NASA Contractor Report 189585

Studies of Shock/Shock Interaction on
Smooth and Transpiration-Cooled
Hemispherical Nosetips in Hypersonic Flow

Michael S. Holden
Kathleen M. Rodriguez

CALSPAN ADVANCED TECHNOLOGY CENTER
Buffalo, New York 14225

LOCKHEED ADVANCED DEVELOPMENT COMPANY
Sunland, California 91041

Contract NAS1-18570 - Task 4
April 1992

(NASA-(CR-139585) STUNI®ES gF
SHUGCK/SHOCK INTERACTINN SN SMOLTH
AMG TRANSPIRATIAN-COULEN
HEMISPHERICAL NOSETIPS IN

HY?ERSUNIC FL2%  (Lockheed Advanced
vevelopment Co.) 29g 9]

National Aeronautics and
Space Administration

G3/234

Langley Research Center
Hampton, Virginia 23665-5225

N32-3332¢4

Unclas

0116908






Abstract

A program of experimental research and analysis has been conducted to examine the heat transfer
and pressure distributions in regions of shock/shock interaction over smooth and transpiration—-cooled
hemispherical noseshapes. The objective of this investigation was to determine whether the large heat
transfer generated in regions of shock/shock interaction can be reduced by transpiration cooling. The
experimental program was conducted at Mach numbers of 12 to 16 in the Calspan 48-Inch Shock Tun-
nel. Type Il and type IV interaction regions were generated for a range of freestream unit Reynolds
numbers to provide shear layer Reynolds numbers from 104 to 108 to enable both laminar and turbulent
interaction regions to be studied. Shock/shock interactions were investigated on a smooth hemispherical
nosetip and a similar transpiration-cooled nosetip, with the latter configuration being examined for a
range of surface blowing rates up to one-third of the freestream mass flux. While the heat transfer meas-
urements on the smooth hemisphere without shock/shock interaction were in good agreement with Fay-
Riddell predictions, those on the transpiration-cooled nosetip indicated that its intrinsic roughness caused
heating-enhancement factors of over 1.5. In the shock/shock interaction studies on the smooth nosetip,
detailed heat transfer and pressure measurements were obtained to map the variation of the distributions
with shock-impingement position for a range of type III and type 1V interactions. Such sets of measure-
ments were obtained for a range of unit Reynolds numbers and Mach numbers to obtain both laminar and
turbulent interactions. The measurements indicated that shear layer transition had a significant influence
on the heating rates for the type 1V interaction as well as the anticipated large effects on type III interac-
tion heating. In the absence of blowing, the peak heating in the type II1 and type IV interaction regions,
over the transpiration-cooled model, did not appear to be influenced by the model’s rough surface char-
acteristics. The studies of the effects of transpiration cooling on type III and type IV shock/shock interac-
tion regions demonstrated that large surface blowing rates had significant effect on the structure of the
flowfield, enlarging the shock layer and moving the region of peak-heating interaction around the body.
However, despite a reduction in the total heating rate, the peak heating was reduced by less than 10
percent for coolant flow rates as large as 30 percent of the freestream mass flux.
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Nomenclature

AB Model Configuration Parameters, Tables 1 and 3 and Figure 9
a Speed of Sound

Ch q/(exUx(Ho - Hy)), Stanton Number

Cp Pressure Coefficient, Equation 10

Cp Specific Heat at Constant Pressure

D Diameter of Cylinder

H Total Enthalpy

¢ Characteristic Dimension

lst Length of Shear Layer, Figure 3

M Mach Number

M; Incident Mach Number

Mg, Shear Layer Mach Number, Figure 3 (Reference 3)
p Static Pressure

po’ Pitot Pressure

PO Triple Shock Point, Figure 2

q Heat Transfer Rate

9w Dynamic Pressure

qFR Fay-Riddell Heat Transfer Rate, Reference 17

R Reattachment Point, Figure 2

R Gas Constant (=1717.91 ft-Ib/slug/°R)

r Radial Position on Hemisphere Model

Re Ut/v, Reynolds Number

Regy. Shear Layer Reynolds Number, Figure 3 (Reference 3)
S.G. Shock Generator

T Temperature

Tw Initial Model Surface Temperature, Table 2

TC Test Condition

U Velocity

Ve Coolant Velocity

GREEK SYMBOLS



a Reattachment Angle

Specific Heat Ratio (~1.4)

Al Width of Shear Layer, Figure 1
OsL Width of Shear Layer
0 Angular (Azimuthal) Position on Hemisphere Model Relative to Stagnation Point
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u Viscosity
v Kinematic Viscositly
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SUBSCRIPTS
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6,7,8 Regions in Type [1I and Type IV Interactions as Illustrated by Figures 1 and 2
aw Adiabatic Wall Value
4 Coolant
D Diameter
FR Fay-Riddell Value, Reference 17
i Incident
IDEAL Ideal Value
J/ Perfect
peak Peak Value
REAL Real Value
SL Shear Layer Value
stag At Stagnation Region
trans Transition Value
w Wall Value
oo Freestream Value



Section 1
INTRODUCTION

The large aerothermal loads generated in regions of shock/shock interaction remain one of the key
problems associated with the design of airbreathing hypersonic vehicles. At hypersonic speeds, the heat
transfer to the lip of an engine cowl, with the compression ramp shocks focused upon it, can exceed the
normal stagnation values by factors of between 20 and 50 under continuum conditions. Such heating loads
make it mandatory that some form of cooling technique be employed. Generally, an active cooling system
is preferred to an ablative system; however, the large heating levels may preclude the use of backface-
cooling techniques. Therefore, transpiration cooling was anticipated to represent the most effective tech-
nique to alleviate cowl! heating in the presence of shock/shock interaction heating.

The two types of shock/shock interaction that generate the largest heating loads were defined by
Edney (Reference 1) as type III and type IV interactions. Shown schematically in Figure 1, the type IV
interaction is one in which a jet comprising a series of compression and expansion waves efficiently com-
presses the freestream gas. This jet, preceded and bounded by shear layers, is terminated by a normal
shock just ahead of the surface to produce what is, effectively, a very narrow stagnation region. To predict
the heating loads in this region, Edney modeled this region as a stagnation region on a body with an
effectively smaller nose radius, obtaining the expression shown in Figure 1. For flows in which the shear
layer upstream of the jet is transitional, the heating levels for the type IV interaction can be increased by
radiated noise, as discussed in Reference 2. In the type Il interaction (Figure 2), where the shear layer is
directly incident on the model surface, the heating levels in the attachment region are significantly in-
creased when transition occurs in the shear layer. Consequently, in predicting the heating loads in these
flows, it is essential to establish a transition criterion of the type shown in Figure 3 (Reference 3), where
the Reynolds number based on the shear layer length and adjacent flow properties is plotted versus effec-
tive shear layer Mach number. Generally, for shear layer Reynolds numbers below 5x104, the shear layer
should remain laminar; for shear layer Reynolds numbers above 5x105, a turbulent flow may be expected.
The exact Reynolds number at which shear layer transition will occur will, of course, also depend upon the
disturbances that are radiated from upstream surfaces of the vehicle and those present in the freestream.

During the past two decades, a significant number of studies have been conducted to investigate the
aerothermal loads generated in regions of shock/shock interaction. A recent review of these studies, as
well as an extensive set of heat transfer and pressure measurements in regions of shock/shock interaction
at Mach numbers from 6 to 18, is presented by Holden et al. in Reference 2. Comparisons between the
peak heat transfer and pressure measurements on cylindrical leading edges made in these studies with the
simple prediction techniques devised by Edney (Reference 1) and Keyes and Hains (Reference 4) showed
general agreement. However, these studies suggest that it is necessary to understand the role of the distur-
bances generated by shear layer turbulence, and the influence of viscous effects on jet structure, to better
predict these flows. The heating levels predicted by these semiempirical techniques are capable of bound-
ing the levels of heating generated by laminar and turbulent type III interactions. However, for flows
where the viscous region occupies an extensive part of the shock layer, the compression and heating
mechanisms may be significantly modified. Within the past several years, both the finite-difference and
the finite~element techniques have been employed to obtain solutions to the Navier-Stokes equations for
regions of shock/shock interaction. An adequate solution for these types of flows requires a careful and
detailed gridding of the flowfield in the jet or shear layer region between the shock intersection point and



the body. Once again, an accurate solution for flows with shear layer transition depends on correctly
describing the transitional and turbulent flow structures of the shear layer and the radiated noise effects on
type IV heating or reattachment characteristics for type III flows.

Controlling the heating loads generated by shock/shock interaction on the small-radius cowl lip of a
hypersonic scramjet engine represents a formidable and, as yet, unresolved problem. The use of ablative
materials has been one of the most effective proven ways of controlling the stagnation point heating loads
associated with sustained hypersonic flight. However, the ablation products can be inconsistent with an
airbreathing propulsion system and clearly involve the refurbishment of the cowl lip. While backface
cooling represents an ideal technique, it is not known if it could be applied to such large heating loads and
has yet to be proven in hypersonic flight. Transpiration cooling has been used successfully on hypersonic
re—entry vehicles and, in principle, represents the most practical way of handling the large heating loads.
However, here, the large unknown is whether the region of high momentum generated by the jet will
essentially cut through the low-momentum coolant layer or the shear layer scouring the cooling layer from
the surface. A transpiration-cooled nosetip, designed by Aerojet employing its platelet technology in a slot
cooling configuration, was used successfully in flight tests of ballistic re—entry vehicles. This model (Refer-
ence 5) was used with a gaseous injectant in shock tunnel studies of cooling effectiveness. In the absence
of a coolant, the discontinuous nature of the surface produced an effective roughness that resulted in
heating rates up to 60 percent more than those of a smooth model of the same geometry (Reference 5).
For the lower blowing rates, the boundary layer in the stagnation region was apparently tripped by the
injectant, and this also resulted in increased heating. Thus, the introduction of shock/shock interaction
causes a significant complication to an already complex situation. Clearly, the effectiveness of transpira-
tion cooling in reducing the heating loads developed by a transitional shock/shock interaction can be
addressed only by an experimental program. Although a cylindrical transpiration—cooled leading edge
would more closely simulate the cowl heating configuration, we believe that experiments with an existing
hemispherical configuration should provide a clear indication of the phenomenology of importance in
shock/shock interaction on transpiration—cooled leading edges.

In this report, we present the results of two studies to investigate the aerothermal loads generated in
shock/shock interaction regions over hemispherical nosetips. First, in the following section, we describe
the objective and design of the experimental program. The test facility is then described, and the condi-
tions selected for the experimental studies are discussed and tabulated. The two models used for these
studies, and the instrumentation installed in them, are described. We then discuss the results of the
experimental studies. First, measurements on the two models in the absence of shock/shock interaction
are presented to define the effects on'the basic heating levels of the surface roughness of the transpira-
tion-cooled model. We next present measurements on the smooth hemispherical nosetip for laminar and
turbulent interaction regions at Mach numbers from 12 to 16. These are compared with measurements
first presented in Reference 6, where the effects of transpiration cooling on the interaction-induced heat-
ing were investigated. The set of measurements to investigate Mach number and Reynolds number effects
for type III and type IV interactions over the smooth configuration is then presented and discussed.
Measurements of shock/shock interaction heating on the transpiration—-cooled nosetip are next pre-
sented—first, for interactions in the absence of blowing; then, for a series of blowing levels—each for a
range of Mach number and Reynolds number conditions. The measurements for each set of studies are
compared with each other and with the predictions from the simple Edney/Keyes and Hains models. The
conclusions from all of these studies are then presented.



Section 2
EXPERIMENTAL PROGRAM

2.1 PROGRAM OBJECTIVES AND DESIGN

The objective of the present studies was to provide detailed pressure and heat transfer measurements
as well as schlieren photographs to define the structure and properties of regions of shock/shock interac-
tion on smooth and transpiration-cooled nosetips at Mach numbers from 12 to 16. The empbhasis in these
studies was placed on type III and type IV interactions, for these provide the largest aerothermal loads.
Studies were performed over a range of Reynolds numbers to explore the effects of transition on the
heating rates. Measurements were also performed for fully laminar conditions to provide a data set that
could be compared with theory without transition or turbulence modeling problems.

The first set of studies explored the aerothermal characteristics of the interaction between a planar
shock and the shock layer of a smooth hemispherical nosetip. The primary objective of these studies was
to investigate the effects of Mach number and Reynolds number on the magnitude and distribution of
heating caused by type III and type 1V shock/shock interaction for laminar and turbulent flows. The
Mach number and Reynolds number in the shock layer adjacent to the shear layer are believed to be the
most important parameters controlling transition of the shear layer, which, in turn, is controlled by the
Mach number and Reynolds number of the freestream and interaction geometry. Measurements at Mach
12 were made for Reynolds numbers large enough (o ensure generation of turbulent shear layers by the
shock/shock interactions. The majority of the studies at Mach numbers from 12 to 16 were conducted for
Reynolds numbers where the shear layers were determined to be fully laminar, based on observations of
the measured heat transfer rates to the model surface.

The second series of studies investigated the aerothermal loads associated with the impingement of a
weak, planar shock in the vicinity of the stagnation region of a transpiration—cooled hemispherical nosetip.
The objective was to determine whether the heating levels generated by the interactions could be reduced
by transpiration cooling. This investigation arose from questions as to whether transpiration cooling would
be capable of diverting the strong momentum field generated by a type III and type 1V interaction such
that the aerothermal loads could be significantly reduced. Because of the large pressures anticipated in the
peak interaction region, the experiment was designed so that the plenum pressure, which fed the slots in
the model surface, was at least 20 times the freestream pitot pressure. This assured that fluid was being
issued from the slots in the model unaltered by the presence of the interaction.

A number of key problems must be solved before a meaningful experimental study of shock/shock
interaction at hypersonic speeds can be conducted. First, a blockage—free flow between the shock genera-
tor and the cylinder must be obtained while, at the same time, preventing expansion at the trailing edge of
the shock generator from influencing the shock/shock interaction. These constraints required the use of a
shock generator 60 inches in length and 18 inches in width, with various nosetip geometries, to obtain
two-dimensional flow over the centerline of the model. Large experimental facilities are required for such
experimental studies. We designed models with shock-generator angles of 10° based on Edney’s predic-
tion (Reference 1), to provide large interference-heating enhancement over the range of test conditions.



2.2 EXPERIMENTAL FACILITIES AND TEST CONDITIONS
2.2.1 Experimental Facilities

The experimental studies were conducted in Calspan’s 48-Inch Shock Tunnel at Mach numbers of 12
to 16. The facility and its performance characteristics are described in Reference 7. The freestream condi-
tions at which the current experimental program was conducted are plotted on the map of Mach number
versus unit Reynolds number shown in Figure 4a. At Mach 12, the maximum Reynolds numbers were
sufficiently large that the interactions generated transitional to turbulent shear layers. Completely laminar
interactions were obtained under low Reynolds numbers at Mach numbers of 12 and 16.

The shock tunnel is basically a “blowdown tunnel” with a shock compression heater. The operation of
the shock tunnel in the reflected—shock mode is shown with the aid of the wave diagram in Figure 4b. The
wunnel is started by rupturing a double diaphragm, permitting high—pressure helium in the driver section to
expand into the driven section. This generates a normal shock, which propagates through the low-
pressure air. A region of high-temperature, high-pressure air is produced between this normal-shock
front and the gas interface (often referred to as the contact surface) between the driver and driven gases.
When the primary or incident shock strikes the end of the driven section, it is reflected, leaving a region
of almost stationary, high-pressure, heated air. This air is then expanded through a nozzle to the desired
freestream conditions in the test section.

The duration of the flow in the test section is controlled by the interactions between the reflected
shock, the gas interface, and the leading expansion wave generated by the non-stationary expansion
process occurring in the driver section. We normally control the initial conditions of the gases in the driver
and driven sections so that the gas interface becomes transparent to the reflected shock interaction. This
is known as operating under “tailored-interface” conditions. Under these conditions, the test time is
controlled by the time taken for the driver/driven interface to reach the throat, or for the leading expan-
sion wave to deplete the reservoir of pressure behind the reflected shock. The flow duration is, therefore,
either driver-gas-limited or expansion-limited. Figure 4c shows the flow duration in the test section as a
function of the Mach number of the incident shock. In the current program, we obtained flow durations
of 6 to 10 milliseconds.

2.2.2 Evaluation Of Test Conditions

The stagnation and freestream test conditions were determined based on measurements of the inci-
dent-shock-wave speed, Uj, the initial temperature of the test gas (in the driven tube), Ty, the initial
pressure of the test gas, Pi, and the pressure behind the reflected shock wave, Po- We calculated the
incident-shock-wave Mach number, M; = U;/a;, where the speed of sound, a;, is a function of p; and
T, The freestream Mach number, M., was determined from correlations of M, with M; and p, . These
correlations were based on previous airflow calibrations of the “D” nozzle used.

Freestream test conditions of pressure, temperature, Reynolds number, etc., were computed based on
isentropic expansion of the test gas from the conditions behind the reflected shock wave to the freestream
Mach number. Real gas effects were taken into account for this expansion under the justified assumption
that the gas was in thermochemical equilibrium. In the freestream, the static temperature, T. , was suffi-
ciently low that the ideal gas equation of state, p. = @RT. was applicable, where R is the gas constant for
the test gas.



The stagnation enthalpy, Hy, and temperature, 75, of the gas behind the reflected shock wave

(shown as region 4 in Figure 4b) were calculated {rom:

Ho= (H4/H)H, and Ty = (To/Ty) T, (1)
where (H,/H,) and (T4/T;) are [unctions of U; (or M;) and p, and are given in Reference 8 for air. H,
was obtained from Reference 9 for air, knowing P and 7).

The freestream static temperature was found from the energy equation, knowing , and M.,

r i(__l_)
T e 1+——(";1)M3 @

where ¢, = 6006 ft-lb/slug/R°® and y = 1.40.

The freestream static pressure was calculated from

b =LP0(1 -1 Mg) G 3)
Pp 2

P _ Pa/Po)REAL

Pp (Pe/Po)IDEAL )

where

is the real gas correction to the ideal gas static-to-total pressure ratio as described in Reference 10. The

sources for the real gas data used in this technique are References 11 and 12.

The freestream velocity was determined from

U =M.a. (%)

where e = |yRT. , (6)

the speed of sound.

The freestream dynamic pressure was found from
qw = 1/2ypuM2 (7
and the freestream density then was calculated from the ideal gas equation of state
0, =Pe/RT (8)

where B = 1717.91 ft-lb/slug/R® for air. Values of the absolute viscosity, u, used to compute the

freestream Reynolds number per oot were obtained using the technique described in Reference 8.



The test—section pitot pressure, pg’, was determined from g. and the ratio (p,'/q,). This ratio has
been correlated as a function of M, and Hy for normal-shock waves in air in thermodynamic equilibrium.

For the test conditions at which our studies were conducted, the uncertainty in pitot-pressure meas-
urements from errors in calibration and recording is +2.5%. The reservoir pressure can be measured with
an uncertainty of +2.0%, and the total enthalpy (H,) can be determined from the driven~tube pressure
and the incident-shock Mach number with an uncertainty of +1.5%. These measurements combine to
yield an uncertainty in the Mach number and dynamic pressure measurements of +0.8% and +3.5%,
respectively.

2.2.3 Smooth and Transpiration-Cooled Hemispherical Nosetips

The smooth hemispherical model shown in Figure 5 was used in an earlier study (Reference 13) and
was recently modified for this program. A unique mode! coordinate system (Figure 6) was used in this
program. The gages were all positioned on the surface of the hemisphere, on a plane containing a vertical
diameter parallel to the freestream flow. Those above a horizontal radius were given the designation of
+8 ; those below, -6 . The smooth hemispherical model was instrumented with heat transfer gages in the
stagnation region and along the ¢ = 0°, 180° plane (Figure 7), with the interaction region (azimuthal
position, 8, between 22° and 40°) highly instrumented. Midway through the study, a 10° wedge was
mounted behind the nosetip to pivot the highly instrumented region to an azimuthal position of 12° to 30°
(Figure 8). Refer to Table 5 for tabular listings of gage positions for the smooth hemisphere. Figure 9
shows the experimental configuration used for both the smooth and transpiration~cooled nosetips.

The hemispherical transpiration-cooled model was developed previously and is described in Refer-
ence 14. The transpiration model (Figures 10 and 11) contains discrete circumferential slots. (The slots
are also called pods in Reference 15.) The slots were machined in the model in the direction parallel to
the axis of symmetry of the model. Thus, coolant flow exits the end of a slot in the direction parallel to the
axis of the model and not normal to the model’s surface. (All slots were machined to a nominal depth of
0.125 inch.) The slots are arranged in a spiral patiern to promote uniform coolant distribution as the
transpired coolant spreads over the model surface. The length, width, and spacing of the slots vary with
angular position, 6, on the surface. At all 8 positions, all slots are 0.040 inch apart in the circumferential
direction. (See Figure 12a.) The dimensions shown in Figure 12b are those at about § = -21°. Coolant
was fed to each slot through two or three sonic orifices (depending on slot length) at the base of the slot.
The transpiration surface extends 1o # = £50.2° and is formed by discrete slots separated by distinct land
(solid) areas. This type of surface is more complex 10 manufacture than sintered surfaces, such as used in
the experiments reported by Kaattari (Reference 5). However, a slotted surface has the advantage of
more precise coolant flow control through internal sonic orifices, and the availability of the land areas for
placement of heat-flux instrumentation. Refer to Figure 13 for the instrumentation schematic diagram and
to Table 6 for the tabular listings of gage positions for the transpiration-cooled hemisphere.

The model has eight independent concentric transpiration zones, and the helium coolant was applied
from eight separately manifolded supply bottles mounted outside the tunnel. For the present experiments,
the coolant mass flux was the same for each zone. Eight fast-acting valves were mounted directly behind
the model, and the coolant flow was fully established before freestream tunnel flow reached the model;
this required about 22 milliseconds. The pressures in the supply bottles were measured before the valves
were open, and after the valves were closed when the bottles became equilibrated back to room tempera-
ture. This pressure drop in each bottle, of known volume, for a known time was used to calculate the



coolant flow rate. Helium-coolant mass flux (flow rate per unit area), g¢v. , was obtained by dividing the
total coolant flow rate from all eight bottles by the total transpiration surface area (slot plus land areas).
The transpiration surface area used was the area projected on a plane normal to the model centerline.
Freestream mass flux is noted as ¢.U.. The surface has an average porosity of 0.28 (ratio of total slot exit
area to total projected surface area up to 8 = +50.2°). Additional details of the model can be found in
Reference 15.

2.2.4 Model-Support and Shock-Generator System

The model was sting mounted above the centerline to accommodate the 60-inch-long flat-plate
shock generator. The model-support and shock-generator assembly was positioned to assure that the
shock/shock-interference flowfield could be viewed through the schlieren windows of the shock tunnel's
Lest section. For a majority of the studies, the shock generator had a 0.3125-inch-radius leading edge to
raise the incident shock with respect to the shock generator and, thus, prevent trailing-edge expansion-
fan interference in the region of interest on the hemisphere. Flat and 0.3750-inch-radius leading edges
were also used. For all experiments with an incident shock, the shock generator was inclined at an angle
of 10° to the freestream. The shock/shock-intersection point was adjusted by vertically moving either the
model or the shock generator, or both.

2.2.5 Heat Transfer Instrumentation

The large heat transfer gradients generated in the interaction regions on the hemisphere can be signifi-
cantly distorted by lateral heat conduction unless the heat transfer instrumentation is mounted on a sur-
face of low thermal conductivity. Because our platinum thin-film gages are mounted on a Pyrex substrate,
they are well suited for this application. However, with heating rates up to 500 Btu/ft2/sec, the rise in
surface temperature during the shock tunnel’s short run times can also lead to problems with data analysis
and interpretation.

For the transpiration-cooled nosetip, the platinum films were deposited on a rectangular substrate.
These gages were mounted at the midpoint of the land areas, centered between the slots and as close as
possible to the plane ¢ = 0°, 180°. These gages have a frequency response of 1 MHz and, therefore, can
easily follow the instabilities occurring in shock/shock—interaction regions. Refer to Figure 13 and Table 6
for a diagram and a tabulation of gage positions.

The smooth hemispherical nosetip utilized both 0.125-inch-diameter button heat transfer gages and a
Pyrex insert or “ladderstrip” that contained 44 gages with spacings of 0.040 and 0.020 inch. The use of a
continuous, nonconducting surface in the region of peak heat transfer levels and gradients minimized
lateral conduction effects. Refer to Figure 7 and Table S for a schematic diagram and a tabulation of gage
positions.

Thin-film gages have been used extensively at Calspan and elsewhere to detect transition. The tran-
sient response of these gages is such that they can detect turbulent bursts that occur in transitional bound-
ary layers and the unsteady nature of the heat transfer beneath turbulent boundary layers. Thus, this
measurement technique provides an excellent method of determining the nature of the boundary layer at
the attachment point of the jet on the hemispherical model.

The thin-film heat transfer gage is a resistance thermometer that reacts to the local surface tempera-
ture of the model. The first step of the data reduction was to convert the measured voltage time history for
each gage Lo a temperature (ime history, taking into account the gage resistance, the current through the



gage, the gage calibration factor, and the amplifier gain. The theory of heat conduction was used to relate
the surface temperature to the rate of heat transfer. The platinum resistance element has negligible heat
capacity and, hence, negligible effect on the Pyrex-substrate surface temperature. The substrate can be
characterized as being homogeneous and isotropic. Furthermore, because of the short duration of a shock
unnel test, the substrate can be treated as a semi-infinite body. The final data reduction was done using
the Cook-Felderman (Reference 16) algorithm.

The Stanton number, Cj, based on the freestream conditions, was calculated from the following

g
= U< (Ho—Ha) )

where H,, is the enthalpy at the measured wall temperature.

For the thin-film heat transfer instrumentation, the uncertainties associated with the gage calibration
and the recording equipment are estimated to be +5% for the levels of heating obtained in the current
studies. The basic unsteady nature of some of the type I1I and type IV shock/shock interactions observed
in earlier studies produced cyclic variations of typically up to +15%. (See Reference 2.)

2.2.6 Pressure Instrumentation

We used flush-mounted pressure gages in the smooth-hemisphere studies to obtain measurements of
the mean and fluctuating pressure levels through the interaction regions. High-frequency Kulite
transducers (0.062 inch in diameter) were flush-mounted to the surface of the model in key areas of the
flow. Their positions and gage numbers are shown in Figure 7 and Table 5. Pressure measurements were
not made for the transpiration-cooled model.

The pressures were converted to absolute pressures (psia) by adding the measured initial vacuum
pressure in the test section. The latter was the reference pressure for the transducers. The pressures were
then averaged over an interval of time in which steady flow was established over the model, to obtain an
average value for each case. The values of the pressure coefficients, Cp, were calculated from

Co= p/(1/20.UF) (10)

where p was the measured model pressure (psia).

The uncertainties in the pressure measurements associated with the calibration and recording appara-
tus are £3%. Again, the variations associated with the unsteady nature of the fluid dynamics can be as

large as +15%.
2.2.7 Measurement Recording System

All data were recorded on the 128-channel Calspan Digital Data Acquisition System (DDAS II). The
DDAS I system consists of 128 Marel Co. Model 117-22 amplifiers, an Analogic ANDS 5400 data
acquisition and distribution system, and a Digital Equipment Corp. (DEC) PDP-11/73 computer. For the
smooth hemispherical nosetip studies, a Sun SparcStation 2 computer was utilized. The Analogic system
functions as a transient-event recorder in that it acquires, digitizes, and stores the data in real time.
Immediately after each test run, the data were transferred to the DEC or Sun computer for processing and
storage.
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The Marel amplifiers provide gains up to 1000 for low-level signals, can be AC or DC coupled to the
transducers, and have selectable low-pass filters with cutoff frequencies of 300, 1000, or 3000 Hz. The
Analogic system contains a sample-and-hold amplifier, a 12-bit analog-to-digital converter, and a

4096-sample memory for each channel.
2.2.8 Flow Visualization

Flow visualization in these studies was accomplished via a standard off-axis, Z-type schlieren system,
which uses 16-inch-diameter, /7.5 schlieren~grade spherical mirrors as schileren heads. A horizontal
source-slit/knife-edge combination provides sensitivity in the vertical plane of 5 arc seconds, with test-
section resolution better than 0.005 inch. A 1.5-microsecond FWHM (full-width, half-maximum) light
pulse was generated from a high-voltage spark in air, triggered close to the end of the steady run time.
The image was recorded on Kodak Tri-X panchromatic film.



Section 3
RESULTS AND DISCUSSION

3.1 INTRODUCTION

The basic objective of this program was to investigate the application of transpiration cooling to allevi-
ate the large heating loads generated by shock/shock interaction on a leading edge. The experimental
program was conducted in two basic research efforts, each of which constitutes a definitive set of studies.
In the first investigation, we studied the aerothermal loads generated in regions of shock interaction over a
highly instrumented smooth 12-inch-diameter hemispherical nosetip. In these studies, we placed the
emphasis on measurements in type 11I and type IV interaction regions for a range of freestream Reynolds
numbers and Mach numbers to investigate both laminar and turbulent interaction regions.

In the studies of transpiration-cooling effects on the flow structure and heating in shock/shock inter-
action over a 12-inch-diameter transpiration—cooled hemisphere, we first measured the effects of the
intrinsic surface roughness caused by the cooling slots in the model surface on the heating to the basic
hemispherical configuration. Measurements of the heat transfer distribution in type III and type IV inter-
actions were made for a range of blowing rates up to those where large instabilities were observed in the
major flowfield in earlier studies (Reference 14). Again, the measurements were made for a range of
freestream Reynolds numbers and Mach numbers for which the interaction regions, in the absence of
mass addition, were laminar and turbulent.

In the following text, we discuss first the measurements that were made on both the smooth and
transpiration-cooled models in the absence of shock/shock interaction, performed to establish baseline
results. Then, we describe the shock/shock interaction studies on the smooth configuration, emphasizing
transition effects on the heating in type III and type 1V interactions. The results of the transpiration-
cooled studies are then presented, and we discuss how blowing influences the structure of the flowfield
and the magnitude and distribution of the heating.

3.2 MEASUREMENTS ON THE SMOOTH AND TRANSPIRATION-COOLED
HEMISPHERES WITHOUT SHOCK/SHOCK INTERACTION

3.2.1 Smooth-Wall Measurements

Measurements of the distribution of pressure and heat transfer were obtained on the smooth hemi-
sphere at each of the test conditions at which the transpiration-cooled studies were conducted. The meas-
ured distributions of heat transfer are compared with the theories of Fay and Riddell (Reference 17) and
Kemp, Rose, and Detra (Reference 18) in Figures 14a and 14b for each of the Mach numbers and
Reynolds numbers at which the transpiration-cooled studies were conducted. Tabulations of the model
configurations and the test conditions at which the studies were conducted are presented in Table 1 and
Table 2, respectively. In general, the measurements are in good agreement with the theories, with the
measured stagnation value being slightly higher than the Fay-Riddell value at the higher Reynolds num-
bers, as has been observed in earlier studies (Reference 13). The correlations of the pressure measure-
ments shown in Figure 15 are well represented by a Newtonian distribution.
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3.2.2 Measurements on the Transpiration-Cooled Model

The measurements on the non-blowing transpiration-cooled nosetip demonstrated, as we had ob-
served in earlier studies (Reference 14) under different freestream conditions, that the intrinsic roughness
of the surface causes a heating enhancement that is greatest at the largest Reynolds numbers. Figure 16
shows the heat transfer rate distributions around the smooth and rough hemispheres for a range of free-
stream Reynolds numbers. We observe that the heating levels on the transpiration-cooled model are
greater than those on the smooth configuration, and that the difference increases with increased Reynolds
number as the thickness of the boundary layer decreases, and as the ratio of slot width to boundary layer
thickness increases.

The effects of the blowing on the distribution of heat transfer over the transpiration-cooled hemi-
sphere are shown in Figures 17 and 18. As we have observed earlier on these configurations for the lower
blowing rates, the heat transfer rate for the stagnation region is increased when the blowing trips the
boundary layer. Downstream on the main body of the hemisphere, the heating is significantly reduced by
blowing, and the heating, both in and downstream of the stagnation regions, is reduced rapidly with
increased blowing, as shown in Figure 17. Tabulations of the model configurations and test conditions are
presented in Table 3 and Table 4, respectively.

3.3 STUDIES OF SHOCK/SHOCK INTERACTION ON A SMOOTH HEMISPHERICAL
NOSETIP

3.3.1 Introduction

This series of studies was designed to provide not only a reference against which to compare measure-
ments on the transpiration-cooled nosetip but also a set of high—quality, high-resolution measurements for
code validation. In this investigation, we obtained sets of measurements for a range of positions of the
incident-shock impingement point to define the distribution of heating and the locus of the maximum
heating points for each of the test conditions that were selected for the transpiration—cooling study. Here,
we obtained a series of shear layer conditions that provided a detailed set of surface measurements for
fully laminar and turbulent interaction regions. These data, along with schlieren photographs, provide
information necessary for code evaluation. The model configurations and test conditions for these series
of studies are listed in Tables 1 and 2.

3.3.2 Reynolds Number and Mach Number Effects on Shock/Shock Interaction on a Smooth
Hemisphere

The measurements to examine shock/shock interaction on a smooth 12-inch-diameter hemisphere
were conducted for freestream conditions similar to those selected for studies with the transpiration-
cooled model. At each of these conditions, measurements of the distributions of heat transfer and pres-
sure were made for a range of positions of the incident shock to generate a series of distributions from
which to construct the magnitude and location of the point of peak heating. Here, we concentrated princi-
pally on generating type 111 and type IV interactions, because they create the largest heating loads. In
Figures 19 through 23, we have presented distributions representative of the measurements obtained. The
measurements at Mach 12 for a range of Reynolds numbers are presented in Figures 19 through 21 in
order of increasing Reynolds number. At the lowest Reynolds number (TC 3), the shear layers for both
type 11l and type IV interactions remained laminar, as verified by heat transfer measurements in the



interaction region. The type 1V interaction, shown in Figure 19a, has a peak heating ratio of 20 and
occurs close to 26° below the model axis. As the interaction is moved downward, the heating decreases
until, for angles of 35° and below, the interaction changes to a type 11, as shown in Figure 19b. The locus
for peak-heating points for test' condition 3, shown in Figure 19c, illustrates that the maximum peak
heating occurs between 20° and 25°. A similar set of measurements at a larger Reynolds number (TC 1)
is shown in Figure 20 (a through c). For the type 1V interaction (shown in Figure 20a), it is clear that the
peak-heating ratio is increasing with Reynolds number, and we observe a rapid decrease in heating when
the interaction is moved in either direction away from the 20° to 23° region. As the interaction moves
downward, it changes to a type 1lI interaction with peak heating ratios of 14 (Figure 20b). The locus of
peak-heating points for test condition 1 is shown in Figure 20c. At the largest Reynolds number (TC 2),
where we believe the shear layers were turbulent, based on heat transfer data, the measurements pre-
sented in Figure 21 (a through c¢) show an interesting change. In addition to a significantly increased
peak-heating ratio (>30), the angle at which the peak heating occurs is now slightly below 30°. When the
interaction changes from type IV (Figure 21a) to type III (Figure 21b), as the interaction is moved below
37°, the peak-heating ratio (20) is 60% greater than the measurements at the lower Reynolds numbers, as
can be seen by comparing Figure 20b with Figure 21b. This is also true at lower angles, as illustrated in
Figure 22, where the measurements from the three sets of test conditions are plotted together. Plotting the
peak-heating measurements for type III and type 1V interactions in terms of the shear layer Reynolds
number (defined in Reference 3), as shown in Figure 23, it can be seen that there is a Reynolds number
variation that suggests transition in the shear layer influences both type 1II and type IV interactions. While
it is clear that turbulent reattachment heating ratios should be greater than the laminar ratios for type IlI
flows, it is not clear whether transitional type 1V interactions have large ratios because of turbulence
enhancement in the jet stagnation region or because a more efficient compression process takes place in
the jet at the larger Reynolds numbers.

