type flowmeter was
developed to be used in the program to measure the secondary alr flowrate.
Much data concerning a round wire in an infinite stream appears in the
literature. If, however, a small rod is inserted into a pipe, then the
exact heat transfer behavior will depend on the detailed geometry. Thus,
although the behavior can be approximately predicted, the details require
experimental study.

Initially, two types of flowmeters were conceived: one using a wire
whose temperature was fixed, correlating the flowrate with the heating
current supplied to the wire; the other with a fixed heating current,
correlating the flowrate with the differential temperature between the
hot wire and the oncoming stream. The initial investigation into this
problem showed that the constant current mode is preferred because of its
smooth variation over the entire flow range. The constant temperature
mode showed that the correlation changed very sharply in the low flowrate
range.

In final form, each flowmeter unit has two separate circuits: a
heater circuit and a thermocouple circuit. All the heater cilrcuits were
connected in series to one controlled DC power supply. For each flowmeter
element, power can be turned on or off independently, so that any number
of flowmeters can be used selectlvely at one time. This arrangement saved
considerable time in the measurement of the secondary air flowrate.

The thermocouple loop for measuring the temperature difference be-
tween the heater element and the coming air stream was made with iron-
congtantan, with one junction at the middle of the heater element inside
the brass tubing and the other junction in the air stream 1/2 in. (1.27
cm) upstream with 90° rotation. Care was taken that the wake of this
junction did not interfere with the heater and vice versa. Iron wires
which come out of the two junctions were connected to the copper lead
wires in a small space insulated with the double shrink tubing. These

copper lead wires were connected to the selector switch.
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To control the current supplied in the circuit, a shunt of 0.1
was inserted into the circuit, and the potential across the shunt was
read by an H-P digital voltmeter. This potential was monitored to assure
the desired current by controlling the current setting dial in the power
supply.

A seven foot long, 3 in. (7.62 cm) PVC pipe was used to install the
flowmeters. The upstream end had copper screens to make the flow uniform.
The flowmeter was located six feet downstream of the copper screen. The
current setting was such that the power dissipated by the heater was less
than 1 watt, in most cases. Even at a very small flowrate, the temper-
ature rise due to the flowmeter heater was very small (about 1°F at 3 cfm).
The detail drawing appears in Figure D.1.

The flowmeters were calibrated in place against Meriam laminar flow-
meters., The laminar flowmeters had been checked against standard ASME
orifice meters. The initial calibration showed that all the calibration
curves collapse by the horizontal shift of some distance in log-log co-
ordinates. Corrections for the mean stream temperature level and humidity
were Incorporated to deduce the flowrate at standard conditions. After
proper corrections were made, the flowmeter constants which are the multi-
plication factors to make them collapse were left as a functional of each
flowmeter element. All flowmeters used the same calibration curves ex-
cept for one constant, called the flowmeter comstant.

In the following section, the correction formula, including the flow-
meter constant, Ki » will be given. From the basic energy balance equa-

tion on the wire, we have

g = IR = B A_AT (p.1)
where h 1is the average heat transfer coefficient around the wire across
the span, As the total surface area of the wire, and AT the temperature
difference between the wire and the coming air stream.

For the evaluation of heat transfer coefficient, h , the following
equation from Kreith [D.l] was used,

_0- 31

Nu Pr = £ (Re (D.2)

a
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For the temperature dependence of properties, '1‘st = 530°R was used as

a reference temperature, and the following expressions were used;

K ('r 0.735
kBt TSt

0.76
B (%—) (0.3)

ust st
-Onl

Pr - T
Prise Tt

These correlations are the results of curve fitting in the temperature
range of 70°F to 180°F by using data appearing in [D.1l, D.2, and D.3]

For humidity dependence, the following expressions were used;

X . 1+0.9m

Pr’d.a.
(D. 4)
E 2 1-0.055m
ud.a.
11: = l- 007m
d.a.

where m 1is the absolute humidity, lbm/1b of air. The relationship for
Pr was taken from Kays [D.4], and the relationships for p and k were
obtained by using the recommendation appearing in Eckert and Drake [D.5],
using the air properties and the vapor properties formed in Keenan and