Examples of measurements made at Mach 14 and 16 in the studies for the smooth configuration are
shown in Figure 24 (a through d) and Figure 25 (a through c). Both sets of measurements are believed to
reflect fully laminar conditions, and they exhibit trends similar to those found in the “laminar” Mach 12
measurements. However, there appears to be a trend that the heating-ratio increases with Mach number,
as suggested by the predictions of Edney (Reference 1). As we found earlier for fully laminar and turbu-
lent type Il interactions, the Morris and Keyes (Reference 19) empirical analysis tend to underpredict the
measurements of peak heating, while the peak—~heating predictions are in reasonable agreement with the
measurements for a type IV interaction if a region 8 compression is assumed. Tabulations of the predic-
tions of peak heating using the Morris and Keyes computational model (Reference 19) are presented in
Tables 7 and 8 for the “smooth” and the “transpiration-cooled” studies, respectively.

3.4 STUDIES OF THE EFFECTS OF TRANSPIRATION COOLING ON THE HEAT
TRANSFER IN SHOCK/SHOCK-INTERACTION REGIONS

3.4.1 Introduction

This segment of the experimental program was embarked upon to assess the effectiveness of transpira-
tion cooling in reducing the large heat transfer loads generated in regions of shock/shock interaction.
While a cylindrical configuration is more representative of the practical problems on the cowl lip, it proved
more expedient to employ the existing transpiration-cooled hemisphere (Reference 14) in this initial
investigation. When the results ol some of this research were first presented (Reference 6), we did not
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have a comparable set of measurements on a smooth non-blowing spherical configuration. We were,
therefore, unable to assess the effects of the intrinsic roughness of the transpiration-cooled model. Thus,
we first compare the measurements on the smooth and rough hemispherical models used in this study.
The effects of blowing on the distribution of heat transfer on the transpiration-cooled model in the pres-
ence of shock/shock interaction are presented first by showing the effects of blowing with fixed incident
shock geometry, and then by presenting measurements for a fixed blowing rate with a variation in position
of the incident shock. Both sets of measurements are combined to demonstrate that (i) surface roughness
has little effect on the peak heating, and (ii) surface blowing has little effect on reducing the peak heating
levels in type III and type IV interaction regions.

3.4.2 Studies on the Transpiration-Cooled Model Without Blowing

This set of measurements was made to provide the base against which to evaluate the effectiveness of
transpiration cooling. Also, by comparing these measurements with the equivalent set on the smooth
model (Figures 20a through 20c¢), the effects of the intrinsic roughness of the model on interaction heating
can be determined. Examples of the distribution of heating on the transpiration model with blowing are
shown in Figures 26a through 26f. When the interaction is placed close to the axis of the hemisphere
(Figure 26a), there is relatively little enhancement. However, as observed on the smooth hemisphere
(Figure 20a), heating—enhancement factors of close to 20 are generated (Figure 26b) when the type 1V jet
is incident close to 20° from the axis of the model. In slight contrast, the rough-wall heating-enhance-
ment ratio remains relatively high until the impingement point drops below 40°. Possibly, the surface
roughness has induced transition on the model’s surface. The broad locus of the peak-heating values
between 20° and 30° from the model axis is similar in shape to the measurements at test condition 3,
shown in Figure 22, where we believe the shear layers to have been turbulent. Comparing the sets of
measurements shown in Figure 20c with those in Figure 26f in Figure 27, it is clear that the peak heating
for type IV interaction is relatively uninfluenced by surface roughness, while heating-enhancement factors
for the type III interaction are increased by roughness, possibly as a result of transition.

3.4.3 Studies of Surface Blowing Effects on Shock/Shock-Interaction Heating

The effects of surface blowing on interaction heating are demonstrated first by presenting sets of
measurements for a range of blowing rates with a [ixed shock-generator geometry. We then present the
measurements obtained at a fixed blowing rate for a range of model geometries.

Positioning the interaction at 20° below the axis of the model without blowing, we see in Figures 28a
through 28f that the effect of blowing is basically to move the interaction downward from the model
axis—an effect that results from the displacement of the bow shock away from the hemisphere in response
to an increased volume of gas in the shock layer. As was observed in the zero-blowing studies, the im-
pingement heating does not-decrease appreciably until the interaction drops 40° below the axis, as illus-
trated in Figures 28e and 28f. If the interaction is positioned on the axis of the model without blowing, the
effect of blowing is still to move the interaction downward, as illustrated in Figures 29a through 29e.
Comparing the measurements in Figures 26, 28, and 29, it can be seen that the peak heating for the type
IV interaction is not significantly reduced by surface blowing; however, there is a small reduction for the
type IlI interaction, which is well below the centerline. It is noted here that, for values of the blowing-rate
parameter (1) close to or greater than 0.3, the shock layer is unsteady, and it is difficult to select a
representative distribution of heating.



In Figures 30 (a through d) and 31 (a through e), we illustrate the effects of a variation in the position
of the incident shock for a constant value of blowing. In Figures 30a through 30c, the blowing parameter
is A=0.2 and the interaction is moved downward, placing it at 10°, 20°, and 30° below the model axis,
respectively. As the interaction is moved downward to 20°, the enhancement ratio rises from 10 to 20, a
value close to that for the no-blowing case. The enhancement ratio falls as the interaction is lowered to
30°, again a value little different than the no-blowing value on the transpiration~cooled nosetip. These
measurements are plotted together in Figure 30d. Finally, we show the measurements for the blowing
parameter 4 = 0.3 and note again that, at this level of blowing, the shear layer is unstable, even in absence
of the interaction, as observed in Reference 14. As the interaction is moved from close to the axis to the
20° point, the enhancement ratio increases to approximately 18, a 10% decrease from the no-blowing
ratio. Similarly, when the interaction is moved down to just above 40°, an enhancement factor of 12 is
approximately 85% of the value in the absence of blowing. These measurements are plotted together with
those for the other blowing rates in Figure 32, which again emphasizes that neither the magnitude nor the
shape of the locus of the heating-enhancement factor is significantly influenced by transpiration cooling.
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Section 4
CONCLUSIONS

Experimental studies have been conducted to investigate the use of transpiration cooling to reduce the
peak-heating loads in regions of shock/shock interaction. The experimental studies were conducted in the
Calspan 48-Inch Shock Tunnel at Mach numbers of 12 to 16 for a range of unit Reynolds numbers from
104 to 106. Smooth and transpiration—cooled hemispherical nosetip models, 12 inches in diameter, were
used in the experimental studies, which focused on defining the heat transfer and pressure distributions in
type 1II and type IV interaction regions. The studies of shock/shock interaction on the smooth configura-
tion demonstrated that transition in the shear layers of both the type IlI and the type IV interactions
caused an increase in the peak—heating levels. While the rough surface of the transpiration-cooled nosetip
caused enhanced heating in the absence of shock/shock interaction, the peak-heating rates in the interac-
tion region on the uncooled nosetip were not increased by the slotted nature of the surface. Transpiration
cooling was found to significantly increase the size of the shock layer and to move the peak-heating point
around the body. A transpiration-cooling rate of over 30 percent of the freestream maximum flux did not
reduce the peak-heating level more than 10 percent, however the integrated heating loads were reduced.
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Table 1

SUMMARY OF SMOOTH HEMISPHERE STUDY

" S.G. CONFIGURATION

RUN'l TC® Mach Re/ft Lip Rad. A* B*
. (inches) (inches) (inches)

3 1 12.1 3.8E+05 - - -

4 3 11.9 1.9E+05 - - -

5 5 14.8 5.4E+04 - - -
8 1 12.2 3.7E+05 5/16 9.953 3.359
9 1 12.1 3.8E+05 5/16 10.688 3.375
10 1 12.1 3.8E+05 5/16 10.343 3.375
13 3 11.9 2.0E+05 5/16 10.484 3.390
14 3 12.0 2.2E+05 5/16 10.765 3.399
15 3 11.9 2.0E+05 5/16 9.921 3.389
16 5 14.6 4.7E+04 5/16 8.718 3.637
17 5 14.6 4.7E+04 5/16 8.312 3.590
18 5 14.6 4.6E+04 5/16 7.765 3.417
26 5 14.6 4.0E+04 5/16 6.437 3.264
28 3 11.9 2.0E+05 5/16 8.368 3.193
29 1 12.1 3.9E+05 5/16 8.368 3.193
30 2 12.5 1.6E+06 5/16 8.368 3.193
31 2 12.6 1.5E+06 5/16 8220 3.133
33 2 12.6 1.6E+06 5/16 8.947 3.187
34 2 12.6 1.6E+06 5/16 8.593 3.184
35 4 16.3 4 9E+05 5/16 7906 3.411
36 4 16.2 4 9E+05 5/16 7.368 3.409
37 4 16.3 4 9E+05 5/16 6.922 3.266
38 1 12.1 3.7E+05 5/16 7.389 3.374
39 1 12.1 3.6E+05 5/16 8.168 3.418
43 2 12.5 1.4E+06 5/16 8.761 3.402
44 2 12.5 1.5E+06 5/16 8.480 3.431
45 2 12.5 1.5E+06 5/16 8.052 3.404

49 2 12.5 1.4E+06 - - -

50 4 16.2 4.3E+05 - - -

53 2 12.5 1.4E+06 - - -

tTest Conditions (Tcs) (Re/M,, Pairings) Are Shown In Figure 4a.
*Refer to Figure 9.
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Table 3

SUMMARY OF TRANSPIRATION~-COOLED HEMISPHERE STUDY

S.G. CONFIGURATION

RUN| TcT Mach Rerft A Lip Rad.  A* B*
(inches) (inches) (inches)

) 1 121 3.3E+05  0.07 . - .

5 1 121 3.2E+05 0 - -

6 1 121 3.3E+05 0.08 . - -

7 1 121 3.3E+05 0.12 - - -

9 1 121 3.3E+05 0.16 . - .

0] 1 121 3.1E+05 0.15 . - .

13| 2 12.6 1.5E+06 0 . -

14] 2 126 1.5E+06 0.06 - .

5] 2 126 1.3E+06 0.06 - . .

6] 1 121 3.2E+05 0 flat 11860  3.121
17] 1 121 3.1E+05 0 flat 10360  3.121
18] 1 121 3.3E+05 0 flat 9375  3.295
19| 1 121 3.1E+05 0 3/8 9375  3.295
20 ] 1 121  3.2E+05 0.12 flat 9375  3.295
21 1 121 3.0E+05 0.17 lat 9375  3.295
2| 1 121 3.1E+05 0 5/16 9375  3.295
23] 1 121 3.1E+05 0 5/16 9875  3.295
24| 1 121 3.0E+05 0 5/16 10375  3.295
25| 1 121  3.1E+05 0 5/16 10875  3.295
27| 1 121 3.4E+05 0.15 5/16 9375  3.205
28| 1 121 3.4E+05 0.20 5/16 9375  3.295
2| 1 121 3.4E+05 0.26 5/16 9375  3.295
30| 1 121 3.5E+05 0.31 5/16 9375  3.295
31 1 122  3.6E+05 0 5/16 9575  3.295
33| 1 122 3.6E+05 0.19 5/16 9.128  3.338
4| 1 121  3.5E+05 0.31 5/16 9.128  3.338
5] 1 122 35E+05 0.36 5/16 9.128  3.338
6| 1 122  3.6E+05 0 5/16 9.128  3.338
a7 | 1 122 3.5E+05 0 5/16 9728  3.338
8] 1 122  3.6E+05 0 5116 11428  3.338
39 1 122 3.5E+05 0 5/16 8636  3.425
| 1 122  3.4E+05 0 5/16 8.636  3.425
4 1 122 3.3E+05 0.20 5/16 8636  3.425
2] 1 122 35E+05 0.31 5/16 8636  3.425
43| 1 122 35E+05 0.36 5/16 8636  3.425
4] 1 12.2  3.3E+05 0 5/16 8.143 3512
] 1 122 3.2E+05 0.20 5/16 8143 3512
46| 1 122 3.4E+05 0.32 5/16 8143 3512
47| 2 126  1.3E+06 0 5/16 9728  3.338
8| 2 126 1.3E+06 0.06 5/16 9728  3.338
9| 3 122  2.0E+05 0 5/16 10428  3.338
so| 3 121 2.1E+05 0 5/16 9.128  3.338
51| 3 12,1 2.0E+05 0.20 5/16 9.128  3.338
52| 3 122 2.1E+05 0.24 516 9.128  3.338
53| 3 122  2.2E+05 0 5/16 10.028  3.338
54 ] 1 121 3.2E+05 0 5/16 9.128  3.338
55 | 1 121 3.3E+05 0.39 5/16 9.128  3.338
s6 | 1 121 3.4E+05 0.30 5/16 8636  3.425
s7| 1 121 3.4E+05 0.34 5/16 8636  3.425
58 | 1 122 35E+05 0.28 5/16 8143 3512
60| 4 16.1  3.2E+05 0 5/16 8743 3512
61| s 15.3  6.3E+04 0 5/16 8743 3512
62| 1 121 3.1E+05 0 . - .

tTest Conditions (Tcs) (Re/Moo Pairings} Are Shown In Figure 4a.
*Refer to Figure 9.
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Table 5
SUMMARY OF GAGE POSITIONS ON SMOOTH HEMISPHERE

GAGE 0 GAGE 0

(degrees) (degrees)
* wk * L 2 3
HT1 0.000 9.850 HT36 -32.68 -22.83
HT2 -2.390 7.460 HT37 -33.12 -23.27
HT3 -5.300 4.550 HT38 -33.57 -23.72
HT4 -8.800 1.050 HT39 -34.02 -24.17
HT5 -13.35 -3.500 HT40 -34.54 -24.69
HT6 -15.37 -5.520 HT41 -34.91 -25.06
HT7 -17.23 -7.380 HT42 -35.44 -25.59
HT8 -21.49 -11.64 HT43 -35.88 -26.03
HT9 -22.01 -12.16 HT44 -36.41 -26.56
HT10 -22.38 -12.53 HT45 -36.85 -27.00
HT11 -22.90 -13.05 HT46 -37.30 -27.45
HT12 -23.28 -13.43 HT47 -37.75 -27.90
HT13 -23.72 -13.87 HT48 -38.20 -28.35
HT14 -24.25 -14.40 HT49 -38.64 -28.79
HT15 -24.62 -14.77 HT50 -39.09 -29.24
HT16 -25.14 -15.29 HT51 -39.54 -29.69
HT17 -25.59 -15.74 HT52 -44.54 -34.69
HT18 -26.11 -16.26 HT53 -48.19 -38.34
HT19 -26.56 -16.71 HT54 -52.45 -42.60
HT20 -27.01 -17.16 HT55 -57.74 -47.89
HT21 -27.45 -17.60 HT56 -64.23 -54.38
HT22 -27.90 -18.05 HT57 2.24 12.09
HT23 -28.35 -18.50 HT58 4.48 14.33
HT24 -28.80 -18.95 HT59 7.01 16.86
HT25 -29.24 -19.39 HT60 9.85 19.70
HT26 -29.54 -19.69 HT61 2.24 12.09
HT27 -29.84 -19.99 HT62 -2.39 7.46
HT28 -30.14 -20.29 P1 -23.43 -13.58
HT29 -30.36 -20.51 P2 -25.89 -16.04
HT30 -30.66 -20.81 P3 -28.13 -18.28
HT31 -30.89 -21.04 P4 -30.59 -20.74
HT32 -31.18 -21.33 P5 -32.97 -23.12
HT33 -31.48 -21.63 P6 -35.21 -25.36
HT34 -31.78 -21.93 P7 -37.60 -27.75
HT35 -32.23 -22.38 P8 -39.99 -30.14

* ANGULAR POSITION FOR RUNS : 3-5, 8-10, 13-18, 43-45, 49, 50, 53
** ANGULAR POSITION FOR RUNS : 26, 28-31, 33-39
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Table 6
SUMMARY OF GAGE POSITIONS ON TRANSPIRATION-COOLED HEMISPHERE

GAGE ¢ GAGE ¢

_ (degrees) (degrees)
HT1 -0.622 HT27 -29.18
HT2 -1.553 HT28 -30.08
HT3 -4.348 HT29 -30.99
HT4 -8.095 HT30 -31.90
HTS -9.042 HT31 -32.83
HT6 -9.981 HT32 -33.76
HT7 -10.93 HT33 -34.71
HT8 -11.88 HT34 -35.67
HT9 -12.84 HT35 -36.58
HT10 -13.69 HT36 -37.42
HT11 -14.75 HT37 -38.28
HT12 -15.71 HT38 -39.14
HT13 -16.69 HT39 -40.00
HT14 -17.66 HT40 -40.88
HT15 -18.64 HT41 -41.78
HT16 -19.62 HT42 -42.69
HT17 -20.56 HT43 -43.60
HT18 -21.40 HT44 -44.55
HT19 -22.25 HT45 4.348
HT20 -23.08 HT46 8.095
HT21 -23.94 HT47 16.69
HT22 -24.80 HT48 26.53
HT23 -25.66 HT49 35.67
HT24 -26.53 HTS0 -54.62
HT25 -27.40 HT51 -61.83
HT26 -28.29 HTS52 -69.00
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Figure 1 SCHEMATIC DIAGRAM OF A TYPE IV' INTERFERENCE PATTERN IMPINGING ON A
CYLINDER (REFERENCE 19)
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BLACK AND WHITE PHOTOGRAPH

Figure 5 PHOTOGRAPH OF SMOOTH HEMISPHERE IN TUNNEL

¢ =0°
N ’

r = RADIAL DIRECTION

8 = AZIMUTHAL DIRECTION

¢ = CIRCUMFERENTIAL DIRECTION ¢ - 180°

SIDE VIEW -
PLANE CONTAINING VERTICAL
DIAMETER PARALLEL TO FLOW
(d = 0°, 180°)
FRONT VIEW

+

ALL DIMENSIONS IN THE AZIMUTHAL (6)
DIRECTION ARE MEASURED RELATIVE TO
THE THEORETICAL STAGNATION POINT
WITHOUT INTERACTION, LOCATED AT THE
POINT FARTHEST UPSTREAM ON THE
MODEL SURFACE.

s

SIDE VIEW

Figure 6 MODEL COORDINATE SYSTEM
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Figure 7 INSTRUMENTATION SCHEMATIC DIAGRAM FOR SMOOTH HEMISPHERE

Figure 8 PHOTOGRAPH OF SMOOTH HEMISPHERE WITH 10° WEDGE

29
BLACK AND WHITE FHOTOGRAPH



6.000" Spherical Rad. ——\ B

N | 11.1827

1.00" — i jut—

NOTE: PLUMBING DISCONNECTED FOR SMOOTH-HEMISPHERE STUDY

Figure 9 SCHEMATIC DIAGRAM OF EXPERIMENTAL CONFIGURATION IN CALSPAN’S
48-INCH HYPERSONIC SHOCK TUNNEL
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BLACK AND WHITE PHOTOGRA#H

Figure 10a PHOTOGRAPH OF TRANSPIRATION-COOLED HEMISPHERE IN TUNNEL

Figure 10b FAST-ACTING VALVES MOUNTED BEHIND TRANSPIRATION-COOLED HEMISPHERE
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Figure 12b DETAILS OF TRANSPIRATION-COOLED SURFACE
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Figure 13  INSTRUMENTATION SCHEMATIC DIAGRAM FOR TRANSPIRATION-COOLED
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A EXPERIMENTAL
MACII = 12.0
Re/Ft = 2.0 X 10°
MORRIS AND KEYES CODE (REF. 19)

& TYPE 111
X rTyriiv
40
30 |
lr RUN 15 : REGION 8
15
“r 14 13 * 28
] ) A
9peak ,quR A A
o KFRUN 15 : REGION 7
RUN 13 : TURBULENT J»
RUN 13 : LAMINAR ¢
0 [ £ 1 1
-50 -40 30 20 -10 0

0, Angular Position Relative to Stagnation Point (degrees)

Figure 19c VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OVER A SMOOTH HEMISPHERE
OF A LAMINAR INTERACTION FOR MACH 12.0 AND Re/Ft = 2.0 x 105
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X EXPERIMENTAL
MACH = 12.1

Re/Ft = 3.8 X 10°
MORRIS AND KEYES CODE (REF. 19)

A TYPE 11
&4 TYPE 1V

40
30 -

© RUN 8 : REGION 8§

. . 8
Ypeak lqe ®
FR 29
20 |- 10 a
®
39
9 B
2

& RUN 8 : REGION 7

0 k- RUN 9 : TURBULENT A
RUN 9: LAMINAR A
18
B

0 1 1 | 1

-50 -40 -30 20 -10 0

6, Angular Position Relative to Stagnation Point (degrees)

Figure 20c VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF THE INTERACTION REGION
OVER A SMOOTH HEMISPHERE FOR MACH 12.1 AND Re/Ft = 3.8 x 10°
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4 EXPERIMENTAL
MACH = 12.5
Re/Ft = 1.5 X 10°

MORRIS AND KEYES CODE (REF. 19)

X TYPE IiI
A TYPE IV
40
A RUN 30 : REGION 8
o1
30 ® 45
*MU o
A RUN 45 : REGION 8
Apeak /unR el
2 | @ 44
@ 43
RUN 44 : TURBULENT
A RUN 30 : REGION 7
10 A_RUN 45 : REGION 7
RUN 44 : LAMINAR
0 1 1 ] §
-50 -40 30 20 -10 0

0, Angular Position Relative to Stagnation Point (degrees)

Figure 21¢ VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF A ;I'URBULENT INTERACTION>
OVER A SMOOTH HEMISPHERE FOR MACH 12.5 AND Re/Ft = 1.5 x 10¢
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40
Sym Re/Ft
A 2.0 x 108
[} 3.8 105 & 33
30 x 10 & 45
$ 1.5 x 108 ®3M .
dpea Ao @
pea FR 15 8 & 31
20 } ® 44 A ®
13 29
& 434 AR 28
A 10 A
®
-] 39
9
10
®
38
0 ) 1 i 1
-50 -40 -30 -20 -10 0

0, Angular Position Relative to Stagnation Point (degrees)

Figure 22 VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF THE INTERACTION REGION
OVER A SMOOTH HEMISPHERE FOR MACH 12 AT VARIOUS REYNOLDS NUMBERS
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+ EXPERIMENTAL
MACH = 14.6

Re/Ft = 4.7 X 104
MORRIS AND KEYES CODE (REF. 19)

4 TYPE HI
X TYPE 1V
40
RUN 18 : REGION 8
RUN 26 : REGION 8
10 |
q lq
peak OFR
20 | 18
+
26
17 +
RUN 18: REGION 7 o +
® RUN 26: REGION 7 16
10 }
RUN 17 : TURBULENT I
RUN 17 : LAMINAR
0 1 1 ' 1
50 40 30 20 -10 0

0, Angular Positilon Relative to Stagnation Point (degrees)

Figure 24d VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF A LAMINAR INTERACTION
OVER A SMOOTH HEMISPHERE FOR MACH 14.6 AND Re/Ft = 4.7 x 107
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X EXPERIMENTAL
MACII = 16.3
Re/Ft = 4.9 X 105
MORRIS AND KLEYES CODE (REF. 19)

B TYPE 1V
50
L RUN 37 : REGION 8
40 -
& RUN 35 : REGION 8
30 |}
q 190
peak
FR 3s 36 3,7
X x
20 —
RUN 37 : REGION 7
RUN 35 : REGION 7
10 .
0 1 b 1 [
-50 40 30 20 -10 0

0, Angular Position Relative to Stagnation Point (degrees)

Figure 25¢ VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF A LAMINAR INTERACTION
OVER A SMOOTH HEMISPHERE FOR MACH 16.3 AND Re/Ft = 4.9 x 105
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30
q 'a
peak OFR

20

10

Fiéure 26¢

Rough
X EXPERIMENTAL

MACH = 12.1
Re/Ft = 3.1 X 10°
A=0

MORRIS AND KEYES CODE (REF. 19)
A rype 1 '
@ TYPE v

RUN 37 - REGION 8
RUN 31 - REGION 8

B 2 Ny,
24 L -1
®
25
@ %
RUN 37 - REGION 7 @
T RUN 31 - REGION 7
= 38 RUN 25 - TURBULENT }
a RUN 38 - TURBULENT $
RUN 25 - LAMINAR
RUN 38 - LAMINAR ﬁ
1 1 1 1
.50 40 30 -20 .10 0

0, Angular Position Relative to Stagnation Point (degrees)

VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF THE INTERACTION REGION
OVER A TRANSPIRATION-COOLED HEMISPHERE FOR BLOWING PARAMETER, \ = 0, AT

MACH 12
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Smooth Rough
[ | M EXPERIMENTAL

MACH = 12.1
Re/Ft = 3.8 X 108, 3.1 X 105
A=0

MORRIS AND KEYES CODE (REF. 19)

A TyPrE mI
@ TyrE 1V

40
RUN 37 - REGION 8
30 RUN 31 - REGION 8
q /q
peak OFR a
23 !ﬂza
20 } - 1
24 By
a ]
25
@ B
RUN 37 - REGION7 & 2
RUN 31 - REGION 7
10 |- k1] RUN 25 - TURBULENT A
[} RUN 38 - TURBULENT 2§
RUN 25 - LAMINAR
RUN 38 - LAMINAR T
[ ]
0 1 1 ] ]
-50 -40 -30 -20 -10 0

0, Angular Position Relative to Stagnation Point (degrees)
Figure 27 COMPARISON OF THE VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF THE

INTERACTION REGION OVER A SMOOTH AND A TRANSPIRATION-COOLED (ROUGH)
HEMISPHERE FOR BLOWING PARAMETER, X = 0, AT MACH 12
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A EXPERIMENTAL
MACH = 12.1
RUN A
Re/Ft = 3.4 X 10°
ad 22 0
MORRIS AND KEYES CODE (REF. 19) 27 0.15
& TYPE I 28 0.20
29 0.26
R TYPEIV 10 0.31

30 &
RUN 22 - REGION 8

25 -

20 | ?:
. /i 28 27
qpeak quR ® 2

15 |- 30

RUN 22 - REGION 7 29

RUN 27 - TURBULENT
10 |- RUN 28 - TURBULENT
RUN 29 - TURBULENT
RUN 30 - TURBULENT

RUN 27 - LAMINAR
s RUN 28 - LAMINAR
RUN 29 - LAMINAR
RUN 30 - LAMINAR

0 ) 1 £ L
-50 40 30 20 -10 0

0, Angular Position Relative to Stagnation Point (degrees)

Figure 28f VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF THE INTERACTION REGION
OVER A TRANSPIRATION-COOLED HEMISPHERE FOR VARIOUS BLOWING PARAMETERS, A,
AT A FIXED MODEL CONFIGURATION AT MACH 12
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A EXPERIMENTAL RUN A

MACH = 12.1 19 o
Re/Fi = 3.4 X 10 40 0
MORRIS AND KEYES CODLE (REF. 19) 41 0.20
56 0.30
& TYPE 1N a2 0.31
57 0.34
X TYPE 1V 3 0 36
60
r RUN 40 - REGION 8
50 |
40 —
q lq
peak °FR
30 & RUN 41 - REGION 8
& RUN 40 - REGION 7 s7
20 I- = 56
RUN 42 - REGION 8 @ &
43
RUN 43 - REGIGN 4 ® a1
10 ®
BUN 4 - REGIGN? RUNG - TURHLEN 3
: ] ® A
RUN 43 - LAMINARY
0 1 1 ] )
-50 40 30 20 10 0

0, Angular Position Relative to Stagnation Point (degrees)
Figure 29e VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF THE INTERACTION REGION

OVER A TRANSPIRATION-COOLED HEMISPHERE FOR VARIOUS BLOWING PARAMETERS, X,
AT A FIXED MODEL CONFIGURATION AT MACH 12
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¥ EXPERIMENTAL
MACH = 12.1
Re/Ft = 3.4 X 103
A =0.20
MORRIS AND KEYES CODE (REF. 19)

A TypPr I

@ TYPE 1V

30 Iy
RUN 41 - REGION 8
25
33
=B
20
. P 28
q q -]
peak OFR
15 F
@ RUN 41 - REGION 7
41
10 | RUR 28 - TURBULENT 4
RUN 28 - LAMINAR A
5 -
0 1 ] { ]
-50 -40 -30 -20 -10 0

0, Angular Position Relative to Stagnation Point (degrees)

Figure 30d VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF THE INTERACTION REGION"
OVER A TRANSPIRATION-COOLED HEMISPHERE FOR BLOWING PARAMETER, \ = 0.20,
AT MACH 12
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X EXPERIMENTAL
MACII = 12.1
Re/Fi = 3.5 X 108
A=0.31
MORRIS AND KEYES CODE (REF. 19)

A TYPE I

30
2% }
20 -
42
a,eak /a 8
peak OFR
15 - 30
®
34
8
10 |- RUN 42 - TURBULENT
RUN 34 - TURBULENT
RUN 30 - TURBULENT
RUN 42 - LAMINAR
s | RUN 34 - LAMINAR
RUN 30 - LAMINABB -
o 1 1 1 1
-50 -40 -30 20 -10 0

0, Angular Position Relative to Stagnation Point (degrees)

Fibure 31e VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF THE INTERACTION REGION
OVER A TRANSPIRATION-COOLED HEMISPHERE FOR BLOWING PARAMETER, A = 0.31,
AT MACH 12
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Sym A

Mach 12.1 Smooth Rough

[ ] X 0
Re/Ft = 3.5 x 10° e
0.20
A 0.31
30
25 |
"
13
3
2 | n ?/}:,1
®
. P ?-f 8y 42 a
qpeak Qo __ r's A
FR
25
15 | 2 % l%
A
4 " e
A 4
10 38 -3
B
5 46
A
]
o 1 [l ] 1
.50 40 -30 20 -10 0

0, Angular Position Relative to Stagnation Point (degrees)

Figure 32 VARIATIONS OF PEAK HEATING WITH ANGULAR POSITION OF THE INTERACTION REGION
OVER A SMOOTH AND A TRANSPIRATION-COOLED (ROUGH) HEMISPHERE FOR VARIOUS
BLOWING PARAMETERS, A, AT MACH 12
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Appendix A
SMOOTH HEMISPHERICAL STUDY DATA

Test Conditions, Heat Transfer and
Pressure Measurements, Schlieren Photographs,
and Reduced Data Tabulations
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Test Conditions

T -

Po
Ho
To

T X0
£ -
[ I )

QoFR=

7.1580X10+2
1.4884X1047
2.2874X10+3
12,1270
5.3722X10+3
7.8847X10+1
4,3015x10-3
4.4233%10-6
6.2628%X10-8
3.7943X10+5
8,2895X10-1
§.4327x10-1
2.9616
3.2756X10+6€
2.2560
2.8204X10-3
5.8102

PSIA
(Ft/sec)2
degR

Ft/sec

degR

PSIA
Slugs/Ftl
Slugs/Ft-sec
1/Ft

PSIA

PSIA

(Ft/sec) 2
1/PSIA

Fr2-s/BTV
BTU/Ft2-s

Reservolr Tctal Pressure

Reservolr Total Enthalpy

Reservoir Total Temperature

Freestream Mach Number

Freestream Velocity

Freestream Temperature

Freestream Statlc Pressure

Freestream Density

Freestream Viscosity

Freestream Reynolds Number

Pitot Pressure

Dynamic Pressure (Rho U~2/288)

shock Tube Incident Shock Mach Number

Wall Enthalpy (Cp Tw)

Pressure to CP factor {1/Q}

Heat Rate to CH factor (778/{Rho U (Ho-Hwi)
Fay-Riddell Heat Transfer {1.00° Diam Sphere)



-

q ~ BTWSQ. FT/SEC

-0

-60

I 1 T I 1
-50 -40 -30 -20 -10
Anguiar Postion Relative 10 Stagnation Point (degrees)

HEAT TRANSFER vs Gauge Position
Run 3

-40

|
-38

t 1 I 1 i 1
<36 -34 -32 -30 -28 -26

Anguiar Positon Relative lo Stagnation Point (degrees)

PRESSURE vs Cauqe Position
Run 3

1
-24

-22



Test Conditions

Fo =
Ho =
To =
M -
U -
T -
P -
Rho =
My -
Re =
Po’ =
Q -
Mi =
Hw =
CPL{ =
CHf =
QoFR=

3.5000X10+2
1.5138X10+7
2.3128X10+43
11.9290
5.4149X10+3
B.2786X10+1
2.3252X10-3
2.2773X10-6
6.5699X10-8
1.8769%X10+5
4.3357X10-1
2.3184X10-1
2.9776
3.2849X10+6
4.3131
5.3228X10-3
4.2945

PSIA
(Ft/sec)2
degR

Fr/sec

degh

PSIA
Slugs/Ft3
Slugs/Ft-sec
1/Ft

PSIA

PSIA

(Ft/sec) 2
1/PSIA

Ft2-s/BTU
BTU/Ft2-s

Reservolr Total Pressure

Reservolr Total Enthalpy

Reservoir Total Temperature

freestream Mach Number

Freestream Velocity

Freestream Temperature

Freestream Statlic Pressure

Freestream Density

Freestream Viscoslity

Freestream Reynolds Number

pPitot Pressure

Dynamic Pressure (Rho u~2/288

shock Tube Incident Shock Mach Number

Wall Enthalpy (Cp Tw}

Pressure to CP factor (1/Q)

Heat Rate to CH factor {(778/{Rho U (Ho-Hw))
Fay-Riddell Heat Transfer (1.00° Di{am Sphere}



q ~ BTU'SQ. FI/SEC

.30

.25

.20

.10

.05

.00

-70

-60

1 Rl | T 1
-50 - 40 -30 =20 ~-10

Anquiar Position Relative 10 Stagnation Pot (degrees)

HERT TRANSFER vs Gauge Position
Run

10

-40

1
-38

T 1 1 | 1 1
-36 -34 -32 -30 -28 -26
Angular Positon Relaive to Stagnahon Pont (degrees)

PRESSLFE vs Gauge Pos:tion
Run 4

i
-24

-22



Test Conditions

Po =
Ho =
To =
M -
v -
P -
Rho =
My =
Re =
Po’ =
Q -
Mi =
Hw =
cpf =
CHf =
QoFR=

3.1260X10+2
2.0418X10+7
3.0833X10+3
14.7460
6.3259X10+3
7.3940X10+1
4,5363X10-4
4.9744X10-7
5.8802X10-8
$.3514X10+4
1.2926X10-1
6.9117X10-2
3.5960
3,2595X10+6
1.4468X10+1
1.4409X10-2
3.4783

PSIA
{Ft/sec)2
degR

Ft/sec

degR

PSIA
Slugs/Ft3
Slugs/Ft-sec
1/Ft

PSIA

PSIA

(Ft/sec) 2
1/PSIA

Frt2~-s/BTU
BTU/Ft2-5

Reservolir Total Pressure

Reserveoir Total Enthalpy

Reservolir Total Temperature

Freestream Mach Number

Freestream Velocity

Freestream Temperature

Freestream Static Pressure

Freestream Density

Freestream Viscosity

fFreestream Reynolds Number

Pitot Pressure

Dynamic Praessure (Rho U"2/288)

Shock Tube Incident Shock Mach Number

Wall Enthalpy (Cp Tw)

Pressure to CP factor (1/Q)

Heat Rate to CH factor {778/ (Rho U (Ho-Hw})
Fay-Riddel]l Heat Transfer (1.00* Diam Sphere}



q ~ BTWSQ. FT/SEC

-~

.09

.07 -

.04

.03 -

.02 =

.01 =

-0 T T T T 1 T

-70 -60 -50 -40 -30 -20 ~10
Angular Posion Relative to Stagnaton Point (degrees)

HEAT TRANSFER vs Cauge Pos.ition

Run S

.08 — x

10

-00 T T T ) T T T

-40 -38 -36 -34 -32 -30 -28 -26

Anguiar Position Relative lo Stagnation Point (degrees)