Keyes [D.6], and using the binomial expansion to simplify the expression.
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Then all these were combined into Equation (D.2), then into Equation
(Dll) and the binomial expansion used again to simplify the expression
for humidity correction, and the following expressions were obtained,

E = £(X) (D.5)

102 e \0-70
E = Ki * emf ° T (T—s:) (L + 0.22 m)

T -OI 76
X = SCFM T (1 + 0.70 m)

where

st

and
enmf = the emf of the thermocouple signal .
By the calibration procedure, the flowmeter calibration constant, Ki ’
for each flowmeter unit and the function f were determined.

With the hot gas stream, some zero shift was noted. To reduce this,
insulation was installed around the heater terminal on both sides of the
3 in. (7.62 em) PVC pipe. After the insulation was installed, satisfac-
tory performance was acquired by taking the zero point at the no-power
signal to account for the zero drift.

The variable property correction and zero drift correction gave the
quite satisfactory performance of the flowmeters. The calibration curve
which displays the function f shows the scatter in X (or SCFM)
about 3%. This is less than 1.5%7 in E coordinate. The high uncertainty
in X coordinate is the penalty for getting a wider range of flowrate,

because X varies as E“25

approximately.

The heater design and the current rating used are such that the
heater would not be damaged even if there were no flow with the heater
on. The highest temperature the heater can attain is about 160°F to 180°F,
which is the safe temperature limit for the epoxy glue used to bond the
heater wire onto the brass tubing. The use of a low temperature in the
heater guaranteed against the accidental burning which might happen by

inadvertently activating the flowmeter while no flow existed in the
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secondary system and against its aging with use. Also, the design is

such that each flowmeter unit can be taken out and interchanged easily,

because there is no permanent bond between the flowmeter and the 3 in.

(7.62 cm) PVC tube.
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Figure D.1 Detail of hot wire flowmeter.
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APPENDIX E

THE MANIFOLD VALVE ADJUSTMENT

The difficulty with assuring the uniformity of flow rate through
each hole in one manifold is that the laminar flowmeter used introduces
too much resistance to the flow: the measuring device introduces too
many disturbances. Even the flow resistance of a venturi meter would be
comparable to the flow resistance through each hole. Also the integration
of velocity profile at the outlet of each hole turned out not to be a
very reliable method for flow rate measurement. This lead to the sen-
sitivity study of the overall system to the flowmeter disturbance. To
have a good readability, a 2 cfm (0.944 2/sec) capacity laminar flowmeter
was used in conjunction with a 2 in. (5.08 cm) inclined manometer whose
smallest division is 0.005 in. (0.127 mm) on the scale.

Figure E.1 Sketch of manifold.

First, all the valves were adjusted to give a uniform flowrate within
1% accuracy at the total flowrate of 92 cfm (43.4 &/sec). Then 52 cfm
(24.5 2/sec) and 27 cfm (12.74 L/sec) of total flowrate were tried with
the same valve setting, and the same accuracy was maintained. This al-
lowed the valve adjustment at one total flowrate. Then a simple flow
circuit analysis was performed, assuming there are resistances to flow
in the following form.
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AP .

Since the pressure drop AP i1s uniform for all the holes, the flowrate
qi is a function of the flow resistance, LF only. Then the individual
resistance of each hole was determined by measuring the flowrate as the
electrical resistances in the circuit across constant potential can be de-
termined by measuring the current in each circuit.