PRESSFE vs Cauge Position
Run S

T
-24

-22



Test Conaitions

Po =
Ho =
To =

Re
o’
Q
Ml

He

CPY =
CHI =
QofRe

-
-
-
-
Mo =
-
-

6.414CX10¢2
1.4113X10+7
2.1647x10¢3
12,1500
$.2316x104]
7.4490X10+1
3.0397X10-3
4.1794%10-6
$.9231X10-8
3.4915X1043
7.4277%10-1
3.9718x12-1
2.0489
3.2899X10¢6
2.5177
3.2876x10-3
5.1048

PSIA
(Ft/seci2
aegh

fFt/sec

dagR

PSIA
5lugs/fl
S5iugs/Ft-sec
1/Ft

PSIA

PSIA

(Fr/sec)2

1/PSIA

FL2-s/87U
TU/FL2-s

Mocs) Parameter

Reservolr Total Pressure

Reservolr Total Enthaipy

Reservolr Total Temperature

freestream™ Mach Number

Freesiream Veloclity

freestream Temparature

freestream Statlc Pressure

Freestream Density

Freentr Viscosity

freestream Reynolds Number

fitot Pressure

Dyramic Prassure {(Rho U"2/288:

Snock Tube Inclident Shock Mach Number

Wall Enthalpy (Cp Tw)

Pressure to CP factor (1/Q)

Hea: Rate to CH factor {178/(Rkc U (Ho-Hwl)
fay-Rigael) Heat Transfer (1.00" Diam spnhere)

A = sse BROCK generator dlagraw
B - see snock generator 4dlagram

Run 8

(Inches)
(inches)

Value

9.953
3.359



.

q ~ BTU/SQ. FT/SEC

b

l?O—I

100 —
B0 —
60

40 —

20— I

-70 -60 =40 -40 -30 -20 ~10 0
Anguiar Posmion Relative to Stagnation Point (degrees)

HEAT TRANSFER ve Gauqe Pos.t.ion
Run 8

-0 T T T T T T T T
-40 -38 -36 -34 -32 -30 -28 -26 -24
Anguiar Positon Relative 10 Slagnation Pomt (degrees)

PRESSLIFE vs Gauge Pos:tion
Run 8

-22



Test Conditions

Po -
Ho
Te

o
R

Po’

L1}
Hw
cPt -
CHt =
QoFR=

PSIA
(FLravey 2
qegh

Ft/sec

gegqR

PSIA
Slugs/FtLl
Slugs/Ft-sec
1/Ft

PSIA

PSIA

(FL/sec) 2
1/PSIA

Ft2-s/8TU
BTU/rL2-5

DRIGI L PA
3

BLACK AND WHITE PHOTOGRAPH

Mcdel Parameter

Reservolr Total Pressure A - see shoCk qenerator dlagzam
Reservolr Totai Enthalpy B - sge shaCk Qgenerator Jiagram
Resesvolr Totai Tempuratuse

Freestrasm Mach Number

Velocity

Tamperasture

static Pressure

Density

Viscosity

Reynolds Number

fitot Pressure

Dyramic Pressure (Rno v42/240)

Srock Tube Inclaent Shock Mach Number

wall Enthalpy (Cp Tw)

Pressure to CP facter (1/Q)

Meat Rate to CH factoer (778/(Rho U {Ho-Hw)}

Fay-Rigdael )l wWeat Transfer (1.C0° Dtam Sphere)

Rur 9




Q ~ BTUSQ. FTiseC

-~

70

60 —

50

40 —

30

20

~60

I | I 1 |
-50 ~40 ~30 ~20 =10

Angular Poskion Reistive 10 Stagnation Point (degrees)

HEAT TRANSFER vs Cauge Pos.:t.ion
Run ¢

=40

1
-38

T I I I 1 i
-36 -34 -32 -30 ~-28 -26
Anguiar Posiion Relative 10 Stagnation Pont (degrees)

PRESSLFE vs Gauge Position
Run 9

I
~24

L
=22



Test Conaitlons

fo =
ro -
To =
M .
. -
4

ano =
LE 4
Re =
Pct =
v -
LB} -
Hw =
cpr -
CHf =
Qof ke

6.99:0X15+7
1.4544X 07
2.2369X.0°)
12.1420

5.2107X10+3
7.6854X 03
4.183:Xx15-3
4.4:31x15-6
6.1073x13-0
3.8375%X10+%
8.0822%12-"
4.0018x00-0
2.9.¢8

3.2781X.Cq6
2.113%

2.9466X.C-2
5.5874

PSIA
iFt/sec)?
aegR

Frssec

oeqr

PSIA
SiugEitd
Siuge/Ft-sec
LIFt

PSIA

PSiA

iFL/7sec)?
1/PSIA

FL2-s/B7.
BTU/F22-s

X

BLACK &N

Mooe i

Reservoir Total Pressure A - shock Qererator diagrarm
heservoir Tota. Entha.py b -~ see $hOCKk Generaicr alagram
Resarvolr Tota. Terperat.re

Freestiream Macr Nuroer

Fressizear Va.oclly

Frees.ream Temperature

Freestrear Static Pres;.re

freestream Dersity

Viscosity

Reynolds Numper

fitot Press.re

Oyramic Press.re (Rho U"2/286

Shock TuDe incicant S.ock Mach Nurcer

wa.i Erita.py (Cp Tv)

Pressure to CP factor (/00

neat Rate to Ca facter (7787 (Rnc U {HO-Hw):

Fay-R.iaode.) Heat Transler (1.0C0* Diam Sprere)

el PAGE
rOPHOTOORAPH
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120 =

Anguisr Position Relative to Stagnation Poini (degrees)

PRESSLFE vs Cauge Pos:tion
Run 10
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Anguiar Posttion Relative 10 Stagnation Point (degrees)
HEAT TRANSFER vs Cauge Poa:tion
Run 10
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ta =
Ho =
e =
™ -
T -
P -
Aho =
LI
e =
Po* =
[} -
ML =
Hw -
cpe -
IHL =
JefRe

Conaitions

3.8010X13-2
1.5859X12+7
2.36C5x12+3
11.912¢
5.4094x.2+)
0.3321x39°1
2.9342%3135-)
2.4C082x:2-6
6.7676X.0-8
1.9534x105
4.7122%1%-1
2.519x13-0

294
3.2769%.23+%
3.9¢687
4.791x.2-)
4, 6498

PSIA
(Ft/nec)2
degR

Fu/sec

degR

PSIA
$lugs/Fed
Slugs/Fr-sec
1/Ft

PSIA

PSIA

(Ft/sec)?
1/PSIA

Ft2-3/8TU
BTU/fL2-8

OMGINAL T
BLACK AND WHIT: -~

Model Parameter Va.ue

Reservolr Total Pressure A - see snock generator dlagram
Reservolr Total Enthalpy B - see shocu generator 4iagram
Resarvolr Yotal Temperature

Freestream Mach Number

Velocity

Tamperature

Static Pressure

Dersity

Viscosity

Freestream Reynolds Number

Pitot Pressure

Dynamic Pressure {Rho U“1/208

Shock Tube Incidant Shock Mach Number

Wall Enthalpy (Cp Tw)

Pressure to CP factor (1/Q

Heat Rate to CH factor {778/ (Rmo U (Ho-Hw)}

Fay-Riddall Heat Transfar (1.9¢* Diam Sphere)

A-14

(incres) 10,484
{incres) 3.39%0
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-~

Anguiar Position Relative 1o Stagnation Point (degrees)

PRESS.FE vs Gauge Pos:tion
Run 13

A-15
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Test Conditions Moael Parameter Vaiue
Po = 3.0110X10+2 PSIA R rvoir Total Pressure A - see shock Qenerator dlagraw (lnches] 10.765
Ho o~ 1.4%99X10+7 (Ft/sec)2 R rvoir Total Enthalpy B - see shock Qanerator alagram (inches) 3.399
To = 2.2619X10¢) degR Reservoir Total Temperaturse

M= 11.9630 stream Mach Number

u e 5,3100Xi0+3 Ft/sec tream Veiocity

T e 7.9396X10+1 aegd ream Temperature

4 e 2.%C24X10-3 PSIA m Static Pressure

RN = 2.5954X10-6 Siugs/Ftld m Density

My = 6.30%7X10-9 Slugs/it-sec m Viscosity

Re = 2,1951X10¢5 1/Ft stream Reynolids Numbsr

PO’ = 4.6927X10-1 PSIA Pitot Pressure

Q - 2.5%093X10-1 PSIA Dyramic Pressure (Rno U=2/288)

Ml = 2.9475 Shock TuDe Incigent Shock Mach Numoer

He = 3.2626X10+6 (Ft/sec)2 wall Enthalpy (Cp Tw)

CPL = 2.98%1 1/PSIA Pressurs to CP factor (1/Q!

CHEL = 5.0501X10-3 Ft2-s/8TV West Rate to CH factor {178/ (Rno U (Ho-Hw}})

QofR=  4.26)4 BTU/FL2-3% Fay-Rldde:]i Heat Transfer {1.00° Diam Sphere)

Run 14
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-

Angular Position Relstve to Stagnation Point (degrees)

PRESSLAE vs Cauge Position
Run 14
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BLACK AND WHIT . -1OTOGRAPH

Test Conditions Model Paramerer Vaiue
Po = 3.773CX10¢2 PSIA Ressrvolr Total Fressure A = see shock generator diagram (incnes) 9.921
Ho = 1.5357X10+7 (Ft/sec)2 Reservolr Total Entraipy B -~ see ShOock Qereralor dlagrar {incnes) 3.389
To e 2.3637X10+3 aegR Reservoir Totai Temperature

L] - 11.919 Freestream Mach Numbar

u s $.4537X104) Ft/sec Freastream Velocity

T e 0.4172X10+3 degh Freestream Teamperature

4 e 2.5109%X10-3 PSIA fFreestream Static Pressurs

Rho = 2.4260X10-6¢ Slugs/Ft) Freestream Density

Mu + $.6700X10-0 Slugs/Ft-sec Freestream Viscosity

fe = 1.9012X10+5 1/Ft Freestream Reynolas Number

Por = 4.685)X10-1 PSIA Pitot Pressurs

Q « 2.505%4X10-1 PSIA Dynamic Pr ure (Rnho U~2/208)

L= 2,034 Shock Tube Incident Shock Macr Nurmber

Hw * 3,2669X10+6 (Ft/sec)? Wall Enthalpy (Cp Tw)

CPL « 3.991) 1/PSiA Pressure to CP tactar (1/Q}

CHI = 4.8637X10-3 ¥i2-s/BTU meatl Rate to CH factor (778/{Rno U (HO-Hw})

QorR-  4,5%604 BTU/sFL2-8 Fay-Riddell Heat Transfer {1.CCY Dlam Sphere)
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SLAGR AND WHITS vHOTOGRAPH

Test Conditions Model Parameter Value
Po = 3.3080X10+¢2 PSIA Reservolr Total Pressure A - see shock generator diagram {inches) 8.718
Ho = 2,2782X10+7 (Ft/sec)? Reservolr Total Enthalpy B - see shock generator diagram {inches} 3,637
To = 3.3954X10+3 degR Reservoir Total Temperature
“ - 14,6370 Freestream Mach Number
v e« 6.6809X10+3 Fr/sec Freestream Velocity
T = 6.3705X10+1 degR fresstream Temperature
P - 4.8665X10-4 PSIA Freestream Static Pressure
Rho = 4.7139x10-7 Slugs/Ftld Freestream Density
Mu = 6.6416X10-8 Slugs/Fr-sec Freesstream Viscosity
Re = 4.7418X10+4 1/Ft Fresstream Reynolds Number
pPo’ = 1,3662X10-1 PSIA Pitot Pressure
Q@ = 7.3055X10-2 BSIA Dynamic Pressure (Rho u~2/268)
M{ = 3,8096 shock Tube Incident Shock Mach Number
Hw = 3.2694X10+6 (Ft/sec)2 wall Enthalpy (Cp Tw)
CPf = 1.3688X10+1 1/PSIA Pressure to CP factor (1/Q)
CHf = 1.2660X10-2 Ft2-s/BTU Heat Rate to CH factor (778/{Rho U (Ho-Hw})
QoFR= ¢.0970 BTU/Fr2-s Fay-Riddell Heat Transfer {1.00* Diam Sphere)
Run 16

A-20
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Test Conditions

Po
Ho
To

-
>
o
LI TR T TR R I S I B I ]

cPt
CH! =
QofR=

3,32100X10+2
2.3144X10¢7
3.,4443%10¢)
14.6160
$.7335K10¢3
8.527Ix1041
4.9195x310-4
4.6767x10-7
6.7638x10-8
4.6397X10+4
1.3769X10-1
7.3626Xx10-2
3.
3.2700X10+6
1.3582X1001
1.2431%10-2
4.1936

PSIA
(Fu/sec) 2
dagh

Ft/sec

oegR

PSIA
Slugs/ftd
Slugs/Fr-sec
1/Ft

PSIA

PSIA

(Ft/sec) 2
1/8S1A

Ft2-8/BTY
BTU/Ft2-3

BLACK AND WHITE PHOTOGRAPH

Modei Parameter

Reservolr Total Pressure

Reservoir Total Enthalpy

Resarvolr Total Tempersture

Freestream Mach Number

Freestrear Vejocity

Temperature

Static Pressure

Oensity

viscosity

Freastresn Reynolds Number

Pitot Pressure

Dynamic Pressure (Rho U~2/288

snoch Tube Incident Shock Mach Number
wWall Enthalpy (Cp Twi

Pressure to CP factor {1/Q)

Neat Rate to CH factor (778/(Rho U (Ho-HKw)
Fay-Rigcell Heat Transter (1.90' Clam Spherei

A - see shock generator dlagram
2 - ses shock Qenerator diagram

Run 17

{inches}
{inches)

Value

8.312
3.%9¢C
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q ~ BTU

p ~ PSIA

Anguiar Position Retative 1o Stagnaton Point (degrees)

PRESSLFE vs Cauqe Position
Run 17

A-23

601
x
x
50 —
%X
x
40 —
x
x
30 - x
»
x
x
20 x
x
x
x
10 — : %
x 7 %‘"’w
x N
x x COXXx X x M xExx x
0 T T T T T T T 1
-70 -60 ~-50 -40 -30 -20 -10 0 10
Anguiar Position Relatve 10 Stagnation Poirt (cegrees)
HEAT TRANSFER vs Gauge Position
Run 17
l.ZT
x
1.0
.8 —
€ — x
.4
A x x
.2 —
< x
-0 T T T T T T T T |
-40 -38 -36 -34 -32 -30 -28 -26 -24 -22



ORIGINAL PAGE o
BLACK AND WHITE PHOTOGRAPH

Tes: Zonditions Mcdei Pararmeter Value
Po = 3.3100XiC-2 PSIA Reservolr Total Press.ce A - see 31-0CKk generator d:.agram
ro = 2.3175XiC+7 (Fu/sac)2 Reservoir Total Enthalpy 3 - see 3°0CK Qenerator alagram
T = 3.4137X10-3 degR Reservoir Total Temperature
¥ = 14,6390 Freestzeam Mach Nuwmber
u = §.7383X10-) Ft/sec Freestream Velocliy
T e 9.5118X.3+]1 degh Freestream Temperature
P = 4,8329X1C-4 PSIA Freestream Static Pressure
R = 4,6036X12~7 Sluge/Frl m Density
M. = 6,7516X12-% Siugs/Ft-sec Freestream Viscosity
Re = 4.5%44X10-¢ l/Ft Freestream Reynolds Nurber
P20’ « 1,3573x10-1 PSIA Pitot Pressure
Q = 7.257MX13-2 PSIA Dynamic Prassure (Rho U*2/208)
ML = 3,807 shock Tube Inclaent $Shock Mach Numder
He = 3,.2099X1Ce6 (Ft/sec)2 Wall Enthalpy (Cp Tw)
CPL = 1.3778X10-1 1/PSIA Pressure to CP factor {1/Q)
CHf = 1.2613X10-2 Fr2-s/BTV Heat Rate to CH facter (778/(Rho U (Ho-Hw)}
QoFRe 4.1649 8TU/F22-~8 Fay=Riddel]l Heat Transfer (1.00° Diam Sphere)
Run 18

A-24
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PRESS FE vs Cauge Pasition
Run 18

A-25

1
-24

1
-22



e ——— -

ORi=i L PAGE

BLACK AND WHITE PHOTOGRAFR

Test Conditions Mode! Parametsr Value
po = 13.3210X1042 PSIA Resarvoir Total Pressure A - e shock generator dlagram (inches) 6.437
No = 2.5092X109? {ft/sec)? feservoir Total Enthalpy 8 - sse shock generator diagrar  {inches) 3.264
fo = 3.3994X10¢3 oegh Reservolr Total Terperature

M = 14,595C nach Number

v = 7,0106X10¢3 Fr/ssc . VeloGity

T = 9,3203X10+1 degt Terparature

] e §.09:5X10-4 PSIA Static Pressuire

aho = 4.2552X1C-7 $lugs/Ftd Density

My = 7.3835x10-0 Slugs/Ft-sec viecesity

fe =~ 4.0403X10+4 3/TL Freestrear Reynolds Wumber

po’ = 1.358CX1C-1 PSIA Pitot Pressurs

Q e 7.2617X10-2 PSIA Dyramic Presscrs (o U~2/208)

ML = 3,900 Srock Tube Incident Bhack Mach Nurber

He = 3.3309X:10¢6 iFe/sec) 2 Nall Erthalpy (Cp Twi

crt = 1.3771Xi0e) 1/PS1IA Pressure to CP facter /e

CHE = 1.1983Xx10-2 Fr2-s/B70 Heat Rate to CH factor {778/(Rho U (Ko-He) )

QoFR= 4.500% PTU/FL2-S Fay-Riddel) Hea sransfer (1.CC° Diar Sphere)

Run 26
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Run 26
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Run 26
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ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

Test Conaltions Mode! Parameter Value
Po = 3.7980X10+2 PSIA Raservelr Total Pressurse A - see shock Qenerator diagram (Inches) €.168
Ko = 1.5193X10¢7 (Ft/sec)? Ressrvoir Total Enthalpy 8 - see ghock Qererator diagrar (inches) 92
To = 2.34%8X10+) degh Ressrvoir Totsl Terperature

L] - 11.9200 Fresstream Mach Number

U = 5.4245K10+3 Ft/sec Freestrear Velocity

T e §.3201K10+]1 degk Fresstream Temperalure

14 e 2.53)6Xx10-3 PSIA Freestreax Static Pressure

Ao = 2.4695X10-6 Siugs/Ftd Freestrear Density

My = §,6022XiC-0 Siugs/Fr-sec Viscosity

Re = 2.0205X10+5 1/FtC Reynolids Number

Po’ = 4.7074X1C-1 PSIA Pitot ure

Q = 2.%226X10-1 PSIA Dyranic Pressure (Rhc U“2/208)

ML = 3.0246 $rock Tube Incident Shock Mach Number

He = 3,2509X10+6 (Ft/sac)2 Wall Enthalpy {Cp Tw)

CPe = 3,9642 1/PSIA Pressure to CP faczor (1/Q)

CHf = 4.8675X10-) Ft2-8/BTV Heat Rate to CH factor (778/(Rho U {Ho-Kw)}

Qofhe 4,5143 BTU/FL2-n Ffay-Riddel]l MHea: Transfer {1.00° Diam Sphere)

Run 28
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Test Conditions

Fg-cxgy

Re
re’

L1
Ne
14 2 0
CHE =
Qofle

7.0830%18+2

©1.4523%10¢7
2.2620X12+3

12.1270
5.3088X29¢3
7.6924X1001
4.27171010-3
4.5082%10-8
6.1120%10-8
3.913700+8
0.3436K30-1
4.4081X30-1
2,983
3.2520%10+6
2.2606
2.0034x10-3
3.8100

PSIA
iFL/sec)2
degh

e/ sec

deqh

PSIA
sluge/rel
Siuge/Fr-sec
irfc

PSIA

[£37)

{Ft/saci
1/r81A

ft2-s/0T0
BSTU/FLi~a

Model Paramater Value

Reservolr Total Pressure

e shock generator dlagras
shoch Qenerator diagrams

Freestrsan Velocity

Freeatzeas Tempersture

Froestrean Static Pressure

Fresstzeas Density

Froeotrean Viscosity

freestteas Reynolds Numbet

Pitot Pressure

Dynamic Pressurs (Rho U°2/280)

$hock Tube Incident Shock Mach Wumber

Wall Enthalpy (Cp Tw)

Pressure to CP factor (1/0)

Weat Rate to CH factor (77/(Rho U (He=-Nw})
Fay-Riddell nHeat Transfar (1.00° Dlam 3Sprers)

Run 2%

A-30

{inches) 0.)68
(inches) J.19)
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ORIGINAL PAC
BLACK AND WHITE PHOTOGRAPH

Tes:z Conaditiors Moze., Pararezer Val.e

2o = 4.4C10X1043 PSIA Aeservolr Te:
We = 1.6330Xi0¢7 (ft/sec)? Reservelir To
To « 2,7201X.0<) degR rvolr Tola. Temperaiure
L] = 12,%438 m Mach N.mber

u e 5.9715X10+)} Ft/sec Velioc.tly

T e 9,1096X:2¢1 gegR r Terperatdire

[ 4 = 2.1227X10-2 PSIA Static Pressure
Aro = 1.8922X10-% Slugs/Ftl Jers. .ty

My = 7.21%8X13-0 SluQs/Ft-sec s Viscoslty

A - see s cCck Qenerator a:agras  (inctes: 8.)¢€R
B -~ ses $70I% gererator I.ajrac  {itcres)  3.192

Re = 1.9643X1Ce€ I1/Fc Reync.ds Numoer

Bor = 4.3766 PSIA (]

el - 2.343) PSIA Cyramic Press {Rho U~2/298)

My o= 3338 r Tibe Incide~t Shock Maln Numoer

Hw = 1.295%X10¢6 (Ft/sec)2
CPI = 4.2729X.10-1 1/PSTA te CP factor (i/3t

CHE «  4.57B9X.C-4 Fr2-w/BT0 Tt Rate to CH factor {778/(3r0 U (Fo=Yw)!®
QoFR= 1.7%564X.J+1 BTU/Ft2-s fay-Riccel! He Trarsiar {i.21° Olam Sprere;

aipy (Ip Twl

Ro= 37
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Test Conditions

Po
Ho
To
M

v

T

4
Rho
Mu
Re
Po’
Q
Mi
Hw
cet
CHt
QoFR=

4.1390%1043
1.7879X10+¢7
2.6565X10¢3
12.5570
9.0945X10+3
$.0831X10+1
1.9930X10-2
1.0253X10~-5
7.0182xX10-0
1.5330X10¢6
4.1100
2.2020
3.2509
3.2955X10+6
4.5411X10-1
4.9503%10-4
1.6471X10+1

PSIA
{Ft/sec) 2
degRk

Ft/sac

degR

PSIA
Sluge/Ft)
Slugs/Ft-sec
1/Ft

PBIA

PSIA

(Ft/sec)2
1/P81IA
Fta-s/BTV
BTU/Ft2-»

Reservoir Total Pressure

rvoir Total Enthalpy

Reservoir Total Temperature

Freestream Mach Number

Freestream Velocity

Temperature

Static Preassure

Fresstresm Density

Fresatream Viscosity

Fresstream Reynclds Number

Pitot Pressurs

Dynamic Pressure (Rho U~2/288)

sShock Tube lncident Shock Mach Number

Hall Enthalpy (Cp Tw)

Pressure to CP factor (1/Q)

Heat Rate to CH factor (778/(Rho U (Ho-Hw))
Fay-Riddel]l Heat Transfer (1.00° Diam Sphere)

Run 31

A-34

Mode] Parameter Value

A - see shock generator diagram

B - see shock generator diagram

{inches)
{inches)

9.220
3.133
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ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

Test Ccnaltiors vose. Para er Val.e
Po = 4.2920X1C+3 PSIA Reservolr Tota. Fressure A - sep SNOCK Qenerator Clajravw (irchest B.947
Ho = 1.7918X.Ce7 (Ft/sec)? Paservoir Total E-tra.lFYy B - see SNOCK QErersior 4lLajrav {ircres) 3.18°
Te = 2.€220x.Ced cegt kegervolr Total Terperaiure

L - 17.%99C Freestrear Macn N.her

u - 5. 971EXI0e) Frinec Freestrear Ve.oclly

T - 9.8 44X.C+1 aeg¥ Frees.rear Temperatdre

P - 2.32:6X13-2 PSIA Frees:ireas Static Pressure

fro = 1.8596X10-5 Freestirear Dersity

M., = £.988IX10-8 Slugssit-sec Freesirea™ Viscosily

Re = 1.57CaAXiC+6 I/Ft Freestrear Reynclds Nurber

Pc’ = &4.21%5 PSIA pitot Pr ore

Q e 2.2488 PSIA pyramic Pressure (Rno u~2s200)

My e 3.2044 srocx Tube Incigest Shock Mach h.mber

Hw = 3.37e4X10-€ (Fismeci? wa.l Erthalpy ($F W)

CP! = 4.44E7XICT-1 J/PSIA Pressure to CP factiocr (3/C)

CHt e 4. BLEAXLO-4 Fri-ssBTU keat Rate to Ck factor {178/ (Rnc U (Mo-Fw}

QoTRe 1.6644X1C-] BTV/TI2-8 Fay-Riodeil Weat Trarsfer {1.5C° Clam Sghere}

A-36
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ORIGINAL PAGE

BLACK AND WHITE PHOTOGRAPH

Test Conditlons Model Parameter Val.e
P & 4,2370X10+3 PSIA Reservoir Total Pressure A = see shock generator diagra®m (incres) 8.59)
Wo = 1,7437X10+7 (Ft/seci? Reservciz Total Ent ® - see shock generaiar dlagram [lnches) 3..84
To = 2.6143IX10+3 degR Reservair Total Tempe
L] = 12.%0:0 Mach NumOer
v = 5.8213X10+) Ft/sec Velocity
T = §,8025X1C«1 degR Temper
P = 2,032:Xi0-2 PSIA Static Pr
Rho = 1,9153X10~% $lugs/Ftl Dansity
Mu = 6,8226x13-8 Slugs/Fi-sec Viscosity
Re = 1,6)41IXi0¢6 1/Ft Reynolds Nurder
Po* = 4.2148 PSIA Pitot Pressure
Q - 2.2%00 PSIA Dynamic Pressure (Rho U*2/208)
ML - 3.228) Shock Tube Incident $hock Mach Nuvder
Hw = 3.2000X10+6 (Ft/sec)2 Wall Eathalpy (Cp Tw)
CPL = 4,.4370X10-1 L/PSIA Pressuze to CP facter (1/Q)
CHI = 4.9294X10-4 Ft2-s/B7U He e to CH factor {778/ {RRe U (Ho-Kw))
QoFRe 1,6149X.D+1 BTU/Fr2-8 Fay-Ridcell Heat Trarsfer (1,00’ Z.am Sprere)
LR Y]
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Test Conditions Mode. Farareler

0 » 3.9%0CX.1-3 PSIA Reservolr Total Fressure A - shozX gensrator dlagran (inches) 7,906
Ho = 2.1812x.5-7 (Fu/see)? Reservoir Total Enthalpy B - see shock generator dlagram {incres) 3.4
To = 3.1516X.Z-) aegh Reservoir Total Temperature

M - 16,2690 freestream Mach Number

v e $.3062X.3+3 Ft/sec Velocity

T e 6.42%4X.3+1 cegh Freestzeam Tamperat

P = 3.,0329x.3-) PSIA Freestzeam Static P

Rho = 3.0283xC $lugs/Ftld Fresstrsan Density

My = 9%.1241x.0-8 Slugs/Ft-sec fresstream Viscosity

ne = 4,.8609XiCe3 1/TC Fresstrean Reaynoids Number

Po’ = 1.0523 PSIA Pitot Pressure

-] e $.6269x10-1 PSIA Dynamic Pressurs (Rho u=2/200

My = J,6162 shock Tube Incident Shock Mach Number

Hw <« 3.3017X.0+6 (Ft/sec)? wall Enthalpy (Cp Tw}

cpr = 1,712 1/98IA ? ure to CP factor (1/Q)

SHE = 1.7193X.C-3 Fr2-s/BTU Meat Rate to CH factor 1?78/ (Rho U (No-Hw)})

QoFR=  1,0554X13¢1 ATY/Fr2-s fay-Ridoell Heat Transfer {(1.00' Diam Sphere)

Run 3%

A-40
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Test Conditlons

Po -~
Ho =
To =
N =
y =
T -
P -
Rho =
My =
e =
Po’ =
2 =
My -
He =
cre =
CNf =
Qofle

4.1920%123]
2.2437X10¢7
3.3150X10+3
16.1740
4.6410X10¢)
€.7793x10¢1
1.3052x10-)
1.9530x10-6
4, 4006X10-0
4.0631K10¢5
1.1330

€. 0506X10-1
1.7470
3.2761X10+6
1.6506
1.9462X10-3
1.1564x1001

PSIA
{Ft/sec)2
aegh

ft/sec

degR

PSIA
$lugs/Fed
$lugs/Fr-sec
1/F¢c

PSIA

PSIA

{Fe/aec) 2
1/P81IA

FL2-s/B7L
BTU/Ft2-8

ORIGINAL Pf\GE
SLACK ANRD WHITE PHO

wodel

A - see shock Qenerator diagram
8 - ses srock Qenerator d4lagram

Ressrvolr Total Pressuce
feservoir Total Ertrmalpy
tvoir Total Terperzature
m Mach Noooer

freestream Density

Freestream Viscosity

Fre eam Reynolds Number

Pitot Pressure

Dynsaic Pressure (Ano U“2/208)

Shock Tube Incid shock Mach Number

Wall Enthalpy (Cp Tw)

Pressure to CP facter {1/Q}

: Rate to CK factor (?78/(Rho U (Ho-Hw})
fay-Riddell Heat Trarsfer {1.00° Diam Sphrere}

Awn 6

A-42

TOGRAPH

Para~eter Valua

{inches}
(incres}

7.368
3.409
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rHEAT TRENSFER vs Gauge Posit.on
Run 16
T —
>
6—-4
5 -
x
‘—
3~ x
x »
2 —
1-4
x
x
x
0 T T T T T T T T T 1
-32 -30 -28 -26 -24 -22 -20 -18 -16 -14 ~-12

Anguiat Position Relative to Stagnation Point (degrees)

PRESSLIRE vs Gauge Pos:tion
Run 36

A-43



UriGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

Test Cordizions Value
Po = 3,9200X1Ce) ?2SIA Resarvolir Tota! Pressure A - shock Qe 6.922
Ho = 2.14)6X10¢? (Ft/sec)? Resarvoir Total Erzhalipy § - see SrOCK GEnerator d.ag 3.26¢
To = 3.1377Xi0+) 2egh Reservolr Total Temperature
M - 18.2750 Mach Nurper
v - §.4948X1C-3 T:/sec veloeity
T o §.3900X10¢. 3eQR Temperature
P = 3.0123X10-) ?51A Static Pressure
Rho = 3.0174X10-6 3iuga/ftl Darsity
My » $.1027X10-8 lugs/Fr~sec Freestream Viscosity
Re = 4.0599x10+% /Mt Freestream Reynolds Number
Po’ = 1.045¢ PSIA Pitot Pressure
Q = 5.99:2X10-1 ?SIA Oynamic Pressure (Rho U°2/290)
ML = 31,6000 s$hoct Tube Incident Shock Mach Number
Hw = 3.3017X10+% (Ft/sec)2 wall Enthalpy (Cp Tw)
crf = 1.7885 17981A Pressure to Cf factor (1/Q)
CHE = 1.73C4K1Z-) F22-8/87V Heat Rate to CH factor (778/(Rho U {Ho-Hw})
QofR= 1.0473X13e% 3TU/Fr2-s Fay-Niddell Heat Transfer (1.0’ Dlam Sphere)
Aurn 37

A-~44
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HEAT TRANSFER vs Cauge Pos it ion
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Test Conditions

Po
Ho
To

=
-4
°
"8 0 LY YY)

cet

QoFR=

7.0820X1042
1.4970X30+47
2,2027X104)
12.1300
5.3078X10+3
7.9261X10+1
4.2419x10-3
4.3293x10-6
6.2950Xx10-8
3.7139%104%
8.1791X10-1
4.3736x10-1
2.9408
3.2905%10+46
2.2064
2.6492X10-3
5.800M

PSIA
(Ft/sec)2
degh

Ft/sec

degR

PSIA
slugs/Ftd
Slugs/Fr-sec
1/7Ft

PSIA

PSIA

{Ft/sec)2
1/P81A

Ft2-a/BTU
BTU/Ft2-s

Ressrvoir Total Pressure

Resarvoir Total Enthalpy

Reservoir Total Temperature

Freeatream Mach Number

fresstream Velocity

Fresstream Temperature

Fresstream Static Pressure

Fresstream Density

Fresstream Viscosity

Freastream Raynolds Number

Pitot Pressure

Dynamic Pressurs (Rho U~2/208)

Shock Tube Incident Shock Mach Number

Wall Enthalpy (Cp Tw)

Pressure to CP factor (1/Q}

Heat Rate to CH factor (778/(Rho U {Ho-Hw))
Fay-Ridde)] Heat Transfer (1.00’ Di{am Sphere)

fun 38

A-46

Mode) Parameter Value

A - see shock generator dliagram
B - see shock generator diagram

({inches)
{inches)

7.3089
3.3
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Test Conditiorns

cre

5
H

Qof k=

7.1250X20+2
1.5300%10+7
2.3187x13)
12.1210
$.4401X10¢3
0.1169X10+1
4,2608X10-3
4.2041X10-6
6.4425620-9
1.6034X10+8
§.2165%10-1
4.3947X%.0-1
2.9894
3.3029K13+6
2.27%%
2.7096X33-)
3.9919

PSIA
(Fr/sec)2
degh

Ft/sec

degh

PSIA
sluge/Ftd
Slugs/Fr-sec
1/F¢

PSIA

(237,

{Fe/see)?
17081

Fr2-e/07Y
BTU/F22-8

Resezvolr Total Unt
ysir Total Terperature

eam Mach Number

cream Velocity

ream Temperatire

static Prassure

Freastresm Density

Freesiresn Viscosity

Freestrean Reynolds Number

ritot Pressuse

Dynamic Preassuze (Aho u~27280)

shock Tube Incident Shock Mach N.ober

thalpy (Cp Tw)

zre to CP factor (1/Q)

Heat Rate to CH factor (77€/(Rro U (Ho-Hw})

Fay-R.2casll Heat Transler {2.08° Diam Sphers)

Run 239

A-48

Model Parameter Value

A - see shoct Gererator alagram
B - see NOCK Generatar alagram

{inches)
{inches)

e,
3.

i
4
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Test Conditions

Po =
Ho =
To =
M -
U -
T -
P -
Rho =
My -
Re =
Fo' =~
Q -
M -
Hw =
cet -
CHI =
QoFR=

3.9440X10¢3 PSIA
1.8008X1047 (Ft/sec)2
2.6%06X10+3 degR

12.5450

5,9155X10+3 Ft/sec
5.9334X10+1 degR
1.9029%10-2 PSIA
1.7271X10~5 $lugs/Ftl
7.0810X10-8 Slugs/Fr-sec
1.4428X10+6 1/Ft

3.9243 PS1A
2,0985 PSIA
3.2450

3.3073X10+6 (Ft/sec}2
4.7653X10-) 1/PSIA

4,1800X10-4 FL2-8/BTU
1.6213X10+1 BTU/Fr2-s

Reservolr Total Pressure

1 rvolr Total Enthalpy

Reservolr Total Temperature

freestream Mach Numbar

Freestream Velocity

Fr Temperature

Fr Static Pressurse

Fresstream Density

Freestrean Viscosity

Freestre Reynclds Number

fPitot Pre rs

Dynamic Pressure (Rho U~2/208)

shock Tube Incident Shock Mach Number

Wall Enthalpy (Cp Tw)

gresaurs to CP factor (1/0)

Heat Rate to CH factor (7787 (Rho U (Ho-Hw})
Fay-Riddell Heat Tranafer {1.00’ Diam Sphere)

Run 43

A-50

Model Parameter Valus

A - see shock generator diagram
B - see shock generator diagram

{inches}
(inches)

8.761
3.402
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BLACK AND WHITE P:IOTOGRAFH

Test Coraitions Mods! Parareter Va..-e
Po = 4,223TX10e3 PSIA Reservolr Total Press.re A - see shock Qensrator diagram (incres) 8.482
Ko = 3.8138X10¢7 (Ft/sec)2 Rassrvolr Totai Entha.py : 8 - see shock generator dlagram 3,43
t0 = 2.6996110+3 degh Reaservoir Total Tempe Jre

M e 32,5000 Freestream Mach Nurper

U = $.3347X10+) Ft/sec velocity

T e 9.3C80X10¢1 degR Tamperature

P = 2.0871X10-2 PSIA Static Press.ce

ano o 1.0426Xx10-5 $lugs/Frl Density

My = 7.1392X10-8 SluQs/Ft-sec Freestresm Viscositly

Ae = 1.5322x10+6 /Tt Freestream Reynelds N.~der

for = 42169 PSIA itet PressJre

Q - 2.2%49 PSIA Dynamic Pressire (Rho U°2/2%6)

My = 3.2004 snock Tube Incident $mzix Mach NuTpers

Hw e 3.2093X10+6 (Ft/sec)? wall Enthaipy (Cp Tw)

CPL o 4.4349X10-1 1/PSIA Pressure to CP factor 11/Q)

ZHE «  4.7898X10-4 Ft2-9/BTV He Rate to CH facter (778/(R%0 U (Sc-Hwl)

Q0FRe  1,6992Xx20+1 BTU/FL2-3 Fay-Riddell Heat Trarsfer (1.20° Dia~ Sphere)

LA ]
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ORIGINAL PAGE
BLACK AND WHITE PiHOTOGRAFPH

Test Conditions Model Parametar Value
Po = 4.2000X10+43 PSIA Raservoir Total Pressure A - see shock generator diagram (inches) 8,052
Ho = 1.8566X10+7 (Ft/sec)2 Reservoir Total Enthalpy 8 - see shock gensrator diagram (inches) 3.404
To = 2.7407X10+3 degR Reservoir Total Temperature

M - 12.51%0 Mach Number

v - 6.0061X10+3 Ft/sec Velocity

T - $.2471X10+1 degR fresstream Temparature

1 4 - 2.0403X10-2 PSIA Freastream Static Pressure

Rho = 1.7889X10-5 Slugs/Ft) Fresstream Dansity

Mu = 7.3261X10-8 Slugs/Ft-sec Freestream Viscosity

Re = 1.4666X10+6 1/Ft Fresstream Reynolds Number

Po’ = 4.15%04 PSIA Pitot Pressure

Q - 2,2407 PSIA Dynamic Pressura (Rho U~2/288)

My = 3.3123 shock Tube Incident Shock Mach Number

Hw = 3,3017X10+6 (Ft/sec)2 Wall Enthalpy (Cp Tw)

CPf =« 4.,4629X10-1 1/PSIA Pressure to CP factor (1/Q)

CHf = 4,7438X10-4 Fr2-s/BTU Heat Rate to CH factor (7787 (Rho U (Ho-Hw))

QoFR= 1.7438X10+1 BTU/Ft2-s Fay-Riddell Heat Transfer {1.00’ Diam Sphere}

Run 45

A-54
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Test

Po =
Ho =
To =
M -
u -
T -
P -
Rho =
Mu -
Re =~
Po’ =
Q -
ML -
Hw =
CPf =
CHf =
QoFk=

Conditions

4.2480X10+3 PSIA
1.8890X10¢7 (Ft/sec)?2
2.7341X10+3 degR
12.5430

6.0586X10+3 Ft/sec
9,3739X10+1 degR
2.0265X10-2 PSIA
1.7528X10-5 Slugs/Ftd
7.4254X10-8 Slugs/Ft-asec
1.4302X10+6 1/Ft
4.177% PSIA
2.2340 PSIA
3.2836

3,3389X10+6 (Fr/sec)2
4,4763%x10-1 1/PSIA
4.7110X10-4 Ft2-s/BTU
1.7747%X10+1 BTU/FL2-8

SRAn

e AL
IAGINAL TROT

BLACK AND WHITE FiHOTOGKAFN

Reservoir Total Pressure

Reservoir Total Enthalpy

Resarvoir Total Temperature

Freestream Mach Number

Freastream Velocity

Freestream Temperature

Freestream Static Pressure

Freestream Density

Freestream Viscosity

Freastream Reynolds Number

Pitot Pressure

Dynamic Pressure {Rho v~2/208)

shock Tube Incident Shock Mach Number

Wall Enthalpy (Cp Tw)

pressure to CP factor (1/Q)

Heat Rate to CH factor {778/ (Rho U {Ho-Hw})
Fay-Riddell Heat Transfer (1.00° Diam Sphere)

Run 49
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ORIGINAL PAGE
BLACK AND WHITE Pit

OTOGRAFH

Test Congitions

Po = 3.9850X10+3 PSIA Reservoir Total Pressure

Ho = 2.3354X10+7 (Ft/sec)2 Aeservolr Total Enthalpy

To = 3.)570X10+3 degk Ressrvolr Total Temperature

M - 16,1570 fzeestream Mach Nutber

Y] - §.7782X10+3 Fr/sec Fr Velocity

T = 1.0707%10+1 degt Freestrean Temperature

P s 3.1075X10-3 PSIA Fresstream Static Pressure

Rho = 1.56)4X10-8 Slugs/Ftd freestream Density

My * 5.626CX10-8 Slugs/Ft-sec Freestream Viscosity

Re = 4.2916X10+% 1/ft Freestream Reynolids Nurter

fo' = 1.0631 PSIA Pitot Pressure

Q = 5.6846X10-1 PSIA Dy=amic Pressure (Rho u~27200,;

ML = 3.7430 sShock Tube Inclden:t Shock Mach Number

He = 3.3265X10+6 (Fr/seci2 Wall Enthalpy (Cp Twi

oPL - 1.7591 1/BSIA Pressure to CP factor (l/Q)

CHE = 1.6083Xx10-3 Ft2-s/87V Hest Rate to CH factor (778/{RRo U (Mo-¥wll
QafAs 1.1730X10+1 BTU/Fi2-s Fay-Riadell Heat Transler {1.3%" Diam Sphere)

Rurn 59
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Q ~ BTU'SQ. FT/SEC

14 4

12 ~

10 ~

O,

% X x
‘)é.

% A

=70

1 I T J 1 1 1
-60 -50 -40 -30 -20 -10 0
Anguiar Position Relatve 10 Stagnaton Point (Gegrees)

HEAT TRENSFER ve Gauge Position
Run S0

-40

{ 1 | 1 1 i 1 I
-38 -3¢ -34 -32 =30 -28 -26 -24

Anguisr Position Relstive 10 Stagnation Point (degrees)

FRESSLFE vs Cauge Posit.on
Run S0

A-59

~22



CNLT e AR Lt ca e
(IS ICHIN S

BLACK AND WHITE Tt 0CKAS Y

cest Congizions

20 o 4,)C57X104) PSIA feservolir Total Press.re

o = 1.9531X10+7 (Fu/sec) Reservolr Total [ X381 8-

"o = 2,7723Xi0°3 degR Ressrvolr Total Temperat.ce

L] . 12.%422

v e 6.1597X10+3 Fr/sec

T - 9.6006X1C+1 degh fFresstrean Temperature

L 2.0352x1C-2 PSIA Fre m Static Pressure

ano = 1.7046X10-5 $lugs/Fed Fre n Density

My o 7.6857X10-8 Slugs/Fr-sec fresstrear Viscosity

Ae = 1.)688X10+6 1/Ft Fraestream Reynolds Numter

por = 41942 PSIA pltot Pressure

] . 2.2420 PSIA Dyramic Pressure (Rho L°2/200)

M{ = 1.293% shock Tube Incident Shock Mach Nurmber

Aw = 3,370CX10+6 (Ft/sec)? wail Enthalpy (Cp Tw}

2Pt o  4.4588X10-1 1/PSIA fressure to CP factor (/A

“xf o 4.3964X1C-4 Ft2-8/BTV Heat Rate to CH facter {776/ (Rho U (Ho-Nw})
SofR= 1.8475X10+1 BTU/Fe2-8 Fay-Rlddell Heat Transfer (1.0C° Diaw Sphere)

Run 53
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q ~ BTUSO FTREC

24 M

22 -1

20 —

16 =

14

12 4

10 -

=70

~60

I i

-%0 ~40 -30

i

1
-20

1
=10

Angulsr Position Relative 10 Stagnation Pont (cegrees)
HEAYT TRANSFER vs Cauge Pos:ition
3

Run

~40

-8

-36 -4 -~32

~30

-28

Anguiar Posiion Relative 10 Stagnation Point (degrees)
PRESSLFE vs Cauge Pos:'tion

Run

A-61
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Cauge
LaDe i
{1211
aTLY
nls4
(152 ]
L2 H
TSl
nyo
K149
nTal
n1e?
nrTe s
n1ey
nTad
n1Ted
NT42
nidl
NT&D
[3&1]
nile
N1)?
ntls

Gauge

ilabel
nrse
[ 22 1]
[ 221]
nisd
[}
u1sl
nrso
NTed
nT48
nye?
NTe
nred
[3(1]
nTe}
nta2
NTHY
nTed
n339
nwils
NT3?
LY 1%

Gauge
lacel
[ b41]
14 1]
nrse
n153
nrd2
N3l
KT%0
nies
(21}
nie?
[2{1}
nTeS
NTA
NI4D
NT42
LR L3S
WT40
[321]
[321]
nt3?
(321

Gauge
Label
uTse
HTYS
[ 221]
(242 ]
K192
nTh
nre0
uTe
nTas
nTe?
(341 ]
W14
(321
N1
w143
L
nT4d
nide
[ 3#1]
w1
W16

Value

1.764¢
.33
2.0001
3.20%¢
3.e8)¢
[ 3% 331
4.03%¢
6.2601
4.293¢
4.3%0¢
49261
4.5%01
4.9%001
.39

4,008

(BTU/rL2-305)

3]
(1]
o0
L]
0}
0)
1]
(1]
[1]
[H]
o
4]
0
o}
(1]
7]
1]
o)
0
1)
0y

Run

Value

1.099¢
1.6874
3.039¢
.09
3.93%01¢
2.9 ¢
1.01%¢
1.0%94
3.0%4¢
3.003(
3.0

#ull
31880

wuil
3.2
3.3

Mall
3.3831
3.3
3.e001¢
3.0204

{aTV/ L 2-50c)

L4
o1
1]
3

0

0

01
(1]
0}
o)
(]}

L3
[

&
L
o
[

Run

Valve

wull

1.0
1.5061
1.6

[ TT3)

1.0
nn
1. 14¢
.246¢
2.28%¢(
N

wull

2.344¢
.40
2.472¢

wull

2.473¢

well
Hall
NHell

.97

8TV/TL2-Bec)

L}
1]
Q)

L]
o)
)
0)
[ []
)

Run

Valwe
1MTU/ L 2-80€)
[J]
0

$.2333¢

1.0

1.884¢

312,17
$32.1%
L3R 2% o)
$32.32
333.40
$32.3

Cauge
Labe)
Ligl)
HT34
[ 183 ]
w332
N1l
¥T30
uT2Y
NT28
HT2Y
NT26
H12S
T4
n
nT2
N2l
WT20
K719
N1 8
wn
nns
nty

Loc.
1eeg)
=-32.2)
-31.70
«31.48
«31.10
-30.9¢

3 fndused Dats Tabulstion

T surf
1Degh)
$30.5%¢
$30.9%
1.8
931,49

332,88
$32.%¢
$33.74
2.0

Gauge

Ladel
T3S
WT34
(323}
[ 143
W1l
N30
NT29
n12e
NT2?
"I
ur
[32]]
K133
nr22
NTD)
HTI0
NT19
NTIO
[33%)
ntie
(2431

we.
ideg)
-32.2)
“-n.m
-31.440
1

4 Reauces Dits Tapalation

1 surt
(Degh}
MNull
326.32
326.6)
83¢.7¢
Null
$27.17
2.
327.2)
327.2¢
$21.29
921.2%
L1}
$27.04
321,38
.
dull
$37.30
wull
wall
wull
$27.47

Gauge
labe)
u1)S
(231
n13)
wT)2
n
NTI0
N1
uT20
w127
nT26
4128
wrad
XT2)
122
[121)
NT20
(3¢
(330
[ 228
[ 28]
(353

Lot
teeg)
«32.1)
=31

9 fReoused Data Tadulation

t surt
1Degh}
33%.17
337,03
330.62
340. 67
$42.4%
344.8)
943,02
346. 14

Gouge
Label
L3213
Nt
"t
n132

ur20
[ 223 ]
[ 1214
[ 32%}
utie
uTIS

tec.
tesq)
-32.2)
-3.71
=31.48
=31.18
«30.09
«30.4¢
«30.36

-26.38
«14.31
-35.99
-25.1¢
34,02

6 Reduced Date Tabuiation

A-62

[{ 2243
[ 1)

Value

S.902¢

3-Bac}h

0)
o
o)
L]
(1]
(1]
[}]
o
.1
&
2]

[3]
LH
o
0}
0
o)
[-1]
L)
L]

Value

3.478¢
3.0
).501¢
3.218¢
3. 007
3.%04¢
3. 848 ¢
3.9484

3.99¢

18TU/ TR 2-80¢C)

Value

1.879¢
24604
2,901
3.6411
3.788)
3.004¢
3.070¢

sull
2.7
2,743

Value
MU/ 2-8ec)
)

dTU/fL2-8eC)
2.996¢ 0

}
o)
o)
[J]
(1]
[ 1]
(1]
(1]

1.080¢0 )

2.063¢
2.1024
2.108(
2.347
2.3

#ull
3.408¢

116 ¢

1
n
u
3]
1

1

Gaugs
label
HT14
w1l
NT12
wril
wTie

nTed

NT6l
NTSY
L3241
NP
NT60

Gauge
Lenel
NT14
L343 ]
NT12
X1}
NT10
ute
Hte
un
NTS
NS
NTE
(3¢
uT2
L3 T
Nt
NTé)
NTS?
NTSS
(321
HTHO

Leoc.

198q)
-24.2%
-23. 12
-23.28
~32.9%
-23.08
«22.01
«31.49
-1
-13.n
=12.3%
-8.00
«3.30
2.3
-2.)8
.00
.24

les.

{deg)
-34.20
-n.1
~3.0
«33.90
«23.38
-12.03
-11.48
-1
18.23?
=13.3%
«8.00
«$.30
«3.3%
3.3
.00
.34
2.2¢
4.40
1.01
.83

Value

3.608¢
$.095¢
$.783¢(
$.8045¢

null

Hall
.62
$.4261

#ull
$.782¢
5.072¢
04
3
"
$.1234
6. 402 ¢
6.3261
.11
T390
$.7489¢

{BTU/FL2-30¢)

0}
L1}
[J]
o)

Value

3.99%¢
4.098¢
4.0481
3.9

Mull

wull
4.340¢
4.195¢
4,039
.82

{BTU/TL2=0ec)

1]
L]
[

L]

0}
[.1)
0
o
L]
1]
01
01
0)
0!
)
o)
[
0)

Value

3.0001¢
3.0 ¢
2.9401
3.0%6(

Well
3.180¢
3.350(
3.

Valwe
{BTU/1L 2=Bes)
1.98¢

Wil

6.032(

(BTU/FL2-8ec)

(1]
(4]
[ ]
(]
(]
0)
L]
0}
L

Y]
b1}
n
1
H
2]

T surt
toagh)
$3).12
$33.2¢
$33.16
3.1
uwil
wull
.27
NN
Null
$34.09
$4.4)
$34.94
$4.47
94,61
334.5%¢
$34.24
$34.23
$3¢.2¢
524.10
513.9

T surt
{bogd)
$33.29
.02
3.3
$33.2%
wll

nall

$3).40
$32.40
$34.3¢
$34.0%
934.2¢
$34.03
N
$34.12
334,16
$34.22
$34.32
$34.348
$34.14
$34.2¢

1.3
$34.)7
0NN



Gauge Loc. Vaive T burt Gauge lec. Value T Sur? Gavge Lec, Valve T Surf
Label i0eg} {BTU/FL3-Buc) {Degh; labe) {eeg! (ATU/TL2<-8ac] (Degl) lanel {eeg) {8TU/FL2-88¢c] (Dagh)
MY -44.2) 6€.220( 0) H [ 28 1] 32,13 €401 $60.30 NT14 -34.2% 1.000( 1)) $23.06
HT3S -32.7%¢ .27 0 [ 22 1) -31.7 4.081¢ 1) $56.97 Lygb) «13.72 [ RITYRT! $34.39
HTYe ~52.4% 140 1 X133 -31.4¢ .8 $33.80 w12 «33.20 .842( 0) 325,64
HT3) 48,1 Y.aan NT)2 L} Nt =32.90 9.322¢ 09 33%.42

L192 .oy L3 )] ntio -0 .499 1 0) 4.9
L2221 2.403( 1) NT30 e -22.0 5.811¢ 0) 5.1
NTSC 2.9%8( Wt nTe =21.49 1.083¢ 1) $37.2¢
W4y LYY w2 " -17.0 $.31( 0 $35.2¢
nT 40 .62t 1 kT2 "o -15.37 8.018¢ &) $3¢.79
nie? LR AURY) 2.9 HT36 NTS «1).3% T.4711¢ 0) 938,78
KTeh .My 1.6 HI2S L] =0.00 2.099¢ 0 I 17
nres .0 Mm.n NT2¢ (13 ] $.30 8.603¢ 0 $36.0%
HT44 €.327¢ 1) $7¢4. 41 NT2) NT2 2.3 7.430¢ 0} 3367
NTa [ 376.5¢ NT22 (21} =2.39 s8¢0 0) 534.90
HT42 379,70 L 20} n <0 1.026¢( O $3¢.20
HTQ) 78,59 nT20 ’el .24 0.691( 0) $38.79
MTeL $17.) N1 NTSY 2.24 7.869( O $36.22
N1)Y 374,86 N110 [22]] 0 1.90%( O 334,32
kT30 $72.3% W71 NTSY 7.0 4.51%¢ O) $33.5%¢
HTIY 468,92 Lag¥ } 1.08:1 1 e i1 ] 9.05 6.080¢ 01 $3s.08
[ 2¢1) $.028¢ 1) 384,07 HT1% 1.31200 1) $35.07

Aun P Reduced Data Tabulation
Couge Value T Surf Gauge loc, Valus Gavge loc. Value
Laval IBIU/TLa-Bec)  (Degh: te (Geg) (BTU/FL 2-3ec) Labe) teag} {BTU/FL2-800)
[321] Y.420( 0y 334,00 NTIS -32.23 4.0 3 NTI4 1.42¢ . 0
NTSS $.1410 0} $31.00 K14 “-n.n 3.99%0¢( 1) [ 3281 1.2332¢ 1
NTS¢ .40 n 8.2 HT)) -31.40 6.600( 1) NtT12 1.3t
Lix2] 1.3 1y M. N12 =31,10 1.201 1) K711 1.33( 1y
nIh2 1.483( ) ). NTH) -30.09 .04 1) L1l ] .00 1
Lig D] LR LIXIRY) 847,00 W70 -30.68 .01 14 ] L,
NT50 2.297¢ ) 347.1¢ NT29 Null nre 1.404¢ 1)
nTep 2.0 1) 346.19 urT2s 1.000¢ 2y 18] 1.0713¢ )
nT40 1.71%8¢ 1) 345,39 w27 1.008¢ 3 KTé
HT4? 1.9001 1y 344.97 HT24 $.A81 1) TS
HT4s 131 1 345,00 KT2 .542( 1) N1
HT4D 1.3%¢ 3y NT2e 11D nry
NT44 1.300¢ 1) N12) [ L 2NN ¥ "
[ 2L} 3.298¢ 1) N122 $.06¢¢ 3y nre2
nIe2 1.3 1 KT 4.2870 1) L bp]
HT4] l.4860 1) T30 J.4a ) NTH)
HT40 3.0 1.0 NT1® 2.7 1y NT$?
Ligl) «34.02 .oy KT8 2.30%( 11 L 141 ]
[ 1 ] «33.%7 2.3000 ) LEs R 2.0%8t 1) KHTs9
L3S R -33.12 2.8 1 WTie 1.706¢ 1) HT6O .08 1.216( 0)
N1de ~32.48 3.908 1 1y (22} 1.986( 1)

Run 10 Reauced Dsta Tabulatior
Gauge Loc, Value T Surt Gauge loc. Vaiue T surt Gauge lec. Valve T surt
laba) (BTU/Fra-Bec) (Degh) label (deg} tBTV/TL2-80c) {Degh) label (LT ]] {PTU/FL2-%ec) (Degh)
[34-1] 4.%021 0y 332.08 K138 ~32.23 [T 380.62 NT1¢ ~24.2% 8$.733¢ O $35.0¢
NTSS 6.240¢ 0) 4.0 L2 1] =ll.n T.808¢( 1) 300.7¢ w713 0} 335,90
NT54 7.034¢ 0) $35.% w113 =31.48 1) $78.40 wT12 [ ] 335,45
HTH) [-1] 836,94 HT32 =31.18 1 .6 [ r2}] 0 0} 835.2¢
NTS2 1} 537,90 HTH =3C. 0 1 $67.44 o -2.n 6.913¢ 0) [ 2T Y
NTS) 0) $41.0¢ NTIO =J0.¢¢ .38 1) 364.7 ure -32.00 923198
[ 221 L] $42.20 K129 =)0.¢ b.a0e¢ ) 360.43 (] ] -21.49 $5.3¢
NT4Y L] $42.02 uT20 4.593( 1) $56.07 w7 -17.0 $33.20
N1 0) 442,02 NT2? 4.0031 1) 353,88 (31 15,37 $3¢4.0¢
[ R 1] E L1 31 NT26 3.403( 1) L34 -13.3% j 2T ] )
NT44 1) %4601 MT2Y 0% 1 nTe L] $34.2%
W74 1) LI 1] NTZ¢ 2.480( 1) (32 $34.0%
NT4e Nuil NT2) 2061 1 nT: =2.29 $33.40
W14l Wull wr22 -27.90 1.0 uTe2 -1.3% $3).7
RT42 Nuli nT21 “27.4% 190 ¢ $18.08 Nt .00 513,10
L3P dull NI20 -27.01 1342 1) $90.10 NT6) . 3.0
uTe0 L 221 ] «24.8¢ 1.0311 1) 834,18 nrsy (] 41734 0) $33.3¢
NTIY n uT1R ~36.01 1.00¢1 3) $)4.02 nrse [N 1] “LIngeo 0N
[321] 1) NT1Y -35.99 1.601¢( 1) $36. 69 HTYS 1.01 4.1 0 33.11
HTI? 1) WTié -28.14 $26.30 uT60 .83 4.3%¢( 0} $33.10
Le 1] 20340 1)) 7N NT1S ~24.82 336,07

fun 1) Reduced Dsts Tabuistion
Gavgs loc. Value T surt Gauge loc. Value Gauge Lec. Value T surt
Labe) (BTU/Fr2-Bec) (Degh} Labe) (seg) {8TU/FL2-Bec) Label {oeq) {PTU/TL2-8a2) (Degh)
HTSE €0 2.0 [ 321) -32.23 2.604¢ 1) xTIe $.97%( 0y $30.3
HT3S ] $30.%¢C N4 -J.Mn 2.9 1) X122 1.32%1 0) $30,.%6¢
HT%¢ $11.%4 L8R ] =31.40 2.1M40 1) uT12 6.8564 0) $30.17
H13) $32.1% n332 =31.10 1.821¢ 1) [ 128 6.409( 0) $29.9
NTS2 0.9 L b ¢ )Y ~30.08 .Y uT10 5.0t 0) $28.45
Lig3] 3.7 L b8 1] =30.4¢ 1.6441 1) nre $.338( 0) 2.0
NTSO 346,14 nT29 =30.2¢ lL.a%(1 1 wts 6.480( 0y $30.03
HTeY 340.4) nT20 1.347¢ 1y " .74t 0) $30.04
L2L1) $50.1¢ n 1.1 ) nré .23 0y .0
[ 2L R $50.9) NT26 1.0924 1) NTS 4.21801¢ 0) $30.17
L1 ). 24 N1y 1.006¢ Ny NT4 4.225¢{ 0) .
HT4S $51.20 [ 221 I8 O 12 $.307( 0 $30.1)
HTe4 1%2.M NT2) ntr2 s.on( 0
HT4) 554,94 n722 nTé2 Bull
NT42 $50.0¢ N1l [ 141 4.045( 0)
LIL}Y 56,93 NT20 nTél 4.3465( 0)
MT40 $30. 3¢ NT) 9 sy 4.836¢ 0)
NTle 335,08 Lag) ] e 4.40 4.4 0)
HTlS NTi? t 221 .0 .42 0)
(33} (1473 n160 .08 a0
HTIE =)1.48 2.33%¢ 1) N2 T.ie8( O) $30.4%

Aun 14 Reduced Data Tabulation

A-63



Cauge Loc. Value 1 surt Gauge Loc. value T Burt Gavge Lec. Valus T sur!
Lebel  (aegl  (DTU/FLI-Sec)  (Deghl Lapal  {cag)  (BTU/Ft2-Bec) (Degk) Labal  taeg)  {BTU/Fr2-Sec) (Deghi
(341 -84.2) 3.676( 0) $29.49 NT)% -3J2. ) 1. N H114 .28 (1S 2 YR Y] 349.20
TS -37.74 .04 O $30.54 HI -31.70 1.9 N HT1) -23.12 .00t ) $44.02
21 -42.4% 6,829 0) 331.0¢ 13} 1.47%¢ 1} uTi2 ~23.20 1.8 N $30.46
TS .99 0) 332.9¢ H1)2 1.4530 %) WTil -22.%0 1.0200 13 $3s.1)
nTS2 0.485( O} 533.29 W13l 1.290¢ 3} T30 -32.00 0.34¢¢ 0} 332.01
14} «39.9%¢ 11020 ) 93644 w10 «30. 66 1.2%0¢ 1) wre -22.01 7.560¢( O) 932.49
NTSC  -39.09 1.8 D $34.52 NT2¢  =30.36 1.0 M) Nte -21.49 6P O 332.10
nred =38.684 1.1284 1) S nT28 -30.14 9.%2{ &) w11 -11.2 8,047 O) $33.1%
NT4S -30.20 1,330 1) L 31 HT «29.04 0) NTe 153 7.963( ) $32.12
Hta? «37.7% 1,146 1) 934 HTe ~29.%4 [}] $45.00 W13 «13.2% 7.430( 0 $32.10¢
niee «37.30 1.200¢ Ny 439, [ 324) -29.24 (-1} 349,24 (21 -p.00 7.3861 O 931,90
[ 2L 1] -34.0% 11854 1 9. HT24 1 352,64 (3¢ -3.30 6.066( 0) 331.2¢
nidd -38. 4} 1187 ) 335,16 n2) 1 3%2.0) W12 -3.3% 7380 0) $31.02
nT4Y L) 1820 ) 335,12 NT22 11 $%2.9) 762 -1.3% $.0%8( 0 $31.3)
uTa2 [} 149000 935.14 T} 1) $33.11 LI .00 ) $31.%
3L} -34.91 108400 3 834,91 nto -37.01 1 32,19 el 2.2¢ o) .20
[ 3£1] =34.%4 1.2100 1 $34, 08 (398 ] -16.5¢ wull K137 2.2 [-1] $)..70
nTIS =34.02 .27 4. 87 (341 -26.11 H $59.09 ntse 4.4 [-1] 531.22
(391 ] -33,97 1,390 ) 334.3¢ AT «25%.99 n 362,40 TS 1.0 -] $30.7¢
nT)? -33.12 1,300 ) $34.42 (2813 «35.14 19 562.5%0 UTE0 .8 L1} 930,67
e =32.60 1,429 1) $)4.49 [ 22% ] -34.42 T.18%¢0 0 $36.2%
fun 15 Regucea Dats Tadulatior
Gauge velus T surf Cauge lec. Value T surf Gauge ec, Valve T surt
Lebal (8TU/¥t 2-50c)  (Degh) Lapel (segQ) {BTu/srL2=-8sc)  (Degh) Lebel [TTT 1] (8TU/FL2=3ec)  (Degh)
HTS 2.8%¢0 0) 310.24 HT)S -31.30 13400 N L3N] -14.40 3.382¢ O} 9.1
NT$S =47.99 4.063( O} . HTl4 -21.9 $.580( O) (129 -13.87 3.3764 O 931.6)
[;21] ~42.60 3.42%5¢ O 3.3 Nl =31.43 0.291 0) T2 -13.40 J.o6( O $)1.5%¢
RTS) ~38.3¢4 3.702¢ 0) $34.00 T2 -21.3) KT -13.0% 3028t 0) 331.60
nTH2 =34.69 3.600¢( Oy 340,07 N7 -21.04¢ ¢ NT10 -12.9) 2.682¢ G} $31.24
NT51 -29.69 2.1%74 1) 5%4.0¢ [ 38 1.] =-20.01 6.364( 01 (.38 =12.1¢ 2.9%4( O $31.7%
NT30 -29.24 2,229 1) s%¢.M NT29 -20.%) $.713%¢ O} NT® -11.6¢ 3.0624 0} 831,60
NI4P -20.7% 2.8 11 $%5.07 NT28 -30.39 .21 0 BI? -7.38 .MM 0 .M
nTed -28.2% 2.920t 1) $35.9) T [ 24 -5.32 1.8221 0 $31.73
nTe? «17.90 3.1 1) $57. 44 nT2e ~19.¢% e ] ~3.%0 4,000 0) 331.64
(2L -21.4% 4.02%¢ 1) 930.9%) (323 -19.39 NT4 1.0% 4.9 % $31.9%
3L} ] -27.00 4.%23¢ 1) $30.0) AT24 -16.9% HT) 4.%% .10 $31.%)
NTa4 -20.%6 3.0 1) 335.8% NT2) -16.50 NT2 T.46 3.9 0y $31.3%
W14l -26.0) 3. n 454.9 w22 -18.0% nre2 7.4¢ .t m 831.40
nt42 -2%.5%% 3.1 1) 433,00 HT21 -17.60 L32} .03 3.082¢ O} 331.41
nTal -34.0¢ 2.1 D 351.9% HT10 ~17.16 [ 243 12.09% 4.078¢ 0) $31.9%¢0
KT40 24,69 2.188( 1) 347.17 NT1Y =16, 71 NTS? 12.09 3.768¢ 0} Mm.a
L3281 24,17 1.76%0 1) 34). 48 w10 -14.24 HTSD 14.3) 3.%621 0y $31.2%
KT8 -23.712 1.823¢ 1 $42.9% w71 «19,7¢ [ b2 1] 16,86 .00 1. 2¢
niy? -23.17 1.5 1 540, 8C NT16 -18.29 [311] 19.10 3.4721 ) 1.2
nrl)e ~21.8) 1.308¢ 1 539.0¢ MT1 -14.77 3.3984 0)
R.n 16 Reauced Datas Tabulation

Gauge Loc, Value T surt Geuga Loc. Value T sSurt Gavge Loc. Value T Surt
Label tasg) (BTU/FL 2-8ec)  (DegR) Laoel (083} (BTU/FL2-8ec) (Degh) Label {aeg) {8TUsFt2-8ecl  (Degly
[341] ¢ 2.3761 0) 529.9¢ N33 -32.2 4,90 ) s711.M HT14 -34.25 41381 0 5$33.79
T 3.704( 0} $31.5¢ (381 =31.78 3.4581 1} 848,40 HT1) -3.12 .m0 $33.0%
uIN 4.778¢ 0) 2.9 22 B =5n.¢ 2.%470 ) 567,64 nTi2 -23.28 3.%66( 0) 33.4)
ursd $.410( 0} 334.69 HT2 -3.18 2.33%¢ 1) 342.69 X711 -22.90 3.020¢ O} 333.16
nTa2 .33 0) $33.02 NTJL «30.89 21360 1) $60.9% 110 -22.00 3.995¢ O} $32.47
NTS) -39.%4 43001 O nTiC -30.46 1.6200 1) $57.3%8 NTS -22.01 4.0 &) $32.00
(441 6.3371 0) NT29 LMD 31 NTE =31.49 4,034 O) 832.49
NT4Y 1.1 0) NT28 1.048( 1} 351.64 NT? -11.33 3.807 1 O 2.4
nras 0.548¢ Oy wn $.547( 0) $91.01 WTe «15. 0 3.5061 O) .7

Nt =37.7% 1.0 0 L2351 =19.%¢ 8.428( 0} 340,14 L3¢] -13.38 3.218¢ 6) $32.17

NT4S -37.30 1.8760 1) NT23 1.016¢ 0) $40.12 [ 21} -8.90 3.0040 O $32.0¢
{3 ] -1¢.0% 2.0 1) HT2e 6.9 O $45.93 L] =$.30 3.0001 & 931.60
NT44 «36.41 2.e221 1) W12} s.300( 843,34 12 -2.39 2.9041 01 1.4
NT4) =33.00 2.645¢ 1) w122 «37.90 3.944¢ 0) sa.n NTé2 -2.30 1.7C( O $31.09
nTa2 -35.44 2.4 NT21 ~31.4% 9.4%4( 0} 340,21 L12) .00 1.030( 0 5)1.29
urel 3. N 3.8 ) K130 =17.01 $.19¢( 0) 439,14 NTel .24 3.40%¢ 0) 331.48
nT40 ~)4. 5 Lo NT1® -26.%¢ 3.1131 0) 339.1) L] 2.4 1.762¢ 0} $1.)%
N7 =34.02 4.8 N nrie =23¢.131 4,920 0) 330.19 NT38 .9 2.749( 0) $33.2¢
(321} =33,%7 .80 1) L3R ~23.%9 [l LYl 336,96 N7 7.01 2.693( O} $31.19
ur)? =3.32 $.363( 1) L2 8Y ) -35.14 44021 0 .N NT60 .00 2.64¢{ O) $31.0¢

(3217 -32.60 .56 1) wne 34,62 4.3121 0) NeN

fun 17 Reduced Dats Tabulstion

Loc. Yalue T surf Cauge wec, Value T surt Gauge lee. Value T surt
(L1 ]] {BTU/TL2-88c)  (Degh) Label (seq) {BTU/rL2-80c) 108 Label (seg) (TU/FL2-8ec)  (Degh)
44,30 1.413( O} $32.01 (2} =33.3) 1.089( 1) 540.04 NT14 «34.2% 3.913¢ 1) 363,92
-371.74 2.334( 0) 932.9% WT34 -n.n Null [ I'1%) nT13 -233.72 2,400 ) 91,28
[-}) $3).93 NT3} 1.072¢ 1) 341.30 N2 =23.20 1,946 1) 997,38
o 33%.02 (22} 1.0340 1) 341,13 L 12} -22.90 1160 431.02
L] 35.9) [ 22 11 1.000( 1) 341.90¢ NT10 -22.39 7.9%0¢ O} 353,59
L] 371,01 (38 1] 3.137¢ 3} 342.7 u7e ~32.01 . 952.26
o) 3.4 nTde 1.000( )} 542.29 NTO -21.49% 330,45
o) $37.%4 nt2e $42. 34 "l -17.2) 340.4)
o 937,64 NT2? 342.7 nTé -15.3? 336.M2
[-1] nT2é 342.9 NTS 315.9%
-] NT2Y N N7 335.8¢
0) T4 344N NT) 933.08
1] w2l .60 2 2.8 938,24
o nT22 347.99 NT62 2.3 334.%9
1] " $51.02 a1 .00 $33.06
1] (321 ] $53.67 nTel 2.2 $33.08
0) NT19 361.46 sy 2. 3.088( 0 $4.81
o) L3417 ] 367,68 fis] ] 4.48 2.608( 0 934,50
AT}? M. NT39 7.0 334,44
o NT16 $76.146 KTEO .03 3.
~32.68 1.0000 1) NT1® 3.669( 1) n.n