In case AP 1is assumed to be proportional to v2 , We may put AP
in the form

2
AP K1 9

Rearranging, we obtain

(E.2)

Since AP 1is constant, this will lead to the same conclusion as before
if V[E:_ is set to r, . For the sake of simplicity, the first linear
expression, Equation (E.l), was used to analyze the calibration accuracy.
The conclusion of this analysis is that the flow resistance of PVC tubes
which are used for the delivery of the gas from the manifold to the test
plate was about 3.5 times the resistance of the manifold hole itself,

and the laminar flowmeter used has about 10 times more resistance than
the manifold hole resistance, and the measurement with single flowmeter
on each hole in turn showed the accuracy of 0.3% to insure the 1% accuracy
in the uniformity of flowrate in each hole at the test plate elevation.
Also tested is the possible flowrate change due to thermocouple installa-
tion in some of the PVC tubing. The analysis showed that 1/2% decrease
i1s possible. The secondary air flow rate in each hole in one manifold

is uniform within +1 1/2% accuracy.
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APPENDIX F

WATTMETER INSERTION LOSS

> 3

Ly n
| I
E L __% Rv WATT METER| R,

CIRCUIT 8

Figure F.1 Circuits for wattmeter circult analysis.

The preliminary analysis on the circuits A and B showed that Circuit
B is pfeferable, because Circuit B 18 less sensitive to the ammeter résist-
ance change. In this part, the analysis will be done, including_the am
meter reactance on the power factor applied to get the true power from
the measured power in Circuit B. The potential supplied at the variac

is assumed to be the same.

A. Actual Load Power with Switch On

In this circuit, there is no reactance component, and the power de-

livered to the load, RL s 18 simply E x I product across RL .
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" To calculate I , we have

E

TR FR R

I

The potential across the RL is

Ev = T RL
Thus, the ideal power can be expressed as

2
P =E -1 £

a v (Rb + Rd + RL)Z

AL

where Rb + Rd = RL = IR , total resistance without wattmeter inserted.

Then
2
2
. Lo L(ﬁ) F.1)

« s 8 R AR

B. Indicated Power in Wattmeter (Circuit B)

In this case, there is a reactance component in the wattmeter cir-
cuit. Considering the potential supplied at the variac with phase angle
at 0 , we can calculate the Ia and Ev , and then power can be calcu-
lated as lEvl . IIal cos 06 . © is the angle between E, and L

The total impedance in the circuit is

R (R, +R,+R +3 X)

ZZ = + - (F.2)
LS R +R +R,+R +3X
where Jj = / -1 . Now, Ev can be calculated as
Iz - Rb
Ev - ET (F.3)

Since Ev 1is known Ia can be calculated in the load circuit as
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E
v

a Rh + Rd + RL + J Xa

(F.4)

Thus, the measured power will be
2
P, = [Evl . coaO/IRa+Rd+RL+an[

Since the phase difference between Ev and Ia i8 due to the impedance
(Ra + Rd + RL + jxa) » We can express cosf as

R_+R, +
cogh = a d RL (F.5)

IRa+Rd+RL+an|

Combining Equations (F.3), (F¥.4) and (F.5), Pi is obtained as

2

g2 |2z - Rbl
1 R |zz|2 IR, + R, + R+ xal2

Now

2
2 IRa+Rd+RL+an|

2
|2z - R |" = R )
le+Ra+Rd+RL+j xa[
2
. _Ei R, R (R +R; +R) #.6)
1 R |zz|2|Rv+Ra+Rd+&L+j xal2

C. Power Correction Factor

")

P = KP = P (F.7)
a

i

R
| o)
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2 2 2
K-E- R |2z ] IRV_+_R§:Rd+RL+an|
By @®? RZR (R + R, +R)

© By working out this algebra, we obtain

2 2
1+Ra+Rd+R.L) N (fﬁ)
(ZR)2+X§ Ry R,
R+ Ry

AL

K =
-2
(ZR) 1+

with

. +Rv(Ra+Rd+RL)
R R, +R_+ R, + R

z

This was incorporated into the data reduction program.
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APPENDIX G

'CALIBRATION OF HEAT FLUX METERS

The following procedure was used for calibrating the heat flux
meters. This is to account for the small temperature difference between
the adjacent plates and also to calculate the flow direction conductance

between the two adjacent plates.

CALIBRATION HEATER

ey T Tin
| S l Si |
- - p — COPPER
-1 E - =t PLATES
T HEAT
‘ FLUX
\ METER
L

Figure G.1 Copper plate with heat flux meter in calibration mode.