Run 10 Reduced Data Tebulstlion

A-64



G uge Loc. Value T surt Gauge Loc,

labe) (deg) BTU/fL2-30c) (Dagh) leoe) (deg)
(3211 5430 3.307¢ 0y 330,00 NTI3 -22.38
KT43 «47.8% 4.4%( 0) $40.09 NTI4 -21.9)
NS4 ~42.6C $.%02¢ 0 $40.98 w13 =21.63
WTS3 «30.34 .93 0} LRI ] nr32 -21.33
WTs2 8.1t O 842,93 731 -21.04
L2£ )] 1.180¢0 1) T30 20,40}
WT50 IR R! Xin ¥} | 1] -20.%)
wTAY 1.3 1y wT28 -20.29
NT4l 1.332¢ 1) nn =19.9%
nT4? 1.50%( Ny N126 ~18.49
"1 19601 1) L 23] -19.39
LIEEY 1.0 HT2e =18.9%
nT44 1.940¢ 1) HT23 «16.5%0
NT4) 2.3 ) NT22 -i0.0%
HT42 3106t ) 351.09 NT2) ~17.4C
NT4) 3.830¢ 1) $83. 04 T30 =-17.1¢
NT40 $.304¢ 1) EEY 2% } NT1P -16.71
WIS [ PR AR} 562.4% Ti0 “16.2¢
[ 2e1] s.061¢ 3 $41.9%0 uT1? =15.74
L3R $.380( 1} 566.1C HT16 =~15.2%
L381) d.4804 ) 565.58 (22} ] -1¢.77
Run 26 Reduced Data Tabulation
Gauvge Vaiue T Surf Cauge Lloc.
Lave! (BTU/Fr2-Sec)  (Deagh) Lapel {aeg)
LigT] $. (o) $30.98 H1)$ ~32.08
NTSS 7.6650 0) $32.01 H134 ~21.93
N154 9.87%¢ 0) M. [ 3¢} -21.6)
[ 143 ] 1.110¢1 ) $15.06 HT13 -1.0
NTS2 1.282¢ 1) $35.94 NTH -21.04
NTS) 1.0 ) 337.1¢ NTIC =-20.93
k14 1.3380 1) 337.43 K129 «20.%1
"1y 1%¢ 1) $37.94 NT28 =20.29
N1l 1.3 N1 9
NTe? l.2020 HI26
KTe 6 1.2684 11 N12%
NT4S 1,305 1y N124
(321} 1.8 1) [ 23]
NT4) 1.2200 1y NT22
NT42 1.4300 1) L32)]
L 2L} 1.782¢ 1) HT20 =11.1%
NT4D 2.988( 1) HTI9 =18.71
NT39 3.8 Ly HT18 ~18.24
g1 ] $.793( NTI? =154
112 6.96%( ) LisY ] ~15.29

w126 ~22.8) 1.8 NT1S 1M

Run 28 Reduced Dsts Tabuiatior

Gauge Lec. Value T surf Gavge leoc.
lebe! {BTU/FL2-Sac)  (Degh) Lape! {oe3)
NTS$ $.714( 0) 8)0.4% HT)S ~22.29
NTSS Najl Mull HTI4 =21.9
Lol 11004 ) $34.50 N11) -21.8)
(24} 1.380¢ 1) 83624 (32 F] -31.3
HIS2 1.8%0¢ 1) 341,19 L2# 3 -21.04
L2 2.0 1y $41.9) [ 28 1] ~20.0
[ 14 11] wull Null NT29 -20.%
KT49 2.000¢( 1) 343,02 NT20 -20.29
L 121 ] LRI .M w2 -19.98
K142 l1.880¢ V) $41.00 HT2¢ ~19.49
Laf1] .38 4y 545.90¢ HT2S =-19.39
HT4S 2,21%¢ 1} 345,45 NTia -10.9%
WTa 2.341¢ 1) 346.7 NT23 -18.%0
NTQ) 20800 1) 2.9 K122 -19.0%
NTQ2 a1y LI T I =17.60
Hra) 2.3 $4).82 NT20 ~11.1¢
NTeO $45. 08 Ny «18.71
L2el] KT10 =316.2¢
KT NT1? -13. M4
N1 e ~15.29
NTIS 2.8001 ) [ 2ok ] -14.77
Run 2% Reduced Datas Tabulstion
Gavge lec. Value T surt Gauge Loc,
Labe} {BTU/FL2-8ec)  (Degh) Label (L 1]
(3211 3.048( 1) 360.01 L iRt} -22.30
[ 221 wull Null NT34 -n.7
nTIE “.M”Mn 7482 NTYY =21.4>
NTS) .1 D 303,82 NTi2 -21.33
nTs2 e300 ) mn -31.0¢
TS 7.045¢0 1) HTI0 =20.0}
N30 T304 1y Nt =20.%1
NTeP 7.055¢ 1) NT28
nTée 7.048¢ 1) uT?
NT4Y T30 N1
N6 T.%2¢¢ 1) Litt)
NT4S 1.834¢ 1) NT24
NI TN N1
HT4) 6.817¢ 1 N132
HTe2 [ NN NT23
HTA) M n NT20
NT4O 1.0871 2y "T1
NT)® NT18
N1 NT1?
N7)? | 29N }

Lx2 1) -22.0) .94 1y nT1S -

Run 30 Reduced Dats Tabulation

Vaiuve

{(BTU/FL2-802)

4,163 ¢

Nuil
1.0
1.2404
1.024
$.099(
7.480¢(
€.720¢
6,184
S.ea9¢
.11
4.53001¢(
4,204
40244
3.1
2.1
3. 610
24004
3493
3.483¢
3.332¢

Value

(BTU/TL2-8ec)

T.283¢

Hel)
4.9%8¢
3.082¢
2.3
1.820(
1.300¢
1.000¢
.42
7.07%1
6.202(
4.7y
4,006
3.0y
3.0
3.62)¢
[P X
.07
5.49%¢
S.041 ¢
$.203¢

Value

{3TV/TL2~800)

2.490¢
2.003(
3.307(
3.2
$.0081¢

dull

mull
8.6914
1.03%¢
1.1084
1,182
1.037¢
.01
6187
3.009¢
2.638¢
1.7
1.200¢
.79 ¢
1.8
S.880¢

Vaive

{8TU/Fe2-300)

0081 ¢
9.960¢
1.002¢
P.928¢
1.008¢
1.140¢
1.313¢
1.100¢
3.233¢
1.292¢
3.29%¢
1.399¢
1.37%¢
1.801¢
2.084¢
2.69%¢(
3. 02¢
4.508¢
4.79%(
4.008¢(
2.808¢

A-65

1)

1)
1
1
o)
01
(1]
o1

1]

3
1
1
1
n
n
]
[ 2]
L1

131
1]
1}
1}
N

831,49

T Surt
Degn)
$40.12
$6).45
348,02
567,40
$71.40
il

ull

$713.M
6.2
$77.0%
$79.3¢
$71.40
368,46
956.5¢

640.30
0.9
701,82
.6
.26
0.
77,43
€10.20

Gauge
Labe)
uTiq
uT1)
T2
HT1l

Gaugs
Label
HTie
133
HT12
[ k2%
w110
TS
uTe
NTY
NTé
NTS
NT4
NT2
Nt2
KT&2
W11
NTEL
nTe?
L 241
NTSY
H160

Gauge
Label
KT14
N1
w12
w111
w110
[ 24

NT?
Nt
nTS
nre
T3
ur2
NT&2
NT1
NT6L
N7
NTSE
NTS
NT6O

Loc.,

(Seg)
=14.40
-1
~12.4)
~13.0%
=12.%3
12,14
=11.84
-0
~4. %2
«3.5¢0
1.0%
[ %3]
.44
T.4¢
9.45
12.00
12.09
14.3)
16.0¢
18,70

e,

{deg)
=14.40
«13.07
=131.4)
-13.0%
-12.%
~12.1¢
=11.84
=1.)
-5.53
=3.5¢C
1.0%
4.5
.48
.46
9.85
12.0%
12.09
1.3
16.06
1%.70

Loc.

iaeg)
-14.40
-13.8
-13.4
-13.0%
=-12.9)
=12.1¢
=11.64
=130
-5.92
=3.5%0
1.05
4.3
T.46
7.48
9.83
12.09
12.00
14.22
16.0¢
19.7

Value

{BTV/Fr2-sec)

3.608

o)

@1 0

4,044
4.3
4.152¢
416
4.7
] N
3,004
3.748¢
3.247
3.0
3.15%0¢

Nuil
3.00)¢
3.602¢
2.0
2.640 ¢
1.937%¢
1.339¢

Valus

(BTU/FL2-3ec)

T7.408¢(
8.072¢
8.087¢
8.082¢
T.498¢
e.009¢
1.7
1.671¢
1.8 ¢
1.468¢(

Value

(BTU/FL2-Bac)

3.107¢(
$.3%2¢
$.485¢
8.947¢
$.049¢
.. 990¢
3.088¢
1.334¢
1.1

null
0,958
8.208
T.00

Null
7.232¢
B.184¢
7.449¢
4.4021
$.903 ¢
4.934 ¢

Value
TU/IR2-8ec)
1.07¢¢
1.680¢(

o)
o)
o)
(1]
(]
[-1)
0)
[}
o)
0)
L]
0)
L]]

o)
©)
(2]
0)
o
o)
n
n
H

]
[
[-H]

[J]
-1
4

(1]
[}
(]

]
3
1
1
b
1
h
n
n
n

T durt
Degn}
$¢1.00
341,463
$4C. 9%
S40.96
$40.8C
$41.10
1.1
$40.46¢
$40.02
340.47
838,09
338,63
813,47
sull
$39.34
$39. 02
$39.0)
$30.9%¢
9.0
830.7

T burt
1{Degh]
$31.00
$2.12
$32.00
$31.96
1.8
$32.1%
$32.77
82i.%¢
1.7
$21.99
53X.0
$30.42
$36.3?
Null

.
$3C.62
$29. 70
82¢.4)
829. )
$20.99

T surf
(DegR)
$31.%
$32.02
m.n
2.1
$31.7M
$3.22
$3¢.00
$34.90
$24.20
wulil
$32.90
312.06
332.1¢
aull
$33.5)
$31.6¢
$31.38
330.%;
$3C.)9
129.0)

854.2%



Gauge
Lepe)
NTSE
(1313
NT
HTH)
HT52
HTH
HT50
HT4)
NT4S
nTe?
HTah
AL}
NTa4
T4}
N2
nra
HT4D
HTYY
urlp
Nt
HIS

Gauge
Label
HTSH
HYSY
(3¢
(323
NTs2
[ 242
HTMD
148
HT4
NT$?
HT4E
NT4Y
NTA¢
L3 P]
nTA2
HT4l
NT40
[ 22 1]
[ 281]
Lk B
(2211

Gauge
abel
[221]
NTSY
[;21)
NT3)
[321]
22 )
nTS0
[ L 1]
NTaS
nTQ?
(241
NTad
[ p21)
NTQ)
uTQ?
ura)
nTed
[221]
utde
[ 32 2]
[281]

-21.0)

~23.03

leec.

(8eq)

-34.20
=47.09
-42.60
-38.34¢
-34.40
- »

Value
(BTU/FL2~
1.8104
il
1.
3.8y
3.7
4.5
€063 1
[ IR
4.912¢(
4,032
(PRI
4,71
.08
$.183¢
$.2601¢
$.345¢
all
8.0
$.0824
$.007¢
0245 ¢

1)
b
1
11
1)
1)
1)
1
1)
13}
1
n
3
1)

13}
1%}
1%}
13}

Cauge
Lave)
NT)S
HTH
NT)
HT¥2
HT3)
HT30
w29
HT18
w2
HTZ6
NT2s
NT2¢
H133
K122
M1
NT20
Li414
HI18
HT1?
HT16
HT1S

Loc.

(60g)
-22.30
221,93
-21.6)
=21.3)
31.08
-20.01
-30.%1
-30.2¢
38 1)
-10.49
-19.3%
-18.95
-18.80
~18.0%
-17.40
-17.18
«16.01
~16.2¢
-15.%
~-1%.,28
-1¢.717

Run 3] Reauced Data Tabulation

Caugs
Lapel
HTIS
HT34
NTJ)
NT32
NT)
Lig 1
Lird)
HT28
BT2?
w126
WT2%
K124
nT2}
n122
n12
W25
L 228
Wl e
HT1?
KTid
HWT1S

Gauge
lave)
HT}5
NT)4
g}
NT32
L2# 11
NT10
NT29
MT28
n127
126
nT2%
NT24
NT2)
n122
n12i
nT20
NT1P
e
Kn?
NT1S
NT18

loc.
{aeg)
-11.)¢
-21.9)
~31.8)
-31.3
~31.04
~20.01
-20.51
«30.29
]

33 Regucea Dsts Tadulation

-14.7

Run 34 Reduced Date Tadulation

Valus T sur!?
(STU/Ft2-3ec) (Degh)
2.001¢ 1) $6..09
€.419( 1} 610,68
T.083¢ 3 21,01
€.69%0( }) 2.0
1.6%0¢ 2) [ 12 P )
1.8041 2 1.7
Null Null
).y 83211
wull null
$.189( ) 046.92
80
.43 >
2.2480 )
1.670( 2)
H)
1)
n
1)
1
a0 #33.17
Ran
Valus T Burt
(BTU/FL2=3ec) tDegRy
.88 ( 1) 549.8¢
3.0t 1) 371.13
3.0 L $11.9)
8,200 1) $92.8%
.38 1) $2.m
¢01.47
605,37
$08.92
09,28
216
04,62
[ 1]
615,86
$17.0%
2.9
#25.07
29,51
42307
640,12
450.97
14821 0 649,40
value T Burl
MU/t i-Bee}  (Degh)
1.002¢ Ny .0
2.1200 1) 34,50
337 337,64
3.230( 1) 984,50
L. N $74.9%
I8 I
4.004( )
$.90( 1
rNnan

.10
2.
2.8

Gauge
Label
HT33
BT3¢
[ 38 3]
Nry2
[ 52})
NTO
NT29
NT29
NT?
NT26
NT2S
NT24
n13d
N2
L1432}
120
NI Y
HT10
[ 2%
[ 221
L2 2%

lee.
teeg}
«22.38
.

Aun 1% Reduced Dats Tadbulation

Value

BTU/FL2-Bec)

6.220¢
7.33%4

3.7t

Valiue

{DTU/FLa-sec)

4.922¢
4.990¢
4.587¢
€250
4.4704
.78
4.642¢
[T N
$.026¢
8.030¢
.11
$.06d
8,191
.210¢
$.282¢
$.917¢
$.785¢
.92
4,606
.00
(PRI Y

Valus

{BTU/Ftri-Sec)

1.104¢
1,176
1,227
1.208(
1.010¢
1.9
2.205¢
2.820¢
P T

2.%461

Value

(FTU/Mr2-sec)

Null
1.733¢
1.677¢
14744
1,468
1.487¢
1.32%¢(
1.429¢
1,625
1.6301(
1.7401

null
1,954
1.948¢
1.976¢
1.903¢
1.899]
1.17¢
1.046¢
1.014¢
1,788

A-66

1
1
h
1)
1)

2)
2y
)
L]
HH)
H

n
n
n
n
1
n
1
n
3}
H

1
1
3
1
11
1t
b3}
H
1)

$79.1%

T surt
(Degd)
wull

333,168
$54.7¢
$32.99
132.M
332,91
$31.0%
$32.20
153.8)
3.3
$53.01
Mull

$33.00
$%4.00
3%4.00
156
8442
313). 8
$3).89
932.0%
$31.06

CauQe
labe.
NTl4
[ heB]
n12
HIIl
L2211
[ he ]
L 31
N1Y
KT6
Hrs
HT4
Lip)
KT2
NT62
®T1
nT6l
KTS7
nTSE
T4
L3l H

Gauge
Lebel
HuTie
H71)
w12
NTil
NTIO
L34
{34
wr
NTé
L14]
[ 21)
utl
nr2
nre2
2 2]
nT6l
ntsy
NTSE
[ 323]
Ut

Loc.

(asg)
~34.40
-13.07
-13.43
«13.0%
~12.4)
-12.1¢
-11.64

.

-3.92

~).%0

1.0%
4.8
7.46
7.4
9.05

12.09

12.09

14.02

16.06

19.3¢

loc.
(degq)
~14.40
~13.07
-1).4
-13.0%
-12.9)
~12.1¢
=11.684
-1.38
-3.92
-3.%0
1.08
(% 1
7.48
T.48
9.6%
12.09
12.09
14.33
16.06
19.70

1.08
4.5
7.46
7.46
9.0%
11.09
12.09
14.2)
16,04
19.70

Valve

(BTU/FL2-5ec)

3.7%%
1.94%(
1,872
1,201
1.220¢
5.917%¢
4.92%
3.13%¢
T.138¢
$.00¢¢
.68y
3.68%¢(
3.8

Null
3.
3.708¢
31180
3.042¢
27084
1600

Value

(OTU/FL2~Bac)

4.658¢
4.634¢
.40
3.
3.8
4.210¢
.96
4.2104
3.8
3.367¢

Ml
2.807
2.85%74

Wull
2,804
2.0104
2,994
2.2904
2.3934
2,104

Value

(BTU/Ft2-Sac)

2.348¢
2.007¢
1.948¢
1.7171%4
2.26014
.00
$.6311
4.0
44481
4.847
4.0211¢

2.8731

Value

(8TU/ MR 2-Bee)

10784
1.049¢
1.738¢
3.603(
1.908¢
1.7100¢

rull
1,820
1.7
1.902¢
1.476¢
1.3%44
1.6 ¢

woll
1.283¢

07421

2
?
2
1
1
1)
1
1
1
N
n
1
n

1

)
¥}
3]
13}
un

1
1)
1

1

"
1
n
n
1)
n

1
1}

H
1y
n
1
1t

1

T surf
{Degh)
.
701.44
460,47
43:.9
$C2.61
81,01
505.78
362,50
8174
375. 90
964,65
964.08
462.09
Null
$$61.2)
$4).5)
$59.09
459.00
485,70
53,70

T sur?

{Deghy
$90,78
$91.27
$89.70
$83.37
$04.2%

T surt
Deghy
38219
582.7%
$51.52
3%0.02
M4
3919
#ull

349. %
340,17
341.%)
346.13
#4591
344.92
Wull

EIT PR Y
344.30

4l .60



Gauge
Labe )
[ h41]
NTSS
KTHe
NI
NT52
Li+)]
w136
T4y
nree
L3{})
T4
HT4S
NI
N1}
n142
K14)
[ 211']
NT39
HTID
NHT)?
NI 6

Gauge
Labe!
nISE
HTLY
NTY4
[ ke})
NTS2
NTSL
L3414
HTeY
K148
NT42
NT4S
NTeS
HT44
ntal
LiLH
NT4}
L LT]
T3
NI
N1
[221]

Gauge
labe!
NTSe
NTSS
w154
NTS)
NT52
;4 3]
NT0
HTeP
(L] ]
nreo
kT4
NT4S
T4
NT42
nTe2
NT4)
NT4O
NT)®
HTIO
®1)?
NT)e

Gavge
Labei
kIS¢
NTSS
[341]
NTS)
HrH2
LX)
nTSO
NT4P
(2]}
wT4?
HTes
NT4Y
NT44
3L} ]
N2
L 21}
L]
nr
NTIS
NT?
"TIe

loc. Value
seg) {BTU/FL2- 300
«34.20 1.204¢ 1)
-47.09 1.018( N
~41.40 1.27% 1)
=384 e
34,49 J.e08( 1)
4000
LN
5.1071 1)
-28.2% 93 1)
~271.90 .3y
-27.4% .48 )y
«271.00 .40 1
~28.5¢ S.521 1y
=26.0) 5.13%¢ 3
-25.5%9 800t 1)
25,04 .65%2¢
-14.49 6.113( 1)
=341 0.28%( 1)
=23.72 1.1900 0
1. 1.5
2.0 1.850 2

Run

loc. Value
[L-11-}] (BTU/FL2-8ec)
1.102¢ 1y
1.7
1.0
2.3%( 1
2,509 )
3.1 )
3.472¢ 1}
3.600( 1)
-38.)% d.e82( 1)
-37.90 J.862( 1)
-27.4% 3.2 )
~27.00 4.2
-28.%4 [RITXEY)
~36.02 €«3o0

=25.%9 1
«25.06 n
24,49 .58 1

-24.17 4.018¢ })
-2).72 $.0%6( 1)
3.1 5.1 0
~2:.83 $.390¢ )}

Rur.

Loc. Vaiue
({cegq) {BTU/FL2-Sac)
=54, 0 4.2500 Oy
-47.08 LIS 2 R I
~42.60 1,383 0}

0

['}]
[J]
0)
0}

-22.0 1.0

loc. Vaive
laeg) (BTU/FL2-80c}
=34.3 s.002( 0
-47.00 9.4431 0)
-42.60 0.0%0¢( 0)
l.000¢ 1)
1.0%00 1)
-39.49 1.0 1)
-3%.24 1386 )
-m.1 1 n
~20.3% 1.171¢ 1)
.0 1.10¢ 3
-27.49 1.2%2¢ 1
31,00 L.l
10N
1200 )y
=33.90 1.02¢ 1)
1
1.0%1 )
lLas n
«23.23 T.aee )y
=3 1.612¢ 3y
-22.0) 132

Run

T Surt
(Degh)
L I3 1
331.34
ds%¢.02
RIS &)
360.%0
$24.00
..
$78.29
$93.40
390,63
[ 1.1 }Y
610,44

Cauge Lloc.

leoe) (0eg!

HT2Y =22.3
HT3} «21.93
WT) =21.8
W12 «11.33
W1 «23.04
NTIC -2c.0:
NT2Y «20.41
N2 =~20.2%
N127 19,99
KT2¢ =19.69
L2411 18,09
K124 ~18.9%
W72} «19.5%0
W72 10,08
HT2) “17.40
WT28 -17.18
e 16N
NT10 ~18.24
(2% =154
HTie =13.29
HT1S ~1¢. M

16 Recduced Dats Tabulstion

T Surt
{Degn)
.M
1%1.0

300.07
m.n
$02.0%

Gauge oc.

Label (deag)

HT) =32.30
L3221 -21.9
NT3) =-21.6)
[ 24 3] -1.11
L2321 +~31.04¢
K130 =30.01
HT29 =20.51
HT20 «26.29
H12? «19.49
HI2¢ “19.49
HT2% ~18.38
ni2e =18.9%
Lirh) ~14.%0
K122 ~10.0%
MT2} =17.60
nT20 =171
(241 ] =16.71
HT.0 =16.2¢
HT1? =18.74
RT1 6 =1%.2¢
K118 =14, 77

37 hecuced Data Tabulatlon

T surt
{Degh
S34.92

Gauge
Libel
(381}
NT34
[ 28}
NT)2
L TP Y
L2 1]
NT2$
H12e
HT2?
NT28
NT2S
NT24
n1)
NT22
K121
NI20
NTI®
HTI0
NT1?
KT1$
LR E]

28 Reduced Dets Tabdulation

T Surt
{DegR}
$937.2%
340,39
340,07

Gauge lec.

Label (1 _1}]

NS -22.5
L3121} -21.9)
{127 «21.43
N132 -11.33
Lip ) =-21.04
n1le ~20.81
NT29 -20.5
H120 ~20.2y
123
NT246
NT2S
NT24
N123
w122
Nt
NT2O
[ 221
NT10
N
LisY ]
NT1S

39 hsouced Dats Tsbulation

Vaiue
(BTV/FLI~30c)
1,198
1.%431
2.408
1.0341
1.91%¢

1.708¢

2%
2y
n
1)
L 3]
4
n
1)

Vaive

(BTU/ MY 2-3ec)

$.5992¢
s.801¢
3.012¢
$.40%
s.0804
6.872¢

1.388¢
1.
d.284¢
2.43%¢
2.204¢
1,906
1.0234
$.402]
4.100¢
2.807¢

Value

{(dTU/TL2-%ec)

1.087
1.000¢
1.073¢
1.01%¢
1.128¢
.nn
1.005¢
1.088¢
1.088¢

Hull
1.12¢¢
1.180¢
1.030¢
1.9
1.178¢
1,200¢

3
1)
1

n
N
11

?
4]
2
2
2
2)
H
nH
n
13}

1)
1
n
n
1y
1
1
n
n

1)
1
1
1}
1
1}

1.148¢1 1)

1.16%¢(
1,179
13m0

n
1
1

1ancy

Valua

I0TU/MR 2-8ec)

1.634¢
1.66%¢
1,894
1.4261
3.780¢

A-67

.

Gauge

Gauge
label
NT14
T
N7
Il
NT1D
ury
nTe
HYY
NTE
TS
HT4
N13
NT2
Lag ¥}
L2}
HYE)
NTS?
NTse
[ 2431
L3417

(osg)

=14.40
-13.9?
=13.0
=11.0%
-12,3%3
=12.14

=1.30
~%.982
=3.%0
1.08
.55
T.4¢
T.48
9.8
12.00
12.09
.
16.96¢
19.70

oc,

(seq)
=14.40
=13.07
-13.4
=-1).0%
«12.%)
-12.1¢
-11.84

Velue

(BTU/T2-Boc)

1.02%1
.04
12
3.20%4
2,104
.02

Mull
2.8344
2.089¢
1.987y
1.082¢
1.008¢

Mull

Null
1.866¢(
1.400¢
1.464¢
1.306¢
1.%20¢
1067

n
N
n
bR}
n
n

Value

(BTU/TL2~Bec)

1.938¢
1.642¢
1.260¢
1.069¢(
2.292¢

1.240¢

1)
1
1
1
[}

1
1

Valus

{8TU/FL2-80c)

1.179¢
1.390¢
1.000¢
1.182¢
1.2
1.2684

wull
1.%4%¢
1.63%¢
1.601¢
1.264¢
6019
$.109¢(

| UIR]
7.923¢
6. 712¢
1.200 ¢
3.183¢
9.804¢
8.403¢

Value

{8TU/MR 2~ 8ec)

7.303 ¢
9.139¢
9.192¢
’ (

[3 t
$.43¢

dull
$.968¢
9.1%4¢
1.933¢
1.216¢

il

1)
1
1
1)
1
1

»
1.0
344,87
2.

Nall
$41.4¢
wull
$41.1%




Gauge
lLapsi
[:41]
WTSS
WTHE
341
w182
[ 1 %3}
»T50
NTOD
L] ]
nTa?
nT4d
KT4S
NTad
KT}
ntag
NTQ)
HT40
L3811
[he1]
NT3I
(3211

Gauge
lLabel
[ 21]
uTYy
[T
[ 22 1]
n1s3
NTSL
nTsC
341
w148
L]
NT¢S
(3L}
nTed
N7
nTa?
LA}
T4
KT
HT3®
KT1}?
Hide

Gauge
Label
281
nrsd
NTM
NTS)
NT32
[ 14 3}
NT30
nTee
NT40
L3 {})
(241}
[ 34 L]
RT4 ¢
nTad
nTa2
nTa
HT40
NT19
a1
nr?
(3313

Gauge
Label
NTS S
urss
[ 321
N7
nTS2
[ 121}
T
nTéy
NT4D
N1
HT46
HT4Y
NT4d
NTE)
T2
(3}
NI
(321
NT)8
HT3?
HT26

Lac.
(geg}
-84,
31N

-92.4%
4018
-44.5%4

=32.60

Value
(BTu/Fri-Sec)
.23
[N | 1]
$.042¢
6,943
$.4921

1.203¢

Value

{BTu/FL2-%ac)

3.0024
$.236¢
71.003 ¢
7.9901

1)
18]
3]
1
1}

Aun

-

H

1.2%3¢

valve

9TU/Fri-Sec)
2

Value
{8TU/ TR 2-80¢C)
Mull
7.034¢

1.388¢

Run

&un

Gauge
label
K735
(22 1]
n1
HT)2
HTaL
HTJ0
Ligl)
n128
w2
nT2¢
w2y
HT24
N1}
HT22
HT21
W10
HTLY
HT1 &
WTL?
HT16
HT1%

Lac.

(degi

*32.0
=317
«d1.49
=31.10
-30.4%
=30.68
=30.2¢
=30.14
-28.04
=29.5%4
-29.24
-20.00
=-20.2%
-37.%0
=27.4%
~27.01
-26.%¢
=26.11
=25.%9
~15.14
-24.82

4) Reduced Dats Tabuylatlen

T Surl
Dagh)
334,04
$80.68
38)3. 1
897,60
817,34
640,07
[ 120 ]
876,44
678,14
b1}
[1 198 1
67%.5¢
3.9
650.5¢
430.2%
418,74
424,10
#17. 101
(1] P}
$C1.58
$9).4)

Cauga
Label
n13%
NTI
KT
w132
N131
(2214
K12y
HTZ8
127
HT26
NT2%
HT24
w123
nT22
nT21
n120
K119
HT18
HT1?
L 3
NT.S

Loc.
(deg)
-32.23
-31.%8
-31.40
-3.10
«30.09
-30.68
=30.38
=30.1¢
=19.84
~39.%4
~29.14
-29.80
-230.3%
-27.90
~27.4%
=27.01
-26.5¢
-26.11
~25.%%
-2%.11
-i4.¢2

44 Reouced Data Tabulation

T Burt
{Daghy
$38.0¢

€%2.20

Cauge
lape;
[ 281]
NT34
N
NT)2
HTJL
HTIO
nTi®
HT28
W27
NT26
WT2S
RT24
“T2)
n1a3
LR F 39
nTN
NT19
NT18
ATL?
TS
HT1S

Loc.
1aeg)
«32.23

4% Reduced Date Tabulstion

T surt
(Degh)
Null
348.92

$32.97
$%2.00

Gauge
Label
NT2S
T}
HT3)
NT32
L1¢}}
NTIO
nt2e
nr2e
w127
nT2¢
HT2Y
T2
HTid
K122
L1232}
w120
wrie
K¢
N1
HT18
NT1%

23,14
~34.62

49 Reduced Dats Tabuletion

value

(BTU/FL2-S8c)
1]

1.187¢ 2

9.4:0¢
9.182¢
7. N4
71,4934
7.27%64
$.082(
3.7261
8,063
9.1
31444

Null
4,295
4.239¢
114
.005¢

null
3.n9
4.072¢
4.10%¢
1.9

Value

(BTU/FL2-B0c)

l.and

7]
n
1
n
1)
1)
1
1)
1
1

3]
n
N
n

1
1)
%)
n

1.000( 1

9.061¢
7.9443
1.0104
[ 11X
s,
$.37%(
$.737¢
$.048¢
.26

Null
4.619¢
3.180¢
4.410¢
4.240¢

Wull
3.933¢

01 1)

LM

3N
3,729

Vaiue

(8TU/FL2-5ec)

6. 8524
T.98081
9.208¢
$.4701(
1.141¢
1.387¢(
1. [}
1.013¢

wull
N
3.0

Null
$.180¢(
4.6061(
3.8
2.782¢

Mull
1.401¢(
1.206¢
1.013¢
| IN11Y}

Value

(STU/Fr2-Bac)

1.3901
1.423¢
1.0

wull
1.391¢
1.486¢
1.323¢
1.3024
1.433 ¢
1.4281
1.444¢

Null
1.45%¢
1.462¢
1.580¢
1.822¢
1.544¢
1.819¢
1.930¢
1.9%71
1.8181

A-68

1
1)
1)
h
2}

n
1
N

3]
1)
3

1

T burt

{Degh)
$22.92
409,37

T surt
DegR)

Gauge
label
NTl4
HT13
HI12
WT1)
HT1O
HTY
"o
w17
NTé
NTS
NT4
n7
ni2
NTE2
N1l
L34 3}
nT8?
KT8
NTHY
TS0

Cauge
Lapal
HTld
W11)
nT12
ur1)
WIlo
NTY
NTO
NT?
nre
KTSs
L34 ]
(28]
NT2
Y62
nIl
MTé)
187
NTS®
WTSS
HT#O

Loc.
teog)

-26.2%
~33.72
-2).20
-22.9%0
-22.30
-22.01
-21.49
-1,
-13.27
-11.3%
.80
-5.30
-2.39
-2.39
,00
2.24
2.24
6.8
1.01
0.8

loc.

(degt
-24.2%
-3.m
-23.2¢
-22.9%0
-22.38
=-22.01
-21.49
-17.23
«15.37
=-13.3%
-9.90
-5.30
=1.3%
-1.1%
.00
2.24
.24
4.8
1.0
9.0

lec.

(oag)
-24.2%
-33.712

Valus

(BTU/F22-Bec)

3.030¢
3.002¢
.40
3.0y
31.9761
3.2181

koll

Bull
3.958%¢
2.7
1.7061
2.14%(
2.619¢

Nall
2.138¢
2.2403¢
1.996(
1.063¢
1.0631
1,071

Value

(BTU/FLi-Bec)

.30
1.842¢
3.098¢
3.430¢(
3,013¢
3.300¢

Null
1.4034¢
2.89%¢
3.70%¢
2.470
3.918¢
3.249¢

null
2.015¢
1.90¢
1.7
1.082¢
1.933¢
1.028¢

]
n
)]
n
1)
1)

Value
{8TU/FL2-30¢C)
7.740¢
6.748¢
€.122¢

2.37014

W
n
n
n
n
1

%)
1)
3
N
N

"

Value

{BTU/ Tt 2-B0c)

1.8100
1.71204
1.509¢
1.6971
1.906¢
1.2

uull
1.820¢
12
1.082¢
1.9681(
2.10%¢
2.334¢

»all
2.1081¢
1.021¢
1840
2.4
21924
2.032¢

T surt
(DegRt
$67.07
347,91
345,19
964,92
968.1C
364.30
Bull
Mull
$62.50
$62. 46
565,63
559,50
5%8.02
¥ull
$97.00
396, %¢
$94.99
$35.3¢
$53.5)
L1198 H

T Sur!
Oegh)

946,83




Gavge
Labe)
NT3S
Ligt)
Leg 1]
RTLD
L 24 7]
(24N
[ 2813
nteo
[ L1
NT4Y
LT
nT4S
nIae
n14d
(22 k4
L P
urac
11
[ 381
n1
[ :81)

Gauge
Labpe)
NTSE
NTSS
nT54
NI
nTH2
KT
NTHS
HTaY

NT4Y
NTed
nI4d
NT44
w14}
Y42
nTe,
n140
[ hel}
(3o}
(e}
[ 38 1)

~32.88

Vaiuve
(BTU/FLI-Seac)
130
.95 0)
$.401( 0y
.31 0
88500 £
1.9:11 8
1.9%4: O
0.07C, 0)
0.086, 0)

c
1 2]
[
[}
7]
<
4
[4
¢
9]
©
Run
Valve
(BTU/FL2-3ac)
[}
2.981¢ 0)
8.921t 0)
1.06%¢ 1y
1170 V)
10600 Y
1,100 1
1.7
1.2 0
Nuil
Nu.l
1.2¢¢0 1)
1.2% 1
L
1388 1
13100
1.322¢ 1
1.%00 ¢ 0y
138010 1)
1.38%¢ 1)
Rur

$43.2)

L 1]

Cauge
Labe)
wri
N34
H11)
L3 H
KI3.
(33
K128
K128
Lkl
Kt
niay
Lo L)
LAPS]
K12
K12}
LN
X190
[ 281 ]
LR
LE)
L2k

Leoc.
(oeg!
=32.23

-3
.40
L P
-3,
-30.
=JC.
-J0.
=329,
29,
-39,
-2,
-2,
=37,
=37,
-1,
-4,

-n

-2t
=25
-3
-2

"

10

o1
k1]
13
13
SE
.67

30 Reduced Data Tsb.lstior

T $.ct
(Dagk}
LT I8 39
Wuil
5.7
8%2. ¢
854,40
33%.10
888,22
985,40
355,30
515,94
L P
LIS
88002
546.27
Na.d
4553
LLT I
St 12
S50 €V
87,40
5%7. 11

Cauge
Late.
NIDY
L3281
[ 28 3]
Hy2
N13:
NT3IO0
nTie
K120
iz
H1Z¢
W22
KTt
w72)
w122
T2
RT20
HlLE
niie
LR
niLe
KIS

Loc.
Laeg
-3
3
-31
«31

.3
.1
a8
it

$) AegJceo Dats Tadu.atler

A-69

Value
(BTU/FLI-30c)
198
PR LT X
b L-F )
.00et
p LT}

2]
]
¢y

1
,

1

1
]
]
]

(BTU/TL2~50¢)
L83y
395 ¢
e ) AN
328t
404y
1
LK
20t
BIN
-42910
YN

1
1
1
1
1
1
1
1
)
1
b

- b e e e e

T
®all

N R
024

huil

RIYY

Nl

0100
03¢
N2 LN
L0084

Value

Neld

AN
L9161
NTFR
8334
RN
N3N
Y b NS
L5024
.832¢

1}
b
1
1

1
13}
H
1
1
1
i
1
H
]
1

1
1}
h
H
bR
N
3
13l

H

Gauge
letel
NTid
uT1)
w112
L3
HT30
(28]
NTR
w1
wle
[ 34
NT4
[ 28]
K12
nie2
LRp)
NT$:
NTs?
K350
nTSY
NT60

Loc.

(seg!
~24.2%
-23.M
.0
=231.%
~22.)0
=22.0:
=21.09
-1
18,37
=13.3%
=8.0C
=3.3¢
2.3
«2.3¢
.oc
2.24
.24
6.a
1.6

Veive

dTU/FL2-Sec)

1,00t
1,147
1.098¢
l.080¢
1.0€3¢
1,130«

wali
1.1
1.2461
1.030¢
1.0181
1.41010
1.3041

1
1
1
3]
18]
1

11

11
1)
b

H
1
N
1
H
1

Value

{9TU/FL 2-Bac)

1.0 ¢

2.098¢
2.2721¢
1.9%4

3t

1
i)
i
1
il

1)

T surt
{Degt)
947,43
348,36
47.02
$47.04

T Surt
1Degh;
$

$64.04
83,8
8).C4



Gavge
Label

»
(4]

Gavge
Lavei
(4]
”n
"

Gauge
Labe!
1]
?
e

Souge
Label

”
[ 4]

Gavge
Labe!

[ A
1]

Lec.
10e9)
<39.9%
«31.80
=35

Lec.
0eQ)
-30.99
-37.60
-3%.41

e,
{geg)
=38.99
=31.40
«35.2

lec.
teeg)
=39.99
«)7.40
-3%.2)

oc.
(ceqi
=39, 98
~37.6C
-)8. 0

Loc.
(aeqQ)
30,9
-37.80
-33.21

Loc,
{seg)
-)9.99
37,60
-33.2)

loc.
1aag)
-3
«37.80
-3%.2)

e,
({4 ]
=399
-37.40
-3

Lec.
tese)
]

-37.00
=332

lee.
(deg!
=30.14
-27,7%
-23.3¢

Value

tPSIAY
.18
4.5001-1)
[ RIS

Run

Velus
(PI1A}
7.1430-1)
2.1 -1y
2.%104-0)

Run

Vaiue
(PS1A)
$.086(-2)
S 600 (-2)
$.0 -0

Vélue
[{ £ 223
l.e81( O)
1.541¢ Q)
1.610¢ €}

Run

Velue
[EE21Y)
1.460( O
3.0201 Q)
4.3901 C)

fun

Value
(PSIA)
1.787¢ O
1.1 0)
10200

[ M RINE2Y)

Run

value
[{£313)
$.384¢=1)
1.346¢ O
1.603¢ 0)

».415(-)

Run

Value

(PBIA}
21.4%%(-1)
3.8 ¢-1)
$.830¢-1)

Run

Value

1PSIA)
.07
P RRT XLRN]
3.2 (-1

Run

valve
(#B1A}
.20 (-0
4, 008¢-1)
3.438(-1)

fun

-

-

1

14

17

10

3

Reduced

seduced

feduced

Mauced

Asduced

Raauced

Reauced

Meuoes

Gauge toc.
labe! (geg!

L 4] ESFIR b
" -3C.%9
[ 2 -28.1)

Deta Tabulatien

Gauge Leoc.
label (9eg)

[ 4] ~31.9
" -30.%9
” -38.1)

Data Tabulation

Cauge loc,
Labei (seQ)

[ & -32.97
L] -30.%%
[ 2] -20.1)

Dats Tabulistion

Gauge Lec,
Labal 1oeg)

" -32.9
P «30.%%
[ 2] -20.02

Oats Tabuistion

Cougs Loc.
Lapel (oeg!}

(2 -32.97
s -30.5%
[ 2] -28.1)

Dactas Tadulatien

Gaugs lec.
Labal (L1}

”» -32.97
e -30.59
L2 ] -29.1)

Data Tebu.ation

Covge Loc,
Lebe! (LI T}

| 2] -32.9

[ L] «30.5%¢

[ 2] -28.0)

Data Tabulation

Gauge Loc.
label (aeq)

” 3.9
e ~30.99
n -30.1)

Dats Tabulatien

Gauge Loc.
Label  (eeg!

[ 4] =31.9
e ~30.9%
(2] -18.1)

Data Tabulstion

Gauge loc.
Label  (eeq)

" -42.97
1 4] «30.%9
” -19.1)

Data Tamulation

Gauge loc.
Label (eeg!}

[ 3] «32.9
" «20.%9
” -30.23

Data Tabulstien

Gavge e,
Labei (seQ)

(4] -1
e =20.7¢
1 2] -10.30

Dets Tabuiatisn

A-70

Value
[$2 L8]
S -0
Wil
3.1301-1)

Yaive

({PRIA}
2.648(-1)
2.872¢-)
2.9%7¢-0)

valve
[LE 32y
$.270¢-2
$.96C (-1
1.041 (=21

Value
[$£32Y)
1.002¢ O}
1.80%1 0
1.2500 0y

valus
({231}
2.388¢ 0)
9.400¢-1)
$.2631-1)

Value
({237 1]
210
.30 0
1.9 0)

A1)

Value
(12313
1.870( 0
4783 (-1}
3.N1¢=1

A}
1.0t &)
1.0801 O)
4.408 (-1

Valve
(PB1A)
1.100( O)
1.609(-1)
0.293i-2)

Value
(rsn)
3.030¢~3)
3.62) (=)
3.001 {-0)

veive

{PBIA}
1.1090 O
[ YERLS]]
3.19=])

Gauge
Lobe )

[ 2]

GCavge
171

1

Couge
Labei

r

Gauge
Label

rn

Gauge

Label |

rn

Gavge
Labal

2}

Gavge
Labei

”n

Gavge
Labe)

”n

Gauge
Label

rn

Cavge
label

n

Gauge
Labe)

n

Loc,
909)
=25.9%
~2).4)

Loc.
1deq)
~25.0%
-31.4)

Lloc.
toeg)
-25.09
-23.4)

W,
(seq)
-15.09
-23.4

Loc.
(seq)
«25.09
-2).4)

loc,
1aeg)
-15.09
-1.4

Loc.

tdeg}
-29.0%
-23.40

Loc.
(aeq)
25,09
«2).43

lec.
{eeg)
-25.09
=23.43

Loc.
(L2 1]
-23.09
-33.4)

lec.
([ 11]
-25.0¢
3.4

oc.
(seq)
=16.04
=13.30

Valve
(
6.181¢-1)
6, 3%8¢-1)

Value
P81}
1.183¢(-1)
Meli

Value
(rS1A)
T.980 (=2}
8.019¢-2)

Value
[1 2 3¢ V)
3.180¢ Oy
3.3841 Oy

Value
[1L4 383}
¢.971¢-1)
T.001 ¢-1)

Value
{PSIAL
T.963 (-1}
4.029¢-1)

Value

(PS1A}
3.019(=11
3.888(-1)

Valus

112 2011
4.03¢4(-1)
[T REDY)

6.418(-1)

9.9 (=2}
1.197¢-2)

Value
PBLA}
1. (9 1]
1.409(-1)

valve

[Lg2Y 3]
3.9 (=D
1.27%-1)



Gauge
Lape

”»
re

Gauge
Label

L]
re

Gauge
labal

P
(4]

Cauge
Lape,

”rn
re

Cauge
Lave.
re
”n
e

Gauge
Labe.

»”
1 1]

Gauge
Label

[ &)
re

Gauge
Laow!
re
[ ]
(4]

Gauge
Labal

[ &4
(4]

Gauge
Label

1 2]
re

Gauge
Lave i

"
[ 1]

(deg)

-30.14
=27.7%
=253

toc.
(ce3}
-3 04
21,78
=25.38

lac.
(oeg)
-3 3¢
«27.7%
-2L.38

Loc.

(8egq)
=30.114
=21.78
«25.3%

Loc.

(deg!
-3
-27.1%
=25.3%

loc,
{geg)
=2C.04
-27,7%
=25.3%

Llec,
{osq!
30,14
=-37.7%
-25.36

{aeg,

«30.14
-27.7%
~35.3¢

Loc.
{geg)
-~30.14¢
-27.7%
-35.08

oc.
taeg)
=20.14
-27.78
=25.2¢

loc.
{deg)
=318.9%
-37.8¢0
-35.01

taeg)
“19.99
-37.6¢
=35.21

Valus
(PSIN:
1,082 0y
lassc o
.08 (-0

Run

Valus
[{23L.Y)
1.9931 €}
2.108¢ 0)
i.008; 0)

Run

Value
(FSIA,
1,877
11490 1)
1170 0y

Run

Vaiue
rsia,
1.043( 1y
1.097¢ 1)
13300 0

Run

vVaiue

(PEIA)
1.081¢ 1y
3.0
9.3C21 0)

Rer

Value

[LE 3¥ V)
173y
$.2i81 Oy
54271 €

kurn

Vaiue
Psiay
2,190 ¢
3.5 &)
2.050¢ O)

Run

Value
{PSIA)
2.0 0)
2.995( 0)
J.084¢ 0)

Run

Value
iPS1A;
1,839 0)
1.8331 0y
.00t 0

L1

Value
*51M)
1.986¢ O)
2.872¢ 0)
2.1401 Q)

hun

Value
12 21}]
9.9030¢ O
2.040( 1)
1.0 1

Run

Value

[L2 L}
193821
2.489¢ )
1.087( 1)

Kun

Cauge loc.
laps; aeg)

[ £] =23.12
12 -30. 14
[ 2] =18.28

28 Reduced Datas Tabulation

Cauga Loc.
lape) ({1 1-]]

[ & -23.12
e =20.74
L 2] -16.29

29 Beduces Dats Tabuiation

Gauge lec.
Lape! {deq)
[ 4] -3).12
[ X} ~3.0
[ 4] ~18.28

30 Reduced Data Tabulstion

Gauge Loc.
Labsel {oegq)
(4] =33.12
re «20,74¢
(2] ~10.2¢

31 Reduced Dats Tabulation

Cauge Llec.
Labe. {deg)

1 4 -23.12
re ~30.74¢
L3 ] ~18. 20

33 Recucec Lats Tabuistion

Cauge Loc.

Lasve. laeg)

[ 3% =-23.:2
e “20.74
P3 -14.21

3% Aeouced Data Tab.latior

Caugr Llec.
ape. {0eg)
133 -23.12
L4 ~20.7¢
L] -18, 28

36 Recuced Data Tabulation

Gauge loc,
Lape. (LT

L] -33.12
ke “2C.74
" -18.29

37 Reduced Data Tabulstion

Gauge loc.

Lape. {aegq!

" -3 12
re =20.7¢
(2] ~18.20

34 heduced Dats Tabulation

Gauge Loc.
lLabei (L T}

[ 4] -2.12
re =20.14
(2] -18.20

39 Reduces Data Tebulatlon

Gavgs loc,

Ladel {seg)

(4] ~32.9
re =30.5%
”n -38.13

4) hsduced Date Tabulation

Cauge Lec.
Label {geQ)

" <.
L] ~30.%9
[ 2] -28.13

44 Reducen Dats Tebulation

A-71

Vaius
{rsia)

[ HEESY]
2.433 (-0

Value
(PR1A)
2.0451 0y
J.eni o
3. 0

Value

{PSiA}
1188 )
3.108¢ 1y
11360 )y

Value
s
1387
1.2961 1)
1.180( 1)

Value
(PSIA)
3.%08¢( C)
AL T
3.850( 0

Value
(PSIA)
8.025(-1)
5.748(-1)
.24 =)

Valiue
(P5iA;
6,513t Oy
4.63%¢ 0)
4.079¢-1)

Value
[12 2LV
3.2030 O)
2.3%7¢ o)
6.090( 0y

Vaiue
(PSIM)
a.078¢ 0y
2.000( 0y
2.12( 0

Valus
PSIN)
.17 O
2.260( Oy
2.141( 0y

Valve
[{ £ 38V}
1.080( 1)
%0
2.8 0

Vaive
[1£22Y]
8.700¢ 0)
LN D)
3.502¢ ¢y

Gauge
lavel
L&)
1 29

Gauge
lavel

r

Gauge
Lave)

|

Ga.ge
Laoe.

[ 2]

Couge
labei

2]

Gauge
label

rn

Gaugs
Label

"

Gauge
Labe)

Gauge
Labe]

”n

Gauge
ladel

"

loc,
{Qe3:
~16.04
~13.%0

Loc.
{deg)
~i86.04
~13.%0

Lec.
{sag)
-16.04
=13.58

loc.
{oeg)
«16.04
~11.%0

loc,
{deq)
=16.C4
~1).58

Loc.
{oeg:
-1¢.04¢
=13.%8

{gdeg)
~14.04
=11.50

lac.
(geg)
-18.04
=13.%

Loc.
(geg)
~16.04
-13.%8

loc,
(Sag)
-16.04
-11.5%8

loc.
{aeq)
-35.08
=33.4

e,
(aeg)
-25.09
-33.4

Value

rsia,
3090y
4.209-0)

Vaiue

(rsin
475641,
4.2761-1)

Value
[LE2TY)
2.3 N
$.120( 0y

Valiue

[1231Y)
19820
1.4100 )

Vaiue
(PS1A;
J.sas( oy
e

Value

(PSIA,
8,400~
0.466(-1)

Value
(12 3Y ¥
$.304¢-1)
1.%684~1)

Value
[LE Y ¥}
2.2M¢ 0
2476 (-1}

Value
PSIA}
.21 )
2.27%¢ 0)

Value
(L4320 Y]
2.140( 0)
3.9851 O

Value
rsIn)
Jasc o
3.2000 O

Value
[L23T Y]
3.608¢ 0O}
3.49%¢ 0)



Gauge
lape)

”
(L]

Gauge
Labe}

"
re

Llec.
10eQ)
=19.9%
=37.40
=1%.21

Lec.
(geg)
-39.99
-37.8C
3.0

{oeg}

-39.99
«37.60
=30

loc.
{0eg)
=309
-31,40
-13.21

valve

(r3LA)
§.92¢1 0)
9.39¢¢ 0)
1.4800 )

Run

value

{PBIA)
2.1%0L 0y
2.34% 0 O}
2.510¢0 &)

fan

Valius
(P31A)
3.808¢(-1)
$.196¢(-1)
¢.371¢-1

fun

Valus
rsin
2.30%¢ Oy
2.401 ¢ O}
2.9%1 (0

Run

Gauge
Labe}
(4]
1 2]
(2]

Loc.

taeg)
1.
«30.5¢
-28.1)

45 Reduced Dats Tabulation

Gauge
lape)
”»
"
*)

Loc.
(deq)
-32.9
-30.59
-20.13

49 Reduced Dats Tabulstlion

Gauge
Label
(4]
s
()

we.
taag)
-32.9
-0.%¢
-20.1)

80 Recuced Data Tabulastion

Cauge
Label
[ 2]
re
[ 3]

loc.
{asgy
=32
-30.5%¢
-20.1)

3) Asducea Dats Tabulstion

A-T72

Vaive
(1231 Y)
1.0040 0
1.307¢ 1}
1.02)( 1y

Vaiue
(PSIAY
2.701¢ 0)
.85 0)
2.997( 01

Vaius
(PSIA)

Valus
(rs1a)
LMo
2.064¢ O}
3.010( O

Gauge
Labei

rn

Cauge
Label

rn

Gauge
Label

n

loc.
tdeg)
-35.09
-33.42

Lloc.
(geQ)
~25.09
~33.4}

Loc.
{asg
«2%.09
.0

Valus
(PSIA)
0.9 0y
J.683¢ O)

Value
(PS1A)
3.2 0
3.2001 Oy

Value
(PSIA)

Null

nall

Value
[LE 23]
3.2541 0)
3.0t 0)



Appendix B
TRANSPIRATION-COOLED HEMISPHERICAL STUDY DATA

Test Conditions, Heat Transfer
Measurements, Schlieren Photographs,
and Reduced Data Tabulations



Test Conditions

Po
No
To

Eo3zEg s

N
ot
[~ 14

7.3050X1042
1.9450X1047
2.3130%104)
12.1400
$.5090X104)
8.2670X10+1
4.3000X10-3
4,2180X10-6
6.9530X10-8
3.3410X1043
9.3110x10-1
4.4440X10-)
2.9410
3.3462X10+6
2.249
2.7217X10-)
6.178)

PBIA
(Fre/sec)2
degR

re/sec

degh

PSIA
Sluge/Fed
sluge/Ft-sec
1/rt

PBIA

PSIA

{re/sec)2
1/PS1A

Ft2-s/BTT
STU/Ft2-e

Reservoir Total Pressure
Reservoir Totsl Enthalpy
Reservoir Total Tampersture
Fresstrean Mach Number
Fresstress Veloeity
Freestrean Tempersture
Freestresn Static Pressure
Freestreanm Density
Freestresa Viscosity
Presstrean Raynolds Wusber
Pitot Pressure.

Dynaalc Pressurs (Rho 0~2/288)

Shock Tube Incident Shock Mach Number

Wall Enthalpy (Cp Tw)
Pressure to CP factor (1/0)

Nest Rate to ON factor (778/(Rho U (Ho-Kw))
Tay-Riddell Nest Transfer (1,00’ Diam Sphere}

Model Parameter

Lasbds

Value

0.07



qQ ~ BTU/SQ. FT/SEC

16—

14 —

12 —

10 —

-80

-60

| | |
-40 -20 0

Angular Position Relative to Stagnation Point (degrees)

HEART TRANSFER vs Gauge Position
Run 4

B-3

20



Test Conditions Model Parameter Value

Fo e« 1.2720X1042 PSIA Reservoir Total Pressure Lambds 0.0
Ho = 1.6090X10¢7 {(Fr/sec)2 feservoir Total Enthalpy

To = 2.)510X1043 degR Reservoir Total Temperature

] = 12.1300 Freestream Mach Mumber

U = 3.5870X1043 Pt/sec Freastrsas Velocity

T = 9.5190X10+41 degR freestrean Tampersture

4 e 4.2820X10-3 PSIA Freestrean Static Pressure

Rho = 4.0760X10-6 Slugs/Ftd fredstream Density

W = 7.1660X10-8 Slugs/Fr-sec Treeicream Viscosity

Re = 3.1770X1043 1/Ft fresstrean Raynolds Number

Po’ = 9.2590X10-1 PSIA Pitot Pressure

Q - .4170X10-1 PSIA Dynamic Pressurs (Rho 0*2/288)

n = 2.9610 Shock Tube Incident 3hock Mach Number

He = 3.3675X1046 (Ft/seci2 Mall Bnthalpy (Cp Tw)

CPL - 2.2436 1/PSIA Pressure to CP factor (1/Q)

CHE = 2.6853X10-3 Fe2-e/BTU Heat Rate to CX factor (778/(Rho U {Ho=Hw})
QofR= §.3009 BTU/Fr2-» fay-Riddell Nest Transfer {1.00° Diam Sphere)

Run S



q ~ BTU/SQ. FT/SEC

10

-80

-60

| 1 !
-40 -20 0

Angular Position Relative to Stagnation Point (degrees)

HERT TRANSFER vs Gauge Position
Run §

20



Test Conditions

Po
Ko

gozgEgena?

Hw

crt
CHf =
QofRe

7.4040X1042
1.5770X1047
2.3330X1043
12.1400
3,.5300X10+3
9.3410X10+1
4.3680X10-3
4.2460X10-6
7.0160X10-8
3.3470%30+3
0.4330X10~1
4.5090X10-1
2.9620
3.3433X1046
2.2190
2.6664X10-)
¢.2011

3IA
(re/sec)?
degR

Pt/sec

degh

PSIA
$lugs/Fed
Slugs/Ft-sec
1/re

PAIA

PEIA

(re/sec)2
1/981A

Ft2-3/T0
BTU/Ft2-8

Reservoir Total Pressurs

Reservoir Total Enthalpy

fsservoir Totsl Temperature

Freestream Mach Number

Freastream Velocity

Freestreas Temperature

Freestress Static Pressure

Freestresn Density

Preestresn Viscosity

Presstresa Reynolds Number

Pitot Pressure

Dynsasc Pressure (Rho Ur2/208)

Shock Tube Incident Shock Mach Wumber

Wall Enthalpy (Cp Tw)

Pressure to CP factor (1/Q)

NHeat Rate to CH fasctor (178/(Rho U (Ko-Hw))
fay-Riddell Reat Transfer {1.00’ Disam Sphere)

Run §

B-6

ORIGINAL PACE
BLACK AND WHITE PHOTOGRAPH

Model Paramster Value

Lambds 0.08



q ~ BTW/SQ. FT/SEC

10 —

{ ! |
-60 -40 -20

Angular Position Relative to Stagnation Point (degrees)
HERT TRANSFER vs GCauge Position

Run 6

!
0

20

40



Test Conditions

7.4010X1042
1.9900X1007
2.3%60X10+)
12.1300
3.5470X10¢3
0.4430X1001
4.3700%10-3
4.16070%10~¢
7.1190x10-0
3.2750X10+3
8.4270%10-1
4.5060%10-)
2.9750

He = 3,3301X10¢¢
cre = 2.2398

CHE = 2.6427X10-3
QofRe  4.397)

-
[ I B B B B BN BN BN N BN O )

E -] : r ! s L L K-F { : g

PEIA
{Pr/aec)?

degR

Fe/sec

dogh

PSIA
Slugs/Fe)
Slugs/Ft-sec
1/re

#8IA

P8IA

1re/secr2
1/PSIA

Pr2-2/970
oTU/TL 2~

Reservoir Total Pressure
Reservoir Totsl Enthalpy
Reservoir Totsl Tempereturs
Fresstrean Mech Wumber
Tresstress Velocity
Freestzess Tempersture
freestrese Stetic Pressure
Treostzeam Density
fresstresm Viscosity
Treestresn Reynolds Mumber
Pitot Pressure

Dynamic Pressure {(Rho U*2/288)

Shock Tube Incident Shock Mach Number

¥all Enthalpy (Cp Tw)
Pressure to CP factor (1/Q)

NHeat Aate to W factor (778/({Rhc U (Ho~-Hwi)
Fey-Riddel]l Nest Transfer (1.00’ Diam Sphere)

Run 7

Model Psremster Value

Lambde ©£.12



q ~ BTU/SQ. FT/SEC

16—

14 —

12

10 —

x
x>§<>52<x X
X X

-80

! l | I I
-60 -40 -20 0 20

Angular Position Relative to Stagnation Point (degrees)

HEAT TRANSFER vs Gauge Position
Run 7

40



Test Conditions

Po = T.0780X1042
Mo = 1.5440X1047
To = 2.2940%1043
M = 12.1400

U = 5.4720X1043
T = 0.1630X1041
P = 4.1870X10-3
Rho = 4.1590X10-6
wm = §,0660X10-8
Re = 3.3150X10+3
pPo’ = 0.0070X10~-1
Q@ = 4.3240X10-1
ML = 2,9290

Hw = 3,3402X104¢
cPL = 2.0127

CHE = 2.0233%X10-3
QofR= 3.9892

PEIA
(Ft/sec)2
degh

re/sec

degh

PEIA
Blugs/re3
Slugs/Fe-sec
1/re

PSIA

PSIA

(re/sec)2
1/P8IA
re2-s/B70
PTU/FL2-0

ORIGINAL PAGE

BLACK AND WHITE PHOTOGRAPH

Reservoir Total Pressure

Reservoir Totsl Bathalpy

Reservoir Total Tempersture

Freestrean Mach Suaber

Freestress Velocity

Fresstress Tesperature

Preestresn Static Pressure

Fresstrean Density

Freestrean Yiscosity

Freestreanm Reynolds Number

Pitot Pressure

Dynamic Pressure (Rho U~2/208)

Shock Tube Incident Shock Mach Number

wall Enthalpy (Cp Tw)

Pressure to CP factor (1/Q)

Heat Rate to CH factor (178/(Rhc U (Ho-Hwi)
Fay-Riddell Neat Transfer {1.00' Diams Sphers)

Run 9

B-10

Nodel Parameter Value

Lambda 0.1¢



q ~ BTU/SQ. FT/SEC

16—

14 —

12

10 —

-80

Angular Position Relative to Stagnation Point (degrees)

HEAT TRANSFER vs Gauge Position
Run 9



ORIGINAL PAGE
8LACK AND WHITE PHOTOGRAPH

Test Conditions Model Parsmeter Valwe
Po = €.9310X1042 PBIA Reservoir Total Pressure Lambda 0.13
Mo = 1.3830X1047 (PFt/sec)2 Neservoir Total Bnthalpy
To = 2.3340X10+43 degh Reservoir Total Temperature
N e 12.1200 Preestrean Mach Sumbar
U = $.5400X1043 Ft/sec Treestress Velocity
T = 0.3970X10+41 degR r rean Temp re
P = 4.1230X10-) PSIA Freestrean Btatic Pressure
Rho = 3.9820X10-¢ Slugs/Fed Freestream Density
M e 7.0630X10-0 Slugs/Frt-sec Fresstresn Viscosity
Re = 3.1230X10+S 1/Pt Preestreas Reynolds Rumber
Po’ = 71.9360X10-1 PSIA Pitot Pressure
Q = 6.2440X10-1 POIA Dynamic Pressure (Rho 0-2/208)
M = 2,.9360 Shoek Tube Incident Shock Mach Wumber
Mw = 3.3513X1046 {(Ft/sec)2 Well Enthslpy (Cp Tw)
cPL = 2.3565 1/PSIA Pressure to CP factor {(1/0)
CHE = 2.8202X10-3 FL2-0/3T0 Heat Rate to CM factor (778/{Rho U (No-Nw))
Qo=  6.1294 TU/Pri-s Fay-Riddell Hest Transfer (1.00’ Diam Sphere)
fun 10

B-12



q ~ BTU/SQ. FT/SEC

10 —

14 -

12 —

-80

-60

-40

Run 10

0

Angular Position Relative to Stagnation Point (degrees)
HEAT TRANSFER vs Gauge Position

40



ORIGINAL PAGE

Test Conditions Modal Paramster Valws
Po = 3.6090X104) PSIA Reservolr Total Pressure Lambds 0.¢
Ho = 1.6110X1047 (Ft/sec)2 Reservoir Total Enthalpy
To = 2.4010X1043 degR Reservoir Total Tempsrature
N e 12,6500 Fresstrean Mach Wumber
T = $.3970X1043 Ft/sec Treestress Velocity
T e 7.8680X1041 dagh Treestresa Tesperature
4 « 1.7350X10-2 PSIA Freestrean Static Pressure
Rho = 1.7080X10-5 Slugs/Ftd Freestresn Denaity
W = 6.6170X10-8 Silugs/Fr-sec Fresstrean Viscosity
®e = 1.5130X10+46 1/FL Freestresn Raynolds Number
Po’ = 3.6300 PSIA Pictot Pressure
Q = 1.%4%0 PSIA pynamic Pressure (Rho vr2/280)
M - 3.0370 Shock Tubs Incident Shock Mach Wumber
Ww = 3.3098X1046 (Pt/sec)2 wWall Enthalpy (Cp Tw)
cPg » $.1410X10-1 1/PSIA Pressure to CP factor (1/Q)
CHEf = 6.0735X10~4 Ft2-s/BTV Heat Rate to CH factor (778/(Rho U (Ho-Hw))
QoFR= 1.3474X10¢1 BTU/Fr2-s Fay-Riddell Neat frensfer {1.00’ Diam Sphare)
Run 13



q ~ BTU/SQ. FT/SEC
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Angular Position Relative to Stagnation Point (degrees)

HEAT TRANSFER vs GCauge Position
Rurn 13



Test Conditions

Po
Ho
To

4.0290X10+43
1.7110X1C47
2.5000X10+)
12.6400
5.7600X1043
9.3600X10+1
1.8730X10-2
1.8170x10-%
7.0320%10-0
1.4900X10+€
3.92%0
2.0990
3.09%0
3.3396X10+6
4,7642X10-1
$.3908Xx10-4
1,.5117X1041

P?SIA
(re/sec)2
degR

Fe/sec

dagR

PIIA
Slugs/red
Slugs/Ft-sec
1/re

PSIA

PSIA

(re/sec)
1/P81A
re2-s/BMm
STU/Ft2-s

Reservoir Totsl Pressure

Reservolir Total 8nthalpy

Reserveir Total Temperature

Fresstrean Hach Wumber

Freestrean Velocity

Freestrean Temperature

Preestzean Static Pressure

Freestreanm Density

Presstress Viscosity

Presstresa Meynolds Mumber

Pitot Pressure

Dynamic Pressute (Rho U~2/208)

Shock Tube Incident Shock Mach Mumber

usll Enthalpy (Cp Tw)

Pressure to CP factor (1/Q)

MNest Rate to CH factor (778/(Rho U (Ho-Hw))
Fay-fiddell Heat Transfer (1.00* Dian Sphere)

Run 14

ORIGINAL ¥/
BLACK AND WHITE PHOTOGHAFH
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Model Paramster Value

Lambda 0.06



q ~ BTU/SQ. FT/SEC
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Test Cenditions Model Parsmeter Valus

Po = 4,0200X1043 PIIA Reservoir Total Pressure Lambda 0.06
Ho = 1.0400X1047 (Pt/sec)? Ressrvoir Total Bnthalpy

To = 2.6740X1043 degh Reservoir Total Temperasture

8 = 12,9600 Fresstress Mach Number

U e 3.9940X104) Pt/sec Freestreas Velocity

T = 9.1520X10¢1 degR freestreas Temperature

P = 1.9100X10-2 PSIA freestress Static Pressure

Rho = 1,6920X10-3 Sluge/Fe3 fresstresn Density

W e 7,7000X10-8 Slugs/Ft-sec Preestress Viscosity

Re = 1.3170X10¢¢ 1/Fc Fresstress Reynolds Number

P0’ = 3.9400 PSIA Pitot Pressure

Q = 2,110 (£ 31} Dynamic Pressure (Rho U~2/289)

Ml = 3.230 Shock Tube Incident Shock Mach Mumber

Nw = 3.3443X1046 (Pr/eec)? ¥Wall Enthalpy (Cp Tw)

CPL = 4.7374X10~-1 1/PSIA Pressure to CP factor (1/0)

CNE = 5.0650X10-4 Pr2~0/DPTO Neat Rate to CH factor (770/(Rho U {(Ho-Ww})
Qo= 1.6771X1041 BTU/FLi-s Fay=-Riddell Meat Trensfer (1.00' Diam Sphere)

fun 1%



q ~ BTU/SQ. FT/SEC
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ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

Test Conditions Mode)l Paramster Valve
Po e 7.4770%X1042 PEIA Reservoir Total Pressure A - Ses Bhock Genszstor Disgras (inches) 11.060
Bo = 1.6330X10+7 (Pr/eec)2 Reservoir Total Enthalpy B ~ See Bhock Generator Diagrasm (inches) 3.121
To = 2.4010X10+3 degh Reservolir Total Tempersture sShock Generstor Lip Flat
® = 12.1100 Freestrean Mach Number Lambds 0.0
0 = $.6270X10+43 Ft/sec Freestream Velocity
T e $.6680X10+1 degR Preestrean Tempersture
P = 4.4350X10-3 PSIA Freestresa Static Pressure
®ho = 4.1490X10-6 Slugs/Ftd Treestreas Density
Mu = 7.2920X10-8 Blugs/Ft-sec Fresstream Viscosity
Re = 3.2010X10+5 1/7t r rean Reynolds Mumb
Po’ = §.5290X10-1 PSIA Pitot Pressure
Q = 4.35610X10-1 PSIA Dynamic Preseurs (Rho 0~2/288)
ni = 3.0120 Shock Tube Incident Shoock Mach Wuaber
Nw = 3.3507X1046 (Ft/sec)2 Wall EBnthalpy (Cp Tw}
cPL = 2.1923 1/P8IA Pressure to CP? factor (1/0)
CHE = 2.5615X10-3 Ft2-2/BTV Heat Rate to CM fector (7178/(Rho U {No=Nw})
QofR=  §.6249 BTU/Tt2-» Fay-Riddell Neat Transfer (1.00° Diam Sphere)
fun 16
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q ~ BTU/SQ. FT/SEC
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Test Conditions Mode)l Parameter Value
Po = 7.4050X1042 PSIA Raservoir Total Pressure A - Bee Shock Generator Disgram (inches) 10.360
Mo = 1.6300X10¢7 (Ft/sec)2 Reservoir Total Enthalpy B - See Shock Generstor Disgram (inches) 3.121
Yo = 2.3930X10+3 degR Reserveir Total Temperature shock Generator Lip Flat
u = 12,1200 Fresstresn Mach Number Lambda 0.0
U = $.6350X1043 Ft/sec fresstrean Velocity
T o 8.6890X10+1 degR Freestreas Temperature
P = 4.3770X10-3 PSIA Freestreanm Static Pressure
Rho = 4.0050X10-6 Slugs/Ftld Freestzeam Dansity
W e 7.3090X10-8 Slugs/Ft-sec Freestream Vissosity
Re = 3.1490X104S 1/Ft Treastress Reynolds Wumber
Po’ = §.4230X10-1 PSIA Pitor Pressure
Q@ = 4.35040X10-1 PSIA Dynamic Pressure {(Rho 0°2/288)
M = 2.9980 shock Tube Incident Shock Mach Mumber
Hw = 3.3638X1046 (Fr/sec)2 Mall Enthalpy (Cp Tw)
crt = 2.220) 1/981IA Pressure to CP factor (1/Q)
HE = 2.5966X10-3 Ft2-2/BTU Heat Rate to CH factor (770/(Rho U (Ho~Nw))
QoFR= §.601¢ BTU/Fe2-9 Pay-Riddell Nest Transfer (1.00° Diam Sphers)
Run 17

B-22
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q ~ BTU/SQ. FT/SEC
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Angular Position Relative to Stagnation Point (degrees)

HEAT TRANSFER vs Gauge Position
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Test Conditions

bd
o

o3pERToTIE
'EEEEEN RN NN

ni

6,0610X1042
1.5300%1047
2.29930%X1043
12.1200
5.4460X1043
8.1120X30+¢1
4.1090%10-3
4.1070%X10-¢
6.0230x10-8
3.278001043
7.9110x10-1
4.2300X10-1
2.9470
3.3172X1046
2.3¢04
2.9020x30-3
§.0683