We can write down the energy balance equation for the ith plate.
Power supplied = (heat conducted down through the heat flux meter) +
(heat conducted to the two adjacent plates). By dividing this equation
by the heat transfer area on the test surface, we can directly form the

equation on the heat flux basis.

a1t = - -
9y Ry HF, + 8 3 (T=Ty ) + 55 (Ty-Ty ) (6.1)
where &; is the heat flux on the ith plate. Ki is corrected for
temperature dependence, as suggested by the manufacturer,
Ki = Ko,i 1+ (Ti - 80)/700) (G.2)

Ti is the ith plate temperature, HF, the heat flux signal in MV ,

tn

and Si the conductance between the 1 and i+l the plate. Then
our purpose is to calculate Ko i and Si from this calibration.
H
The calibration heater has three heaters; the center heater which

supplies the heat to ith plate is instrumented to measure the power
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supplied within the accuracy of +1Z ; the other two heaters act as guard
heaters and can be turned off independently for calibration purpose.
Then we can operate in three different modes: the first mode has all
the heaters on with approximately the same power; the second mode has
one of the guard heaters off; and in the third mode both of the guard
heaters are off. Then we can write the energy balance equation on the
ith plate for three different modes considering the temperature compen-

sation on the Ki .

«uF - F F
4 Ko,i(l + (Ti 80)/700) HFi
F F F F
+ Si-I(Ti - Ti—l) + Si(Ti - Ti+1) (G.3a)
s 1S = S - S
Qi K, 4 (1 + (T;" - 80)/700) HF,
S S S S
+ 8 g (Ty7 = TyZp) + 8, (T - T (G. 3b)
sl T _ T
a Ko,i(I + (Ti 80)/700) HFi
T T T T
+ si—].(Ti - Ti—l) + Si(Ti - Ti+l) (G.3¢)

where superscripts, F , S and T , denote the different modes of measure-
ment. If for each mode, %’Ti’%ﬂ’Tbl’de% are measured,

the above three equations can be solved for three umknowns: K i Si—l R

0O,
and Si + A small computer program was written to solve these equations
for Ko 1 Si—l » and Si . The above mentioned three modes make the
H]

determinant of the above equations diagonally dominant, which prevents
the singular behavior in the solution process. This program directly

uses Kramer's rule.

The power to the two guard heaters is from AC variac, and the central

heater is powered by the controlled DC power. The Weston precision volt-
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meter and ammeter are used to measure the DC power. Both the ammeter
and voltmeter are accurate to 1/2% of tﬁe full scale. The DC ammeter
and voltmeter remained in the circuit and the extra resistance beside
the heater is considered to calculate the true power delivered to the
plate. All these are incorporated into the above computer program.
The flow direction conductances of the two end plates on the blowing
section were determined as part of this procedure.
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APPENDIX H

AN EXACT SOLUTION OF LAMINAR SUBLAYER EQUATION

In evaluating the wall shear stress and the wail heat flux from the
numefical solution of the boundary layer equations, one accurate and con-
venient way is to uée the laminar sublayer equations in non~dimensional
form and to compare this solution with the numerically obtained solution
(see Reference 10).

The values of y and u , along with the viscosity, are given from
the numérical solution at a point nearest to the wall (inside the laminar
sublayer). Then, using the fact that

T e, 8§ - Y
the wall shear stress (or y+ ) can be calculated.

In the case of the flat plate, u+ - y+ , and

<+
y , Rew
From the definition of y+ » the wall shear stress can be calculated.

However, if we have the pressure gradient or wall mass transfer, the

problem is not that simple, because

o1 -yt

©hH?

u+ = y+ + (G+ + P+) =

and we havé to solve the transcendental equation.
The STAN program [61] obtains the approximate solution with the

successive substitution:

. ¢ Rew
+
+ Y1
Yo %
¥+, ++
N/ 1+G Yy + P v,
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+
Y2

+
yq =

- ++ .+ +

~/1+Gy2+Py2

From thé’iﬁitiai'gﬁeés,'it does two iterations. This turned out to be

satisfactory for most of the transpiration cooling problem, because G

is normally less than 0.1~ 0.2 and P is much less than G In

the case of discrete hole blowing, ¢t 1s much ‘higher than in the trana—

piration cooling. And at G+ = 1.0 , the above scheme introduces con-

siderable error. Thus the exact solution of the following equation is

required.