PEIA
(Pt /vec)2
degR

re/oec

degh

PSIA
Sluge/Fed
Slugs/Fe-sec
/P

PSIA

f 2 3¢

(re/sec)2
1/P8IA

Ft2-s/B10
BTU/FL2-0

Reservoir Total Pressure

Reservoir Totsl Enthalpy

Reservoir Total Temperature

Freestrean Mach Wumber

Freestream Velocity

Preastress Tempersture

Preastrean Static Pressure

fresstrean Density

Freestream Viscosity

Freestrean Reynolds Wumber

Pitot Pressure

pynamic Pressure (Rho g 2/208)

Shock Tube Incident Shock Mach Number

Wsll Enthalpy (Cp Tw)

Pressure to CP factor (1/Q)

Beat Rate to CN factor (178/(Rho U (Mo-Hw))
Fey-Riddel]l Meat Transfer (1.00’ Diam Sphere)

Run 19

B-24

ORIGINAL PAGE
BLACK AND WHITE PHOTOGKARH

Model Parsmster

A - Ses Bhock Generator Diagram (inches)
3 - Ses Shock Generater Disgram {inches)
Shock Generator Lip

Lambda

Valve

9.373
3.298
rlst
0.0



q ~ BTU/SQ. FT/SEC
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Angular Position Relative to Stagnation Point (degrees)
HERT TRANSFER vs Gauge Position

Run 18
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fest Conditions

"!B'*dl?s
o

yyeEe
gnn

6.0630X1042
1.3940X1047
2.3700X1043
12.0900
5.5990X10+43
0.4890X1041
4.13%0x10-3
3.9490X10=6
7.1410%10-8
3.0740X1043
7.9250%10-1
4.2380%10-1
2.9980
3.3321%10+¢
2.3600
2.8110X10-3
6.1943

P8IA
(Pe/sec)?
degh

re/sec

degR

PSIA
Sluge/Ftd
Slugs/Ft=sec
1/r¢

PSIA

PEIA

{Pt/sec)2
1/P81A

rt2-9/8T0
BTU/FLi-s

JRIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

Reservoir Total Pressure

Reservoir Total Bathalpy

Resarvoir Total Temparature

Preestreas Mach Rumber

Freestrean Velocity

Freestrean Temperature

Freestrean Ststic Pressure

Preestrean Density

Freestrean Viscosity

Freestrean Roynolds Number

Pitot Pressure

Dynamic Pressure (Rho v-2/268)

Shock Tube Incident $hock Mach wumber

wall Enthalpy (Cp Tw)

Pressure to CP factor (1/Q)

Neat Rate to CH factor (178/(Rho U (Ro-Hw) )
Pay-Riddell Nest fransfer (1.00° Diam Sphere)

Run 19

B-26

C-S

Model Parametar

A = See Shock Generator Diagrem (inches)
B - See Shock Generstor Disgram (inches)
shock Generator Lip Dismeter tinches)
Lambde

Value

9.378
3.29%
0.750
0.0



q ~ BTU/SQ. FT/SEC
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Run 19
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Test Conditions

EOIFEFONITYEL

7.1500X10+2
1.5920%1047
2.3420X10+3
12.1300
$.5550X1043
$.4310X1041
4.2370%10-3
4.0750X10-6
7.0920X10-8
3.1920%X1045
$.1650X10-1
4.3660Xx10-1
2.9610
3.3545X1046
2.2903
2,7352%10-)
€.242)

POIA
{re/nec)2
degh

re/sec

degh

[ L3¢Y
slugs/red
Slugs/Fr-sec
1/re

PSIA

PSIA

(re/sec)?
1/P8IA

Pe2-2/0T0
BTU/Fr2-s

Reservoir Total Pressure

Reservoir Total Enthalpy

Reservoir Totsl Temperature

fresstrean Mach Fumber

freestream Velocity

freestrean Temperature

Freestrean Static Pressure

Freestreasn Density

Fresstcesa Viscosity

Freestrean Reynolds Number

Pitot Pressure

Dynamic Pressure {Rho 0~2/298)

shock Tube Incident Shock Mach Wumber

Wsll Enthelpy (Cp Tw)

Pressure to CP factor (1/Q)

Meat Rate to CH factor (770/(Rho U (Ho~Hw))
ray-Riddell Neat Transfer {1.00° Diam Sphers)

Run 20

B-28

Model Parsmster

A - See Sheck Generator Disgram (inches)
B - See Sheck Generatcr Disgram {inches)
shock Generetor Lip

Lambda

Yalve

9.378
3.298
Flat
0.12



q ~ BTU/SQ. FT/SEC
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Run 20
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riiNAL PAGE

BLAGK AnD WHITE PHOTOGRAPH

Test Conditions » Model Parameter Vsluve

Po = 7.1060X10+42 PSIA Reservoir Total Pressure A - Bee Shock Generator Disgras (inches) 9.373
Mo = 1.6510X10¢7 (Ft/seo)l Reservoir Total Enthalpy 8 - See Shock Generstor Disgras {inches) 3.298
fo = 2.4000X10+3 degR Reservoir Totsl Temperature Shock Generstor Lip FPlst
¥ = 12.2)00 Freestresn Mech Number Lambda 0.17
U = 5.6580X1043 Ft/sec Freestrean Veloeity
T = $.7710X10¢1 degh r creoan Temp
1 4 - 4.2610X10-3 PSIA r stetic P
Rho = 3.9390X10-6 Slugs/Ftd Freestrean Density
W = 7.)790X10-8 Sluge/Ft-sec rreestream Viscosity
Re = 3.0200X1048 1/F¢ 4 ream Reynolds
Pot = 0.1860X10-1 PSIA Pitot Pressure
Q = 4.3770X10-1 PSIA Dynanic Pressutre (Rho 0~2/208)
ML = 2.9980 ’ Shock Tube Incident Shock Mach wusber
N = 3.3731X1046 (Ft/sec)2 wall Enthalpy (Cp Tw)
CPL = 2,203 1/P81IA Prassure to CP factor (1/Q)
CHf = 2.6573X10-% re2-s /BTy Neat Rate to O factor {178/ (Rho U (Ho=Nw))
QorR= §.5708 ITV/2L2-0 Fay-Riddell Neast fransfer (1,00’ Diam Sphere)}
fun 21
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qQ ~ BTU/sQ. FT/SEC
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Run 21
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Test Conditicns

Po =
Ho =
To =
N -
0 e
T -
P -
Rho =
W e
Re =
Po’ =
Q =
M -
e =
cPL =
CNE =
QofR=

7.2750X1042
1.6230X10+7
2.4000X1043
12.1000
$.6130X104)
9.6420%X1041
4.3450X10-3
4.0770x10-6
7.2700X10~8
3.1480X10+9
8.3400Xx10-1
4.4600X30-1
3.0160
3.3427x10+6
2.24
2.6338X20-3
6.3137

PSIA
(re/sec)2
degh

re/sec

degh

PSIA
Sluge/Fed
Slugs/Fr-sec
/e

PEIA

PSIA

(Ft/sec)2
1/P8IA

re2-s/nT0
PTU/Ft2=0

BLACK

Ressrvoir Total Preseurs

Reservoir Total Enthalpy

Reserveir Totsl Temperature

Freastreas Msch Number

Fresstreaa Velocity

Presstrean Temperature

Freestrean Static Pressure

Freestrean Density

Freestream Viscosity

Freestresn Raynclds Number

Pitot Pressure

Dynamic Pressure (Rho 0+2/288)

Shock Tube Incident Shock Mech Number

Wall Bnthalpy (Cp TwW)

Pressurs to CP factor (1/0)

feat Rate to CH factor (778/{Rho U (Ho-Hw)}
Pay-Riddell Hest Trensfer {1.00’ Diam Sphere)

Run 22

B-32

ORIGINAL PAGE
AND WHITE PHO

Model Paramster

A = Bee Shock Generator Diagram (inches)
» - See Shock Generator Disgram (inches)
Shock Generator Lip Diamster (inches)
Lasbds

TOGRAPH

Value

.37%
3.29%
0.629
0.0
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ORIGTMAL 0T

BLACK AND ¥« PHOTOGRAPH

Test Conditions Model Parameter Value
Po = 7.2710X10+42 PSIA feservoir Total Pressure A - See Bhock Generstor Disgras (inches) 9.878
fo = 1.6310X10¢7 (Ft/sec)2 Reservoir Total Enthalpy 3 - See Shock Generator Disgrem ({inches) 3.298
To = 2.3940X1043 degh Reserveir Totsl Temperature Shock Generator Lip Diameter {inches) 0.623
N = 12.1100 Preestresm Mach Mumber Lambda 0.0
U = $.6230X10+3 Ft/sec Treestrean Velocity

T = 0.6640X10+1 degR freestrean Temparature

P = 4.32640x10-3 PSIA Freestream Static Pressure

Rho = 4.0460X10-¢ Slugs/rtd Freestrean Density

wm = T.20 Slugs/Ft-sec Freastrean Viscosity

Re = 3.1220X1045 1/Ft Treestream Reynolds Number

Po’ = 9.3080X10-1 PSIA Pitot Pressure

Q = 4.4430X10-1 PSIA Dynamic Pressure (Rho T~2/208)

Mi = 3.0040 Shock Tube Incident Shock Mach Numbar

Hw = 3.3543X10+6 (Ft/sec)2 Wall Enthalpy (Cp Tw)

crg = 2.251) 1/08IA Pressure to CP factor {1/Q)

oML = 2.6395X10-3 Ft2-s/BTU Heat Rate to CR factor (778/(Rho U (Ho~Hw))

QofRe €.3254 BTU/FL2-s Fay-Riddell Heat Tranefer (1.00° Diam Sphere)

Rrun 23
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QRIGINAL PAGE
BLACK AND WHITE PHG! ‘GRAFH

Test Conditions Model Paramstar Vslue
Po = 7.5140X1042 PSIA Reserveir totsl Pressure A - See Bhock Generator Disgzam (inches) 10.37%
o = 1.6890X1047 (Ft/sec)? Reservoir Tetal Entdalpy B - See Shock Generstor Diagras (inches) 3.298
To = 2.4560X10+3 degR Resarvoir Total Tempassture Shock Generator Lip Dismster ({inches) 0.62%
M = 12.0800 fresstrean Nach Wusber Lanbds 0.0
0 -« $.7220X104) rt/sec Freestrean Velocity
k] - $.9910X10+1 dagh 4 resn Temp
P = 4.4660X10-3 PSIA Presstresn Static Pressure
Kho = 4.0270X10-6 Slugs/Ft) Preestresa Density
Ma = 7.5640X10-9 Slugs/Tt-sec Freastreas Viscosity
Re = 3.0460X10+S 1/rt Fresstreas Reynolds Nusber
Po’ = 9.3610X10-1 PSIA Pitot Pressure
Q@ = 4.5780X10-1 PSIA Dynamic Pressure (Rho v~2/2008)
M = 3.0470 shock Tube Incident Shock Mach Number
Hw e 3.3673X10+¢ (Fr/sec)? ¥all Enthalpy (Cp Tw)
CPf = 2.1043 1/P8IA Pressure to CP factor (1/Q)
CHE =  2.4969X10-) Pt2-s/BTV Neat Rate to CN facter (778/(Rho U (Ho-Hw))
QofR= §.%300 BTU/Fe2-» Fay-Riddell Rest Transfer (1.00° Diam Sphere}
Run 24
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Test Conditions Model Parsmeter Value
Po = 7.5310X1042 PSIA Resarvolir Total Pressure A - Ses Shock Generator Diagram (inches) 10.875
No = 1.6810X1047 (Ft/sec)2 Reservoir Totsl Enthalpy 8 - See Shock Ganerstor Diagram (inches) 3.298
fo = 2.4320X1043 degR Reservoir Total Temperature Shock Generator Lip Diameter ({inches) 0.628
N = 12.1100 Freestrean Mach Number Lambds 0.0
U e $.7050X10+3 Ft/sec Freestrean Velocity
T = §.9200X10¢1 degR fresstrean Temperature
P = 4.4410X10-) PSIA Freestresa Static Pressure
Rho = 4.0330X10-6 Slugs/Fel freestrean Density
Mu = 7.3110X10-8 Slugs/Ft-sec Tresstresa Viscosity
Ra = 3.0660X104% 1/Ft freestrean Reynolds Number
po’ = 8.3370X10-1 PSIA Pitot Presaure
Q@ = 6.5650X10-1 PSIA Dynamic Pressure {Rho U~2/280)
ML e~ 3.0200 shock Tube Incident Bhock Mach funber
e o 3.3799X1046 (Ft/sec)? Wall &nthelpy (Cp Tw)
cPt = 2.1010 1/981IA Pressure to CP factor (1/0)
CHE = 2.5160X10-3 Pt2-~s/BTU Neat Rate to CH factor (178/(Rho U {Ro=Hw) }
QofRe 6.8686 8TU/T2-8 Fay-Riddell Heat Transfer (1.00’ Diam Sphere)
run 2%
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Test Conditions

Po
"o
To

FEOIPEFOVE

7.7000X1042
1.6090X1047
2.3970X104)
12.1200
9.5860X104)
$.5380%10+1
4.5000X10-3
4.3500X10-6
7.1820X10-9
3.3830X1045
9.8130X10-1
4.7130X30-1
3.0230
3.3265X1046
2.1210
2.35085X10~3
€.6109

PSIA
(re/sec)2
degh

re/sec

degh

PSIA
Slugs/Fed
Slugs/fr-sec
1/Fe

PSIA

PRIA

(Fe/sec)?
1/PSIA

P22-2/BTU
BTU/Ft2-»

Reservoir Total Pressure

Reservoir Total Enthalpy

Reservoir Total Tampersture

Freestresm Mach Number

Freest Velocity

Freestrean Temperature

Preestrean Static Pressure

Freestream Density

Freestream Viscosity

Freestream Reynolds Mumber

Pitot Pressure

Dynasic Pressure (Rho g~2/248)

shock Tube Incident Shock Mach Numbar

wWall Bnthalpy (Cp Tw)

Pressure to CP factor (1/Q)

Neat Rate to CH factor (1787 (Rhe U (Ho=Rw))
Fay-Riddell Heat Transfer (1.00’ Diam Sphere)

run 27

B-40

‘ ORIGINAL PAG.:
BLACK AND WHITE FHOTOGRAPH

Model Parammter

A - See Shock Generator Diagram {inches)
8 - See Shock Generator Diagram {inches)
Shock Generstor Lip Dismeter {inches)
Lambda

Value

$.3718
3.29%
0.62%
0.1%
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Angular Position Relative to Stagnation Point (degrees)

HEAT TRANSFER vs GCauge Position
Run 27
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Tast Conditions

Po = 7.3850X10+42 PSIA

Ro 1.5480X1047 (Ft/sec)2
2.3130X1043 degR
12.1400

$.4790X1043 Ft/eec
$.1010X10+41 degh
4.3660X10~3 PBIA
4.3270X10-6 Slugs/Ftd
6.9010X10-8 Slugs/Ft-sec
3.4450X1048 1/t
4.4340X10-1 PSIA
4.5100X10-1 PBIA
1.9530

3.3271X10+6 (Fe/sec)
2.2172 1/P8IA
2.7003X10-3 Ft2-2/BTV
6.1466 8TU/Ft2-s

9gFEOIFEF N I=Y

gad

Reserveizr Total Pressure

Raservoir Total Enthalpy

Reserveir Total Temperature

fresstress Mach umber

Freestresm Velocity

Freestrean Temperature

Fresstrean Static Pressure

freestreas Density

Preastrean Viscosity

Presstrean Reynolds Number

Pitot Pressure

Dynamic Pressure (Rho v~2/288)

Shock Tube Incident Shock Mach Mumber

¥all Enthalpy (Cp Tw)

Pressusre to CP factor (1/Q)

Neat Rate to CN factor {778/(Rho U (Ho-Hw})
ray-Riddell Meat Transfer (1.00° Diam Sphers)

Run 20

B-42

OriGINAL PREF
BLACK AND WHITE PHOTUGKRArH

Model Parsmeter

A - See Shock Generater Disgras {inches)
B - See Bhock Generator Disgrea (inches)
Shock Gensrator Lip Diameter (inches)
Lanbds

Valve

$.315
3.298
0.625
0.20



q ~ BTU/SQ. FT/SEC
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Angular Position Relative to Stagnation Point (degrees)

HERT TRANSFER vs Cauge Position
Run 28
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Test Conditions

gunaxy

2o3TE

=
<
"~

o
Illll.lllll!lill

390

7.3010%10¢2
1.5610X3047
2.3200%1043
12.1400
$.5030X3043
9.2530%30¢1
4.4200%10-3
4.3500X10-6
6.9420X10-0
3.4400X1048
0.5540X10-1
4.5740X10-1
2.9640
3.3302%1046
2.1063
2.6467X10-3
§.2%84

PSIA
(re/eec)2
degh

Pe/sec

dogh

PS1IA
Slugs/Fe3
Slugs/Fr-sec
1/re

PEIA

PRI

(re/sec)2
1/08IA

Ft2-3/3T0
BTU/TL2-8

#LACK

feservoir Total Pressurs

faservoir Total Enthalpy

Reservoir Totsl Tamperature

Freestress Mach Sumber

Freestream Velocity

Freestrean Temperature

Preestrean Static Pressure

Fresstresn Density

Freestream Viscosity

Preestrean Reynolds Wumber

pitot Pressurs

Dynaaic Pressure (Rhe U~2/208)

shock Tube Incident Shock Mach Wusber

wall Bnthalpy (Cp TW)

Pressure to CP factor (1/Q)

Meat Rate to CW factor (1787 (Rho U (Ho-Hw))
Pay-Riddell ¥eat Transfer (1.00° Dism Sphers)

Run 29

B-44

AND WHIT

mGiiaL PAGE
RIGH | Te PHOTOGRAPH

Model Paramster

(inches)
{inches)
{inches)

Lembds

A - See Shock Generator Disgram
B - See Bhock Generster Disgram
shock Generstor Lip Diamster

Valwe

.37
3.29%
0.62%
0.2¢
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HERT TRANSFER vs Gauge Posit:ion
Run 29
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Test Conditions

70 -
0 =
Te
q e
I e
2
? e
Xho =
- e
e =
o' =
23 -
W e
v =
-
-

y

7.5800X1042
1.5690X1047
2.3330%1043
12.1400
$.5150X104)
$.2670%10+1
4.4710X10-3
4.3740Xx10-¢
£.9710x30-8
3.4610X3048
9.6390%X10-1
4.6200%10-1
2.9¢60
3.3340X1046
2.1640
2.6102%10-3
€.3308

PSIA
(Ft/sec)2
degh

re/sec

degh

81A

$lugs /Pt
Siugs/Tt-sec
1/ee

PSIA

[ 4 3¢9

(Fe/sec)2
1/08IA

re2-s/BT0
BTU/FL2=0

ORIGINAL FAGE

3LACK AND WHITE PHOTOGRAPH

Reservoir Tetsl Pressure

Reserveir Total Enthalpy

Reservoir Total Temperature

Freestresa Much Number

Preestrean Velocity

Treestrean Tespegature

Freestreas Static Pressure

Preestress Density

fFreestrean Viscosity

r ream Reynold.

Pitot Pressurs

Dynamic Pressure {Rho U~2/208)

Shock Tube Incident Shock Mach Mumber

Wall Enthalpy (Cp Tw)

’ to CF 2 (/Q)

Heat Rate to CH factor (778/(Rho U {(Ho~Hw))
Fay-Riddell Meat Transfer {1.00' Diam Sphere)

fun 30

B-46

Model Parameter

A - Bee Shock Gensrator Diagram
8 - See Shock Generstor Disgram
Shock Generator Lip Diameter

{inches)
(inches)
{inches)

Lambda

Value

$.378
3.29%
0.823%
(1% 3§
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Angular Position Relative to Stagnation Point (degrees)

HERT TRANSFER vs GCauge Position
Run 30
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BLACK AND WHITE PHOTOGRAPH

Test Conditions Model Pazamster Value
Po = 7.5410X10+2 PSIA Neservoir Total Pressure A - See Shock Generstor Diagram (inches) 9.57%
Ho = 1.5170X1047 (Pt/sec)2 Reservoir Total Sathalpy B - Ses Shock Generator Disgram (inches) 3.29%
To = 2.2810X10+3 degR Reservoir Total Temparature Shock Generstor Lip Diaseter (inches) 0,.62%
M e 12.1600 Freestream Mach Bumber Lanbds 0.0
0 e 5.4240X10+43 Ft/sec freestresm Velocity
T « 7.9930X10+1 degR Treestrean Tempsraturs
P = 4.4330X10-3 PSIA Freestrean Static Pressure
Rho » 4.4990X10-¢ Slugs/Ft3 Freestream Density
W = $.7220X10-8 Slugs/Ft-sec Fresstrean Viscosity
Re = 3.6300X10+S 1/Ft freestrean Raynolds Wumber
Po’ = 0.3930X10-1 PSIA Pitot Pressure
Q = 4.5950Xx10-1 PSIA bynanic Pressure (Rho 022/200)
i = 2.9310 shock Tube Incident Shock Mach Munber
Nw = 3.3178X1046 (Ft/sec)2 Wall Enthalpy (Cp Tw)
crf = 2.17%9 1/981A Pressure to CP factor (1/Q}
CHE = 2.6900X10-3 Ft2-»/BTU Hest Rate to Ct factor (778/(Rho O {Ho-HNw})
QofRe 6.0427 BTU/Fti~s fay-Riddel]l Heat Transfer (1.00° Diam Spherse)
fun 31
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120
X
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Angular Position Relative to Stagnation Point (degrees)

HEAT TRANSFER vs Gauge Pos i tion
Run 31
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Test Conditions

Po
Ho
To

3.9440X%10+3
1.8008X1047
2.6506X10+3
12.54%0
5.9155X10+43
6.9334X10+1
1.9029%10-2
1.7271X10-8
7.0010x10-0
1.4428X10+6
3.9243
2.098%
3.2450
3.30731X10+6
4.7653%10-1
$.1800X10-4
1.6213X10¢1

PSIA
{Ft/sec)2
degR

Ft/sec

degR

PSIA
Sluge/Fta
sluga/Ftr-sec
1/Ft

PSIA

PSIA

(Ft/nec) 2
1/PSIA

Ft2-9/BTV
BTU/FtL2-8

Reservolr Total Pressure

Reservoir Total Enthalpy

Resarvoir Total Temparature

Freeatream Mach Numbar

Fresstream Vslocity

Fresstream Temperature

Freastream Static Pressure

Fresatream Density

Freestream Viscosity

fresstream Reynolds Number

Pitot Pressure

Dynamic Prassure (Rho U~2/288)

Shock Tube Incident Shock Mach Number

Wall Enthalpy (Cp Tw)

Pressure to CP factor (1/Q)

Hest Rate to CH factor {778/ (Rho U (Ho-Hw)}
Fay~Riddell Heat Transfer {1.00° Diam Sphere)

Run 43

A-50

Model Parameter Value

A - sta shock generator diagram
B - ses shock generator diagram

(inches)
(inches)

8.761
3.402
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ORIGINAL PAGE
SLACK AND WHITE PHOTOGRAPH

Test Conditions Model Paramster Value
Po = 7.9020X10+42 PSIA Reserveir Totsl Pressuze A - See Shock Gensrator Disgram {inches) 9.128
Mo = 1.6040X1047 (Ft/sec)? Reservoir Total Enthalpy 8 - Ses Shock Generator Diagram (inches) 3.338
To = 2.3700%10¢3 degR Reaserveir Total Temperature shock Generator Lip Dismeter (inches) 0.62%
M = 12.1400 Freestresn Mach Wumber Lambda 0.33
0. = $.5770X10+3 Pt/sec Freestrean Velocity
T = §.4720%10+1 degRh fresstrean Temparsture
P = 4.6320X10-3 PSIA freestrean Static Pressure
Kho = 4.4330X10-6 Slugs/Fed Freestrean Density
M o 7.1260X10-8 Slugs/Ft-sec Freestress Viscoasity
Ra = 3.4690X10¢5 1/Ft Freestrean Reynolds Number
Po’ = §.9330X10-1 PSIA Pitot Pressure
Q9 = 6.7870X10-1 PSIA Dynamic Pressure (Rho 0~2/200)
ML = 2.99%00 shock Tube Incident Shock Mach Number
e = 3.3439X1046 (rt/sec)? wall Enthalpy (Cp Tw)
CcPL =« 2.0888 1/P8IA Pressure to CP factor (1/Q)
CHf = 2.4786X10-3 Pt2-0/BTU Hest Rate to CH factor (778/(Rho U (No-Hw) )
QoFR= §.6311 BIU/FL2-2 Fay-Riddell Meat Transfer (1.00° Dism Sphere)
Run 34

B-52
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80 —

70 —

60 —

50

40 —
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10 —
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Angular Position Relative to Stagnation Point (degrees)

HEART TRANSFER vs Cauge Position
Run 34
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Test Conditions

Po = 0.0630X1042
No « 1.6100X1047
To = 2.3710X1043
¥ - 12.1500

0 = S5.5080X1043
T = 6.49530X1041
? = 4.7020X10-3
Mo = 4.4870X10-6
M o= 7.1460X10-8
Ra = 3.5090X1045
Po’ = 9.,0890X10-1
Q - 4,8680X10-1
M o= 2,9870

We o 3.3307X10+6
cpL » 2,093

CHE »  2.4338X10-3
Qo=  §.7077

PEIA
(re/sec)2
degR

re/seac

deagh

PElA
Slugs/Fed
Slugs/Ftesac
1/re

PSIA

PSIA

(P /oec)2
1/PSIA

Fe2-3/8T0
BPYU/FEi-s

uiLAC

Reservoir Total Pressure

Reservoir Totel Bnthalpy

Reservoir Total Temperaturs

Freestress Mach Number

Fresstrean Veloeity

Presstrean Tempersture

Preestream Static Pressure

freestress Density

freestrean Viscosity

Freestrean Reynclds Number

Pltot Pressure

Dynamic Pressure (Rho U~2/208)

Shock Tube Incident Shock Mach Nusber

wusll Enthalpy (Cp TW)

pressure te CP factor (1/Q)

Neat Rate to CN factor (178/(Rho U (No=Nw})
Fay-Riddell Neat Transfer {1.00’ Diam Sphere|

Run 33

B-54

ARIGINAL FAGE

Model Parsmster

A - See Shock Genarator Diagram {inches)
8 - See Shock Ganerstor Disgram {inches)
Shock Gensrator Lip Dismeter {inches)
Lanbda

E PHOTOGRAPH

Value

$.120
3.338
0.629
0.38
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Run 35S
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Test Conditions

fo
Mo

7.8260X10+42
1.5640X1047
2.3200X10¢3
12.1600
$,5080X10+3
9.2400X10+1
4.5680X10-3
4.4950X10-6
6.9310x10-8
3.5720X1043
$.0530X10-~1
4.7350x10-1
2.9%10
3.3408X1046
2.1119
2.5849X10-3
6.37170

[ £ 240
(re/seci2
dagR

re/sec

degh

PEIA
Slugs/red
Siugs/ft-sec
1/re

PSIA

PSIA

tre/sec)?
1/PSIA

ft2-9/8T0
BTU/FL2-»

Ressrvoir Total Pressure

Reservoir Total Enthalpy

Reserveir Total Tespsrature

Freestrean Mach ¥umber

Freestrean Velocity

Preestresn Temperature

Freestreanm Static Pressure

Freestreas Density

Presstreas Viscosity

freestrean Reynclds Number

Pitot Pressure

Dynamic Pressure (Rho 0~2/248)

shock Tube Incident Shock Mach Number

wall Enthalpy (Cp Tw)

Prassure to CP factor (1/Q)

Neat Rate to C¥ factox (178/(Rho U (Ho-Hw))
Fay-Riddell Weat Transfer (1.00’ Diam Sphere)

Run 3¢

B-56

ORIGINAL FAGE
BLACK AND WHITE PHOTCOGRAPH

Model Parameter

A - See Shock Generator Diagram {inches)
B - Sea Bhock Ganerator piagzam (inches)
Shock Generstor Lip Diameter {inches)
Lambds

Value

9.120
3.33
0.629
0.0
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Test Conditions

7.9750X1042 PBIA
1,6000X10+7 (Ft/sec)2
2.3360X10+3 degR
12.1600

3,3700X10¢3 Ft/sec
8,4330X10+1 degR
PSIA
4.4600X10-6 Slugs/rr)
7.0960X10-8 Slugs/Ft-sec
3.5070X10+5 3/rC
$.0010X10-1 PSIA
4.9130X10-1 PSIA
2.971%0

3.3513%1046 (Fr/sec)2
2.017¢ 1/P8IA
2.4713X10-3 Ft2-8/BTO
§.6210 BTU/Fr2-»

- L]
[ I T IO B D B B B N B BN BN BN

SAYFECITEF 9%T

..
7

Reservoir Total Pressure

Reservoir Total Enthalpy

Reservoir Total Tempersture

Freestrean Mach Number

Freestream Velocity

Freestresm Temperature

Freestresa Static Pressure

Freestrean Deansity

Treestresm Viscosity

Freestresn Raynolds Wumber

Pitot Pressure

Oynamic Pressure (Rho U“2/208)

Shock Tube Incident Bhock Mach Number

Wall Enthalpy (Cp Tw)

Pressure to CP factor (1/O0)

Heat Rate to CH facter (778/(Rho U (No=-Kw))
Fay-Riddell Hest Transfer (1.00' Diam Sphers)

Run 37

B-58

Model Paramster

A = See Shock Generstor Disgram (inches)
B = Bee Shock Generstor Diagram (inchea)
Shock G or Lip D4 tinchas}
Lambda

Valve

9.720
3.338
0.82%
0.0
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Test Conditions

Po
Ho
To

1.9870X1042
1.5830X1047
2.3300X10¢3
12.1700
$,5410X10+3
$.3300X1041
4.6330X10-3
4.5090X10-6
7.0070X10-8
3.5660X10+S
4.9900X10-3
4.8070X10-1
2.9%10
3.3551X1046
2.0803
2.4962%10-3
6.5210

ga;ao‘{r!g.ﬂ_d’
llllll..lllll!ll

g
1

PSIA
(re/sechH?
degh

re/sec

degR

PEIA
Slugs/Ftl
Slugs/Fr-sec
/e

PSIA

PSIA

(re/eec)2
1/PSIA

re2-s/8710
»TU/TL2-8

Reservoizr Total Pressure

Reservoir Total tuthalpy

feservoir Total Tempersture

Freestzasm Mach Nusbar

fresstreas Velocity

Freestrean Tempersture

Fresstrean Static Pressure

freestrean Density

Freestreas Viscosity

Freestrean Reynolds wumber

pitot Prassure

Dynamic Pressure (Rho U~2/288)

shock Tube Incident shock Mach Wumber

uall Enthalpy (Cp TW)

Pressurs to CP factor (1/Q)

Heat Rate to CM factor (178/ (Rho U (Ho~-Mw))
Fay-Riddell Hest Transter (1.00' Diam sphere)

fun 38

B-60

Model Parsmeter

A - Bes Shock Generator Disgram
8 - see Shock Generator Disgram
shock Generater Lip Diamster

{inches)
{inches)
{inches)

Lambda

Valwe

11.428
3.3%
0.629
0.0
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CRIGINAL FAGE
BLACK AND WHITE PHOTOGRAPH

Test Conditions Model Parameter Value
po = 71.5600X1042 PSIA Reservoir Total Fressurs A - Sea Shock Generstor Disgram (inches) 8.636
Mo = 1.3400X1047 (re/vec) Reservoir Totsl gathalpy B - See Shock Generator Disgram (inches) 3.425
fo = 2.2000X1043 degh Reservoir Total Temperature shock Generator Lip Diamster {(inches) 0.62%
N = 12.1700 fresstreas Mach ¥usber Lambda 0.0
U = 5.4000X1043 re/sec Preestrean Velocity

T e 6.1420X10¢1 degh Presstrean Tesperature

P - 3950X10-3 PSIA Freestrean Static Pressure

he = 3770X10-6 Slugs/Ft3 Preestreaa Density

m e 6.0400x10-0 Slugs/Ft-sec TFresstrean Viscoaity

e = 3.5020%10+3 1/re Fresstrean Reynolds suaber

Po’ = 0.3330x10-1 PSIM pitot Pressure

Q - 4.5630X10-1 PSIA Dynsaic Pressure (Rho U~2/289)

ML = 2.95080 shock Tube Incident shock Mach Musber

W = 3.3376X10¢¢ (re/sec)? Wall Enthalpy (cp Tw)

cre - 2.1011 1/281A Pressure to CP facter {(1/Q)

ong = 2.6757X10-3 re2-s/BT0 Neat Rate to O factor (778/ (Rho U (Ho-Hwi)

Qo= €.1627 8TU/TL2-8 Fay-Riddell Neat transfer (1.00° Diam Sphere)

Run 3%
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Test Conditions

Po
Ho

g .sa x ?

zo3eE

7.5180X1042
1.5020%X1047
2.3070X10+43
12.1600
$.5)90X1043
$.3300X10+1
4.3680X10-3
4.2510X10-6
7.0070X10-8
3.3610X1045
9.4100X10~1
4.5290%10-1
2.9200
3.3749X1046
2.2082
2.6550X10-3
.11

PSIA
(rt/sec)2
degR

re/sec

degh

PSIA
Slugs/red
Blugs/Fr=sec
1/7e

PSIA

PEIA

(re/sec)?
1/P8IA

re2-a /BTl
BTU/Fr2-s

BLACK AND WHITE PHOTOGRAPH

Reservolir Totsl Pressure

Reservoliz Totsl Enthalpy

Reservoir Totsl Temperature

Freestreas Mach Number

Freestrean Velosity

rrees omp rture

Freestrean Static Pressure

Freestresn Density

Fresstzean Viscosity

Preestresn Reynolds Wumber

Pitot Pressure

pynamic Pressure (Kho U 2/208)

Shock Tube Incident Shock Mach wmber

%all Bathalpy (Cp T

Pressure to CP fector (1/Q)

Neat Rate to CM factor (778/(Rho U (No=Nw) }
Tay-Riddell Hest eransfer (1.00° Diam Sphere)

Run 40

B-64

ORIGINAL BAGE

2

Model Paramster

A - Ses Shock Generstor Diagram {inches)
B - See Bhock Generstor Diegram (inches)
Shock Gensrator Lip Diameter (inches)
Lambds

Value

9.636
3.428
0.62%
0.0
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Test Conditions

genaxygy

zo3rE

o
AR E RN NN

7.6430X1042
1.6080X1047
2.3220X1043
12.1700
$.5050X1043
8.4620X1041
4.4340%20-3
4.2290X10-6
7.1180X10-8
3.3100%1043
0.5650X10-1
4.5800X10-1
2,9220
3,3929X10+¢
2.1833
2.5963%X10-3
€.4753

PSIA
(Te/sec)2
degR

rt/sec

degh

PSIA
Slugs/Fe3
Slugs/Tr-sec
/et

PEIA

PSIA

(Fe/sec)2
1/PSIA
rt2-s/8T0
BTU/FL2-s

Reserveir Total Pressure

Reservolr Total Enthalpy

Reservoir Total Temperature

Freestresn Mach Wumber

Freestream Valocity

Freestresn Temperature

Presstreas Static Pressure

freestresn Density

freestream Viscosity

Presstresn Reynolds Whamber

Pitot Pressure

pynamic Pressure (Rho U~2/208)

Bhock Tube Incidant Shock Mach Wusber

Wall Enthalpy (Cp T™)

Pressure to CP faetor (1/Q)

Hest Rate to CN factor (778/(Rho U (Mo-Hw))
Pay-Riddel]l Heat fransfer (1.00’ Diam Sphere}

Run 41

B-66

ORIGINAL FAGE
SLACK AND WHITE PHOTOGRAFH

Model Parameter

A - See Bhock Generator Diasgres
8 - See Shock Generstor Disgram
sShock Generator Lip Diameter

{inches}
(inches)
{inches)

Lambds

Valuve

9.63¢
3.428
0.625%
0.20
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HERT TRANSFER vs GCauge Position
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ORIGINAL PACGE
BLACK AND WHITE PHOTOGRAPH