Gyt o1 - 6Nyt

G+

u+Y+ = Re = Y+2 +y @+ 2

Let f(y+) = u+y+ - Rew , then the problem becomes how to find the zero
in £GH).
Using the Newton-Raphson method, we can have the following algorithm

to get the exact solution numerically.

£ (1Y)

+ . _
MGV AN CYS DR 4K CLPNINY)

About 4 v 5 iteration, y+ comes to the exact solution within
10-3 in most cases. The addition of this procedure does not change the
total computation time appreciably. If we obtain y+ » We can also solve

for h » because we know the laminar sublayer solution for h in terms

of y .
+
dh+ + o+ + + + Y + d +
S5 = Pr(1+Gh +S'y +c4xf udy)+C3u £
dy o dy
where
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The C3 and C4

sipation and body force work. S+ represents the other source terms for

terms represent the energy source due to viscous dis-

the energy equation. The exact solution for h+ becomes rather involved,
with all the source terms present. In case all the source terms are
absent, h+ becomes

6y’ - 1.0

G+

ht -

+ .
Once h 1is obtained, qg can be obtained from the definition of h+ .
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APPENDIX I

LINEARIZED SOLUTION FOR DISCRETE HOLE BLOWING
UNDER AN IDEALIZED CONDITION
This analysis is done to give some insight into the terms 453_;,
which appear in Chapter IV. This was not intended to give a quantitative
estimation of the 455 . It folléws the analysis‘done by Saéger-and”
Reynolds [IQI], sﬁecialized for the standing wave. The following aséump-

tions are made:
1. Low speed, Ma << 1.0
2. Constant property, constant density

3. Small perturbation, which allows the linearization of the

governing equation

4. The discrete hole pattern is periodic in the z-~direction and
in the x-direction. This assumption, combined with the lineari-
zation, makes Fourier expansion of the discrete hole blowing in

the x~- and z-direction as a standing wave.

5. Also, for the purpose of this analysis, the y- and z-component
mean velocities were assumed zero and constant, and the x-com
ponent mean velocity was assumed to be a function of only the

y-coordinate.

6. Quasi-laminar assumption was used to account for the turbulent

correlation terms.
For the perturbation properties, the following expansion is used.

u = mz:-oo ng-oo Un‘l'n. ei(mx ¥ néa) (L.1)

where o= 7/L , and B8 = 2n/P .
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Similar expansions for ¥ , € , § can be used, and using the linear-
ized perturbation equations, the following equations were obtained from

continuity, momentum, and energy equations.

:l.m(!.um’n + Dvm,n + ianm,n = 0 | (1.2)
/ 2 22 2.2
/ imc:tUum’n + VoD“m,n + vm’nDU mapm’n + vT(D -m o -n B )um,n (I.3)
2 22 2.2
o+ B - - an
:Lmov,Uvm’n VoDvm’n me,n + \)T(D m o -n B )vm,n (I.4)
2 22 2,2
imozU‘-rm,n + Vv Dwm,n ianm,n + \)T(D -m- o -n"B )Wm,n (1.5)
_ 2 22 2.2
imaUtm,n + V()Dt'.m’n = kT(D m o -n B )tm,n (1.6)
where D denotes (d/dy) .
If the solutlons for u » V , and ¢t are obtained, —ﬁ
— m,n m,n m,n

and -uv can be expressed as
[e 2]

-uv = - u v
m==-o A5—° m,n -m,-n

Ttvo= - m;-w ;—w tm,n ) v—m,—n

A. Near the Wall

Now, to simplify the algebra near the wall, the following additional

assumptions are made.
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8. The conduction or diffusion in the y-direction is negligible:

because the jets are directed in the y—~-direction.

To simplify the notat;on, all the subscripts will be deleted for the per-
turbation equations, and mo and nf will be réplaced by simply o and
B . This will give the following simpler equations.

ifqu + Dv + 1fw = 0 N @)

iolu + vDU = ~1op - v (o + 8Hu | (1.8)
2 2
iolUv = -Dp =~ VT(a + B)v (1.9)
2 2
iolw = ~1Bp -vT(a + 87w (1.10)
2 2
10Ut + vDT = —kT(a + Bt (1.11)
First t can be solved in terms of v . From (I.1ll),
t = Y DT (1.12)

) kT(a?' + 8% + 1aU

Equations (I.7) to (I.10) were combined to eliminate p and w and

then u can be solved as a function of v

8%/ (% + 8% v ‘o
u = - — DU + —~—— Dv (1.13)

\),1,(0t2 + Bz) + iaU u.2 + 82

and also the equation for v can be derived as

ia "

+ B7) + 1iaU

Dzv - (a2 +32) + 3
vT(a
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where ( )'ZD.

From (I.12) and (I.13), the following expressions are obtained:

o~ fé 3 vm n v m, =N
- = ' 2 —m,=
v = T e de 22 . 22
kT(ma + n“R) + imgU
—_— - v v 2,2
5% = U m,n -m,-n n B
m=me n=—°°\),r(m2a2 + nZBZ) + ImaU m2a2 + n232
& =) ima(Dv_ v
+ m,n° -m,-n
m=—0 [=S—oo 2 2 2 2

mo =+ na

By solving Equation (I.l4), we can evaluate (-333 and (-uv) terms ideally.
The expression for the J%% term shows that it has a multiplification
factor T' , and the summation term which is independent of the mean tem—
perature field. vm’n . v—m,-n will be positive because v 1is an even
function in the z-~ and x-directions. This indiciates that the summation
term will be positive. The same argument can be applied to the first
term in (;53).

To simplify the expression for ;55 , the following algebralic manipu-
lation was done by using Equation (I.14):

a 0 o :Lmoz(DvE’}l)v__m’_n
&y L & T 22 02

2.2

v
~M,=~n m QO

n
+ n262) + imaU m2a2 + n282

o) =) v
m,
- U" mz_w Z 5

n=-—°0° 2
vT(m o
Using these results, we obtain
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I

E_(tV) = _:y (e, —g;' (I.15)
— de
d , == d du 1l du
dy( uv) dy ‘*M @y’ T dy dy (1.16)
where
- m,n -~m,-n
ey IX

kT(m2a2 + n282) 4+ imaU

v v
m,n -m,-n

e, = IL

M vTﬁmzaz + n282) + 1imaU
- Z mza2 vm,n vﬂ,-n
e "X 273 2.2 2 2

ma +nB vT(m a” + n282) + imqU

The reason that ey > €y » and e, are taken as real is because -tv

and -uv must be real. Also, as we have discussed earlier, € s ey s

, must be positive numbers. The forms given in Equations (I.15)

and (I.16) merely confirm that -tv and -UV can be treated as shear

and e

stress or heat flux and that mixing length type formulations can be used

for their modeling near the wall.

B. Near the Free Stream

Near the free stream, U can be approximated as U, » and the dif-
fusion or conduction terms can be neglected. These assumptions lead

Equations (I.7) to (I.11l) to

iou + Dv + 1w = O (1.17)
ioU u = -iap (1.18)
1aU v = -Dp (1.19)
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iaUw = -1iBp (1.20)

Eliminating w and p , we obtain for u and v,

2y - @2 +8Hv = 0 (1.21)

and

D2u- (@2 +8Hu = 0 (1.22)

- {az + Bz}y
Thus, u and v must have solutions of the type e

2, 2,2

e-2{m2a +n“B }y

W = ZZ um’n(o)v_m’_n(o)

This suggests that -uv (and -tv) will damp out toward the free stream,
and that for this particular solution the value of -lzl.;- should not be.

zerc at the wall.
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