Tast Conditiocns Model Paramster Value
Po = 7.8140X1042 PSIA Neservoiz Totsl Pressure A - Sea Shock Generator Disgram (inches) 0.63¢
Mo = 1.3920X1047 (Ft/sec)l Reservoir Totsl Bnthalpy 8 - Ses Shock Generator Disgram 3.42%
To = 2.3290X10+43 degR Reservoir Total Tempersture Shock Generator Lip Diamster 0.623%
® = 12.1600 Preestresn Mech Sumber 0.3%
U = $.35570X1043 Ft/sec Preestrean Velocity
T e $.3040X10+1 degh freestresn Tempersturse
P o 4.3340X10-) PSIA Fresstrean Btatic Pressure
fho = 4.3840X10-6 Slugs/FtI FTresstrean Density
Ma = 7.0330X10-8 Slugs/Fr-sec Preestrean Viscosity
Re o 3.4550X10+S 1/F¢ Precstresn Reynolds Number
Po’ = 8.7920X10-1 PSIA pitot Pressure
Q - 4.7020X10-1 PSIA Dynamic Fressure (Rho U~2/288)
W o= 2.9 Shock Tube Incident Shock Mach Musber
By o« 3.3669X1046 (Fr/eec)? Wall Snthalpy (Cp Tw)
crt = 2,127 1/P8IA pressure to CP facter (1/Q)
N = 2.5440X10-3 Fti-a/BTU Neat Rate to CX factor (178/(Rho U (Ho=Nw})
Qo= §€.4%00 BIU/TR2-8 Fey-Riddell Heat fransfer (1.00° Diam Sphere)
fun 42

B-68
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Test Conditions

Pe
Ho

;""Iﬂlai

$EO30E

cPL -

QofRe

7.7800X1042
1.3890X10+7
2.3100X1043
12.1700
$.5510X1043
9.3580X10+1
4.5040X10-3
4.3690%X10-6
7.0300%10-0
3.4500X10¢5
§.2410%10-1
4.6740%10~1
2.9010
3.3724X10+6
2,139
2.5620X10~3
6.4511

SIA
(re/sec)2
degR

re/nec

dagh

PBIA
Slugs/frd
Sluge/FL=sec
i/

PEIA

PRIA

(re/sec)?
1/P81IA
Ft2-2/BT0
aTU/rE2-0

Reservoir Total Pressure

feserveir Totsl Bathelpy

Reservoiz Totsl Tempersture

Preestzean Mach Wumber

Freestress Velecity

fFreestrean Tempersture

re scetic P

Preastreas Density

Fresstream Viscosity

Fresstrean Roynelds Number

Fitot Presaure

Pynamic Pressurs (Rho 9~2/208)

Shock Tube Insidest Shock Mach Wumber

Wall Enthalpy (Cp Tw)

’ to CP fact (/9

Neat Rate to CH factor (778/(Rho U (No-Hw))
Fay-Riddell Nest fransfer (1.00’ Diam Sphere)

fun 43

B-70

ORIGINAL F‘AGE. o
BLACK AND WHITE PHOTOGRAPH

Model Psrasmeter

A - See Shock Generator Disgram (inches)
8 - $ee Shock Generator Diagram (inches)
Shoch Generator Lip Diameter (inchas)
Lanbds

Value

8.63¢
3.425
0.62%
0.36
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Q/Qo(F-R) vs Gauge Position
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Test Conditions

ro
o
R L

7.3980X1042
1.5950X1047
2.3030X1043
12.1600
5.5610X104+3
8.3970X10+41
¢.2000%10~3
4.1400X10-6
7.0630X10-9
3.2600X10+3
9.3150X10-1
4.4460X10-1
2.90%0
3.3923X10+¢
2.2495
2.6910X10-3
€.3108

PSIA
(re/sec)2
degh

re/sec

degh

PEIA
8lugs/Ted
Slugs/ft-sec
1/re

PSIA

PSIA

(Pe/nec)2
1/PSIA

7e2-3/BTU
PTO/Fr2-8

Resezvoir Total Pressure

feservoir Total Enthalpy

Reserveir Totsl Temperature

Fresstresa Mach Numbar

Freestrean Velocity

rean Temp L

Preestzean Static Pressure

Fresstresn Density

Freestrean Viscosity

fresstresn Raynolds Wumber

Pitot Pressure

Dynaaic Pressure (Rho U*2/288)

shock Tube Incident Shock Mach wunber

Wsll Enthalpy (Cp TW)

Pressure to CP factor (1/Q)

Mest Rate to CX factor (778/(Rho U (Ho-Rwi)
Pay-Riddel]l Neat Transfer (1.00’ Dism Sphare)

Run 44

B-72

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAFH

Hodel Parameter

A - See Shock Generstor Disgrasm {inches)
8 = See Shock Generator Diagras (inches)
Sheek Generator Lip Dlamster (inches)
Lambda

Valuse

8.143
3.52
0.625
0.0
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Test Conditions

7.7470%X1042
1.6470%1047
2,3300%X1043
12.1600
8,6510X1043
$.6740K1041
4.4670X10-3
4.1750X10-6
7.2970%10-8
3.2330X1045
§.6380X10~3
4.6300%X10-1
2.9450
3.4060X10+¢
2.1602
2.9242%10-3
€.7141

gggu"qng""as:
llllll..lllll.ll

PEIA
(re/sec)2
degh

re/oec

degR

PSIA

Slugs /Tt
Slugs/Fr-sec
1/re

PSIA

PRIA

(Pe/vec)2
1/P8IA

re2-2/9T0
TO/FL2-»

Reservoir Total Pressure
Reservoir Totsl Bathalpy
Reservolr Total Tempersture
rreestresn Mach Wumber
Freestreanm Velocity

v -

Treestream Static Pressure

‘Freestresa Density

Freestzean Viscoeity

Preestroen Reynolds Bumber

ritot Pressure

Dynamic Pressure (Rho 0~2/208)

Shock Tube Incident Shock Mach Susber

wall Enthalpy (Cp Tw)

Pressure to CP facter (1/Q)

Neat Rate to CN facter (7178/ (Rhe U (Ho-Ww))
Fey-Riddell Nest fransfer (1.00° Diam Sphere)

Run 4%

B-74

OHIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

Model Perameter

A - See Shock Generstor Disgram
B - See Shock Gensrator Disgran
Shock Generator Lip Diameter

{inches)
(inches)
(inches)

Lambds

Value

6.143
3.812
0.625
0.20
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Test Conditions

7.7760X1042
1.9980X104+7
2.2930X1043
12.19%00

§.5670%1043
9.3780X10+1
4.4450X10-)
4.3010X10-6
7.0480X10-8
3.3970X104%
8.6540x10-1
4.6280X10~1
2.8900

3.4072%10¢6
cPL = 2.1606

oL = 2.5044X10-1

pEg rI*ge

o
T R B U I I B B B O

X209
LI}

PSIA
(fe/sec)?
degR

Ft/aec

deqR

PEIA
Slugs/Fty
Slugs/Irt-sec
1/

PSIA

PSIA

(Fe/sec)2
1/98IA
re2-s/8TU
BTU/Pt2-3

Reservolr Total Pressure

Reservolir Totsl Enthalpy

Reservoir Totsl Temperaturs

Presstresm Mach Wumber

Freestresa Velocity

Preestrean Temperature

freestream Static Pressure

Treestress Density

Freestream Viscosity

Freestrean Reynolds Number

Pitot PFressure

Dynaaic Pressure (Rho 0-2/240)

Shock Tube Incident Shock Mach Mumber

Wall Eathalpy (Cp Tw)

Pressure to CP factor (1/Q)

Neat Rate to CM factor (778/(Rho G (Ho-Hw})
Fay-Riddell Neat Transfer {1.00’ Diam Sphere)

Run 4¢

B-76

Wodel Parsmeter

A - See Shock Generstor Disgram (inches)
B - See Shock Generstor Disgras (inches)
Shock Generstor Lip Diameter (inches)
Lasbda

Value

0.142
3.%12
0.428
0.32
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Test Conditions

Po
o
To

4.1570X10+3
1.9610X10+7
2.6600X10¢3
12.5%00
6.0340X1043
9.1720%X10¢3
1.9450X10-2
1.7190X10-3
7.7160%10-8
1.3400X1046
4.0370
2.15%0
3.2080
3.3681%X1046
4.6322X10-1
4.9374x10-4
1.7068X10+41

IA
(Ft/sec)2
degR

re/eec

deogh

PEIA
slugs/Ft3
slugs/Pr-sec
/1

PEIA

?SIA

(re/vec)2
1/P8IA

Fe2-s/3T0
BTU/Ft2-0

Reservoir Totsl Pressure

Reservoir Total Bathalpy

Reservoir Total Temperature

Preestresn Mach Mumber

Freestresn Velocity

Presstrean Tespersture

rresstrean Static Pressure

Freastrean Density

Fresstresam Viscosity

r trean Reynold

Pitot Pressure

Dynamic Pressure {Rho U~2/208)

shock Tube Incident Shock Mach Number

Wall Snthelpy {Cp T

Pressure to CP factor (1/Q)

Neat Rate to CH factor (178/(Rho U (Ro~Hw))
Fay-Riddell Nest transfer (1.00’ Diam sSphere)

Run 47

B-78

ORIGINAL PAGE
AND WHITE PHOTOGRAPH

Model Parameter

A =~ Sae Shock Generstor piagram {(inches)
» =~ Bee Shock Generator Disgram (inches)
Shock Generator Lip Diameter {inchas)
Lanbda

Value

9.720
3.3
0.62%
0.0
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ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

Test Conditions - Model Paramster Value
Po = 4.2220X1043 PSIA Reservoir Total Pressure A - Bee Shock Generator Diagram (inches) $.720
Ho = 1.9330X10+41 (Ft/sec)? Re oiz Tetsl Eathalpy 8 - Ses Shcck Generstor Diagram (inches} 3.33%
0 = 2.7470X10+3 degh Reservoir Total Temparsture shock Generstor Lip Diameter {inches) 0.623
N = 12.3600 Freestrean Mach Number Lambds 0.06
U = 6.1610X1043 Ft/sec Preestrean Velocity

T o 9.6730X10+1 degh Presstrean Temperature

. = 1.9750X10-2 PSIA Fresstrean Static Pressure .

Mo o 1.6560X10-3 Slugs/red Freestresm Denaity

Mu e 0.1380X10-8 Slugs/Fr-sec Freestrean Viscosity

e = 1.2540K10+6 1/Tt r trean Reynold

Po’ = 4.0810 PSIA pitot Pressure

Q = 2.1820 PSIA Dynamic Pressure {Rho U~2/2088})

Ml = 3.2600 shock Tube Incident Shock Mach Wumber

Ne = 3.3929X10+6 {re/eec)2 wall Enthelpy (Cp TW)

L = 4.3817X10-1 1/PSIA Pressure to CP factor (1/0)

g = 4.723%x10-4 re2-8/BTU Neat Rate to CN factor {178/ {(Rho U (Mo-Nw))

QofRe 1.8222X1041 ATU/re2-s Fay-Riddell Neat Transfer (1.00’ Diam Sphers)

Run 48

B-80
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Test Conditions

Po

YuyNzavIEEg~I 23 e
FRL 4
SRR R RN

3.5700X10+2
1.3900X10+7
2.0290X1043
12.0800
9,1910X20+3
7.4150X10+1
2.2120%X10-3
2.4190%10-¢
¢.2350%10~-9
2.0140X1043
4.2320%10-1
2.2630X10-1
2.4640
3.4010X10+¢
4.4183
$.9013X10-3
3.7228

PSIA
(L /sec)2
degR

re/sec

degh

PSIA
Sluge/Ted
Slugs/Tt-sev
1/re

P3IA

PSIA

(Fe/eec)2
1/PSIA
Ft2-s/BTV

' BTO/Pt2-8

JRIGINAL PAGE

R
SLACK AND WHITE PHOTOGRAPH

Reservoir Total Pressure

Reservoir Total Bnthalpy

Reservolr Total Temperature

Freestresa Nach Numberx

Fresstrean Veloecity

Fresstrean Temperature

Presstrean Static Pressure

fresstzream Density

Freestresm Viscosity

Fresstrean Reynolds Bumber

Pitot Pressure

Dynamic Pressure (Rho U~2/209)

Shock Tube Incident Shock Mach Wumbder

¥sll Enthalpy (Cp Tw)

Pressure to CP factor (1/Q)

Neat Rate to CN factor {(770/(Rho U (Ho-Hw))
Fay-Riddell Heat Transfer (1.00’ Diss Sphere)

Run 4%

B-82

Model Parameter

A = See Shock Generstor Disgram (inches)
3 -~ See Shock Generator Disgram (inches)
Shock Generator Lip Diamster (inches)
Lambda

Value

10.420
3.3
0.62%
0.0
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Test Conditlions

Po
Ko

FEOITERSOY

[~ ¢ L
g -
Qo=

4.0€10X1042
1.4410X1047
2.1670%X1043
12.0400
$.3210X10+3
7,0430X1041
2.3400X10-3
2.6340X10-¢
€.5960X10-8
2.1250X1045
4.0430%10-1
2.3890X10-1
2.8120
3.3545X10+6
3.8018
4.9318x10-3
4.2905

PSIA
(Fe/vec)
degR

re/sec

degh

PEIA
Slugs/Fed
Slugs/ft-sac
i/re

PEIA

PSIA

(re/sec)2
1/PS1IA

Pe2-9/BT0
BTU/FL2-8

BLACK

feservoir Total Pressure

Reservoir Total Enthalpy

Reservoir Totsl Temperaturs

Presstress Mach Wumber

Freestresa Velocity

Tresstresn Temperaturs

Freestreas Static Pressure

Freestrean Density

Presstresn Viscoaity

Preestress Reynolds Number

Pitot Pressurs

Dynamic Pressure (Rho 0~2/280)

Shock Tube Incident Shock Mach Number

Wall Enthalpy (Cp Tw)

Pressure to CP facter (1/Q)

Heat Rate to CN factor (7178/(Rho U (Ho=Hw})
Pay-Riddall Mest Tranafer {1.00' Dism Sphere)

Run 30

B-84

ORIGINAL FAGE

AND WHITE FHOTOGRAPH

Model Parameter

A = Bee Shock Genarator Disgras {inches)
8 - Ses Shock Generator Diagram ({inches)
Shock Generator Lip Diameter (inches)
Lambda

Value

9.12¢
3.33
0.62%
0.0
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Test Conditions

3.7340%X1042 PSIA
1.0240X1047 (Pr/sec)?
2.1160X1043 degh
12,0800

$.2540X1043 Ft/sec
7.6440%X1041 dogh
2.3510X10-3 PSIA

2 30X10-6 Slugs/Ped
6.6200X10-8 Slugs/Ft-sec
2.0300%1048 1/P¢
4.4700X10-1 PSIA
2.3900X10-1 PSIA
2.7460

3.3569X10+46 (Pt/sec)2
4.1049 1/P8IA
$.4578X10-3 Fti-s/BTY
3.9717 STV/Fr 2~

gunexzye

- L)
N EEEREREEEERERENEN

2937308

ga3

Reservoir Total Pressure

Asservoir Totsl Enthalpy

Reservoir Total Temperature

Presstreas Mach Shmber

Freestzesn Velocity

Fresstresn Tempersture

Preestresn Stetic Pressure

Preestrean Density

Presstrean Viscosity

Freestrean Reynolds Mumber

Pitot Pressure

Dynamic Pressure (Kho U~2/208)

Shock Tube Incident Shock Mach Mumber

Wail Bathalpy (Cp TW)

Pressure te CP factor (1/Q)

Neat Rate to CH factor (778/{(Rho U {Ho=-ftw) )
FPey-Riddell Neat Transfer (1.00° Diam Sphere)

Run 51

B-86

ORIGIHAL PAGE
BLACK AND WHITE PHOTOGRAPH

Model Parameter

A - See Shock Genaxator Diasgram {inches)
8 - Ses Bhock Generstor Diagras (inchas)
Shock Generator Lip Diameter {inchaes)
Lanbda

Valus

9.128
3,33
0.623
0.20
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Test Conditions

Po
o

gueany

QQEE°IVEE
EEEREERE RN [N

g
7

3.9620X1042
1.4090X1047
2.0930X1043
12.0700
$.2270X10+3
7.5340X1041
2.4670X10-3
2.6530X10-6
6.3330KX10-8
2.1900X10+3
4.7090X10-1
2.5180%10-1
2.7440
3.3600X10+¢
3.9703
$.2247X10-3
4.0218

PEIA
(re/sec)2
dagRh

Fr/oec

degR

PEIA
Sluge/Ft}
Slugs/It-sec
1/re

P3IA

PSIA

(re/oec)
/e
Fe2-~s/BT0
BTU/Fti-s

Reservoir Total Pressure

Reservoir Total Enthalpy

Reservoir Total Temperature

r tream Mach b

Freestress Veloeity

FPreestreas Tampersture

Freestresn Static Pressuréd

Freestress Deneity *

Freestress Viscosity

Freestrean Reynolds fusber

Pitot Pressure

Dynamic Pressure (Rho U~2/208)

Shock Tube Incident shock Mach Number

Wall Enthalpy (Cp Tv)

Pressure to CP factor (1/Q)

Heat Rate to CW factor {178/ (Rho U (Ho-Mw))
Fay-Riddell Neat Transfer {1.00° Dism Sphere)

hun 32

B-88

.
gt
PN ]
9,
—
==
ey
e
-
U
g
[
B8

Model Parameterx

A - See Shock Generator Disgram (inches)
® - See Shock Generatoer Diagr {incheas)
shock Generator Lip Dismeter (inches}
Lambda

CTOGRAPH

Value

9.128
3.338
0.62%
0.24
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Test Conditions

oITEFTCTIET

"

crf =
oHt =
QofR=

3.0920X10+42
1.3540X1047
2.0170X10+3
12.1000
$.1240X1043
7.2100X10+41
2.4040X10~)
2.7040%X10-6
6.0620X10-8
2.2060X10+5
4.6100X10-1
2.4650X10-1
2.6740
3.3625%1046
4.0%67
$.5173X10-)
3.7622

PEIA
{re/sec)2
degh

re/sec
degR

PBIA
Siuge/red

Slugs/IFL-sec

1/re
PSIA
PSIA

(re/sec)2
1/P8IA

re2-s/B10
TU/FL2-0

Reservelir Total Pressure

Reservoir Totsl Enthalpy

Resarvolisr Total Temperature

Fresstrean Mach Number

Preestrean Velocity

| o reaf Jemp

Fresstreaa Static Pressure

Precatrean Density

Fresstreanm Viscosity

Fresstresa Reynolds Number

Pitot Pressure

Dynamic Pressure (Rho U~2/288)

shock Tube Incident Shock Mach Wumber

wall Eathalpy (Cp Tw)

Pressure to CP factor (1/Q)

Nest Rate to CH factor (778/(Rho U (Mo=Nw})
Fay-Riddell Neat Transfer (1.00° Diam Sphers)

Run 33

B-90

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

Hodel Parameter

A - Ses Shock Generator Disgram . (inches)
B - See Shock Generator Disgram (inches)
Shock Generstor Lip Diamster (inches)
Lambda

Value

10.020
3.3
0.62%
0.0
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Test Conditions

TERI2IS

€.7660%X1042
1.5440X10¢7
2.3000X1043
12,1200
$.4710X1043
0.1050%X1041
4.0420X10-3
4.0040%10-¢
¢.8030%10-0
3.1820X10+43
1.7020X10-1
4.1610X10-2
2.9380
3.3340%X10+6
1.4031
2.9337K10-)
5.8700

PSIA
(re/sec)2
degh

re/sec

degR

PSIA

Slugs /Tl
Slugs/Tt-sec
1/

P31A

PSIA

{re/eec)
1/P8IA
re2-a/0TV
BTU/FL2~8

Reservoir Total Preassure

Reservoir Totsl Enthalpy

Reserveir Totsl Tempersture

freestress Mach Number

Tresstreas Velocity

fresstrean Temperature

freestre Static Pressure

Freestreas Density

Fresstress Viscosity

Fresstreans Reynolds Number

Pitet Pressure

Dynamic Pressure (Rho 0°2/208)

Shock Tube Incident Bhock Mach Nusber

wall Enthalpy (Cp Tw)

Pressure to CP factor (1/Q}

Heat RMate to ON facter (178/(Rho U (No-Hw))
fay-Riddell Mest Transfer (1.00’ Diam Sphere)

fun 34

Hodel Parameter

A - Sae Shock Generator Diagrss (inches)
® - See Shock Ganerstoer Disgras (inches)
Shoch Generator Lip Dismstar (inches)
Lanbds

Value

$.120
3.8
0.6235
.0



q ~ BTU'SQ. FT/SEC
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Test Conditions

Po = 7.0090X1042
%o = 1.3400X1047
To = 2.1930X10+3
M = 12.1400

1] - 5.4650X10¢)
T = $,1430X10+)
4 *« 4.1970X10-3
Rho = 4.1790X10-6
wmo= 6.8490X10-8
Mo = 3.3330X10+8
Po’ = $.1060X10-1
(] - 4.3340X10-1
M = 2.9310

Ne o 3.3358X10+¢6
CPf = 2.3075

CHE =« 2.8237%10-3
QofR= $.9179

PSIA
(Ft/sac)2
degh

e/ sec

degR

PSIA
Sluga/Ftd
Slugs/Ft=sec
1/Ft

PSIA

PSIA

(re/oec)2
1/PSIA
FL2-8/BTV
BTU/Ft2-s

Reservoir Total Pressure
Reservoir Total Enthslpy
Reserveir Total Tempersture
Freestr Mach Wumber
Freestresns Velocity
Tresstraam Tempersture
freestresm Static Pressure

Fresstreas Viscoaity

freestresa Raynolds Number

Pitot Pressurs

Dynanic Pressure (Rhe U“2/288)

Shock Tube Incident Shock Mach Mumber

Wall Bnthalpy (Cp Tw)

Pressuze to CP factor (1/0)

Meat Rate to CM facter (138/(Rho U (Ho-Nw))
Fay-Riddell Heat Transfer {1.00' Diam Sphere}

Run 53

B-94

Model Parssmter

A - Sse Shock Genarator Diagram (inches)
8 - Ses Shock Generator Diagras (inches)
Shock Genarator Lip Diameter ({(inches)
Lanbds

Value

9.129
3.3%
0.62%
0.3%



q ~ BTU/SQ. FT/SEC
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Test Conditions

Po =
Mo =
To =
" e
[
T -
? -
Rho =
w e
e =
v’ -
Q =
" -
He =
crt -
CNf =
QofR=

7.2090X1042
1.5300%10¢7
2.2030X10+3
12.1%00
$.4480X10+3
#.0790X1043
4.2950X103
4.,2700X10--6
6.7930X10-8
3.4230%1043
0.2290%10-1
4.4000X10-1
2.9240
3.3327%104¢
2.2724
2.7946X10-3
9.9724

PSIA
(Ft/sec)2
degk

fr/o0c

degR

PSIA
Slugs/Frd
Slugs/Ft-sec
1/t

PSIA

PSIA

(re/sec)2
1/981A

Fr2-»/BT0
BTU/Fti-s

Reserveir Total Pressure

Reservoir Totsl Enthslpy

Reservoir Total Tempsrature

Fresstresm Mach Number

Freesstresas Velocity

Freestresn Teaperature

Fresstreas Static Pressure

Fresstreas Density

Freestress Viscosity

freastrean Reynolds Wumber

Pitot Pressurs

Dynamic Pressure {Rho D~2/208)

shock Tube Incident Shock Mach nusber

wall Enthalpy (Cp Tw)

Pressure to CP facter (1/Q)

Heat Rate to CH factor (778/(Rho 0 (Ho-Mw)}
Fey-Riddell Meat Transfer (1.00° Diam Sphere)

Run 56

B-56

Modal Parsmeter

A - See Shock Generster Disgram
8 - See Shock Generator Disgran
shock Generstor Lip Dismeter

{inchee)
{inches}
{inches)

Lambda

Valuve

0.63¢
3.42%
0,625
0.30



q ~ BTU/SQ. FT/SEC
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Test Conditions

- 7.1300%1042
= 1,5330X10¢7
e 2.2040%10+)
- 12.1%00

- 5,4330X1043
= §.0990X10+1
- §,2160X20-)
- 4,2220K10-6
- §,0130X10-0
e 3,3000X1043
s $.1310x10-1
- 4,3380X10-1
- 2.9230

. 3.3358X10¢6
- 2.2%1

- 2,0174X10=3
Qofme 3,937

[ 23
Wo
To
n
v

T

?
Rho
w
Re
Po’
o
L1
Nw
crt
[ ¥4

81A
(Fre/sec)2
dogh

re/sec

dogR

PEIA

lugs/reld

Bluga/Te-sec
1/re

P8I

PEIA

{re/seci2
1/P8IA

Ft2-0/8T0
TU/IL2-0

feservoir Total Pressurs

Reservoir Total Enthalpy

Raservoir Total Temperature

freestreas Mach Number

Freestream Velocity

freestream Tampersture

freestreanm Static Pressure

Freestreas Density

rrees Viscosity

Freestrean Reynolds Muaber

Pitot Pressurs

Dynanic Pressure {Rhe U~2/200)

Shock Tube Incident Bhock Mech Number

Wall Bnthalpy (Cp Tv)

Pressure to CP factor (1/Q)

Heat Rate to CX factor (178/(Rho U {Ho=Hw))
ray-Riddell Heat transfer (1.00° Diam Sphere)

Run 87

B-98

Model Parsmeter

A - Bee Shock Generator Disgrem {inches)
B - See Shock Generator Diagr {inches)
Shock Generatoer Lip Diasmster {inches)
Lambda

Value

8.62¢
3.42%
0.62%
0.34



q ~ BTU/SQ. FT/SEC
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Test Conditiona

Po
Ho
To

7.4020X10+2
1.5430X10+7
2.2070X1043
12.1600
$.4660%X104+3
9.1210X10+1
4.3400%10-3
4.3330x10-6
§.9310%X10-0
3.4600X1045
9.4080X10-1
4.8960X10-1
2.9220
3.3420%10¢¢
2.2247
2.7220%10-)
6.0098

PSIA
(re/sec)2
degR

ft/vec

degh

PSIA
Sluqu/Frd
Slugs/fFr-sec
1/F

PBIA

PSIA

(T /sec)2
1/P31IA

re2-s/d10
PTU/Fr2-0

Reservoir Total Pressure
Reservoir Total Enthalpy
Reservoir Total Temperasture

Velocity

Freestream Temperature

freestreas Static Pressure

Freestreas Density

Freesstrear Viscosity

Freestream Reynolds Number

Pitot Pressure

Dynanic Pressure (Rho 0~2/200)

Shock Tube Incident Bhock Mach Number

wall Enthalpy (Cp Tw}

Pressurs to CP factor (1/Q)

Heat Rate to CH factor (778/(Rho U (Ho-Hwl)
Fay-Riddell Hest Transfer (1.00° Diam Sphere)

Run S0

B-100

Model Paramester

A - See Shock Generator Disgram (inches)
B - Ses Shock Genarator Diagram (inches)
Shoch Generstor Lip Diameter (inches)
Lenbda

Valus

0.142
3.52
0.625
0.28



q ~ BTU’SQ. FT/SEC
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Test Conditions

-
-
-
-
-
-
-
Nho =
wm -
-
-
-
-

3.1020X10+)
2.3000X10417
3.3990%104)
16.0700
6€.8420X1043
7.2050X1041
2.9370%X10-3
2,0240%10~6
¢.12%0Xx10-8
3.1540X10+8
9.5830X10-1
4.5900x10-1
3.1230
3.3607X10+6
2.1788
1.9700X10-3
1.0764X1041

PSIA
{Fr/sec)2
degR

re/sec

degR

PSIA
slugs/Ftd
Slugs/Ft-sec
/7t

PSIA

PSIA

(re/aec)?
1/PSIA
re2-s/BT0
BTU/Fr2-s

rvoir Total Pressure
Reservoizr Total Enthalpy
Reserveir Totsl Temperature
fresstresm Mach Nusber
freestream Velocity
Freestrean Temperature
Freestresn Static Pressure

Freestresm Raynolds Wumber

fitot Pressure

Dynamic Pressure {Rhe D*2/200)

Shock Tube lncident Shock Mach Number

Wall Enthalpy (Cp Tw)

Pressure to CP factor (1/Q)

Heat Rate to CM factor (778/(Rho U (Ho-Hw))
Fay-Riddell Neat Transfer (1.00° Diam Sphere)

Run €0

B-102

Model Psramster

A - See Shock Generator Diagras ({inches)
8 - Ses Shock Generator Diagr {inches)
Shock Generstor Lip Diamster (inches)
Lanbds

Value

0.743
3.812
0.62%
0.0
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Teat Conditions

4.4360X1042
2.0070%10+7
2.9710X104)
15.2600
¢.4000X1043
7.046%0X10+1
$.0700%10-4
$.8190X30-7
5.9390X10-8
$.2710X10+4
1.9400X310-1
9.2710X10-2
3.0
3.3749X1046
1.2083X10+1
1.1941X10-2
3,008

PBIA
{re/sec)
degh

e/ 0ec

degh

PSIA
Slugs/Fed
Slugs/Fr-sec
1/Ft

PSIA

PSIA

(re/sec)2
1/981A
rr2-0/B8TV
BTU/FL2-0

Reservolr Totel Pressure

Reservolr Total Bnthalpy

Reservolr Total Tempersture

Fresstrean Mach Number

rreestreas Velocity

Freestrean Tempereture

Freestrean Static Pressure

Tresstresa Density

Freestreas Viscosity

Freestresn Reynolds Number

Pitet Pressure

Dynamic Pressure (Rho 0+2/288)

Shock Tube Incident Shock Mach Number

Well Rnthalpy (Cp Tw)

pressure to CP factoer {1/Q)

NHest Rate to CW factor (178/(Rhe U {Ho=-Hwl)
fay-Riddel]l Nest Transfer (1.00° Diam Sphere)

Run 61

B-104

Model FParsmater

A - See Shock Generstor Diagram {inches)
B - See Shock Generator Diagram {inches)
Shock Genarator Lip Diameter (inches)
Lanbda

Value

8.74)
J.512
0.625
¢.0



a ~ BTU/SQ. FT/SEC
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Test Conditions

$.9050X10+2
1.5740X1047
2.3010X10+3
12.1400
$.5250%104)
$.3250X10+1
4.0700%10-3
3.9640X10-¢
7.0030X10-9
3.1200%1045
7.8580%10-1
4.2020%10-1
2.9180
3.3704X304¢
2.3001
2.0719X10-3
6.0401

PAIA
(Fu/aec)2
degh

Tt /oec

degh

PSIA
Sluge/Ftd
slugs/Fr-sec
1/re

PSIA

PSIA

(re/sec)?
1/PS1A

re2-2/%TV
BTVU/Ft2-9

Reservolr Totsl Pressure

Reservoir Totsl Enthalpy

Resarvoiz Total Temperasture

Freestream Mach Humber

freestream Velocity

freastreanm Tempersture

Freestresa Static Pressure

Freestreswm Density

Freestress Viscosity

Reynolds MNumber

pitot Pr ure

Dynamic Peessure (Rho D 2/280)

shock Tube Incident shock Mach Number

Wall Enthalpy (Cp Tw)

Pressure to CP factor (¥4}

Heat Rate to CH factor {778/(Rho D {Ho~Hw))
Fay-Riddell West ¢ransfer (1.00° Diam Sphere)

run 62

B-106

Mcde) Parameter

Lambds

Value

0.0



q ~ BTU/SQ. FT/SEC
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Gauge
label
HIS2
HTS)
HT S0
HT44
nT43
NT42
NT4l
HT40
WT39
HTle
HTI?
T4
[ 24 1]
HT34
HT33
K132
NTI
HTI0

Cauge
Labal
N152
HTS1
HT%0
NT44
HT4d
HT42
HT4l
HT4O
HT)®
HT)S
KT3?
HT36
KT)S
NTI4
KT
r732

HT3D

CauQe
lapel
K152
HTS1
HT30
HT 44
KT4)
NT42
nT4)
WT40
NT)S
HTIS
K1Y
T3
HTIS
HT4
(223 ]
H132
HTI)
HT30

Cauge
Label
NTS2
HTS)
WT30
HT4e
RT4?
NTA2
NTel
NT40
[pp) ]
NI
137
NT3é
H13s
(21
NT3)
T2
N3
K130

Loc.
(oeq}
-69.00
-61.8)
-54.81
~44.55
-4),.60
-42.68
-41.7
-40.00
-40.00
-39.1)
-38.28
-3t.42
-36.50
-35.67
-34.7
«33.71
-32.92
-31.09

Loc.

(aeq)
-69.00
-61.93
-34.6)
-44,5%
-4).4C
-42.6¢
-41.79
-40.98
-40.00
-39.12
-39.28
-37.42
«36.59
-35.67
-34.70
-33. 17
-32.82
-31.89

Loc.

{aeq)
-$9.00
-41.03
-%4.41
-44.5%
-43.60
-42.68
-41.7
-40.90
-40.00
-39.1)
-30.29
=-37.42
«36.%¢0
~35.67
-3.Mn
-33.7?
-3)2.02
-31.09

«31.09

Value
{8TU/Fr2-3ec)
1.017 (-1}
e.086(-1)
7.227¢~11
2.739¢ 0)
1.703( O)
3.0
2.106( O}
2.2 O
2.6161 0)
2.22%1 0}
3.9
1.0 O
3.0081( O}
2.692{ )
$.3C 0
Null
3.461¢( Q)
Null

Value
(BTU/FL 2-Sec)
1.618( Oy
2,487 Oy
3,316t O)
3.32¢1 O)
4.906( O)
6.630( 0)
3.960( 0)
3,951 0y
.60 O
¢.1NM( O
600110
$.760( O}
7.172¢ &)
$.330( O
6. 6%4( 0)
Nuil
6.976( O)
71.969¢( O)

Run

Value
(BTU/FL2-8eC)
4.264(-1)
8.0141-1)
Bull
2.661¢ O)
1.5 O
3N,
2.4230 0)
Null
2.7 0
2.346¢ 0}
2.6381( 0)
2.016( 0}
3.206( 0)
2.208: 0)
35.035( O
Null
$.0%35( )
35.4161 0}

Run

Valuve
(NTy/rLa-sec)
2.962(-1)
4.5 (-1)
5. {=1)
1.209¢ 0)
7.541 (1)
1.1730 0
1,252( O}
1.044( O)
1.299( 0)
1.130¢ O}
1.240( O}
6. 048 (-))
nall
1.041( O)
2.0040 O)
Null
2.0540 O)
.73 0

Run

T surt
(Degh)
439,97
$40.20
540.29
541 .68
540.79
$42.63
s4).41
541.29
$41.47
$41.0
s42.11
$41.13
$42.6¢
s41.02
$42.0¢
Null

s44.01
wull

Geuge
label
HT29
HT28
HT27?
HT26
HT2%
HT24
HT2)
HT22
HT21
KT20
[ 293
HT1S®
KT1?
K16
HTLS
HT) 4
HT1)
HT12

Loc.
(daq)
-30.99
=30.08
-29.10
-20.28
-27,4
~26.5¢
-215.66
-24.90
-21.9%
-2),08
-22.2%
-21.40
~20.9¢
-19.62
-10.84
-17.66
-16.69%
-15.73

a4 Reduced Data Tabulation

T surt
{DaqQR}
944,32
$45.2¢
S45.00
$48.11
$47.7
$49.18
$46.99
$40.02
547.53
48,99
349.49
$49.39
%49. 74
$48.10
549,66
Null

549.8)
$%0. %4

Gauge
Labe!l
HT29
nTae
HT27
HT26
HT2%
HT24
WT23
WT22
HT21
RT20
HT1$
{591 ]
HT1?
HT1 &
HT1%
KTld
HT.3
HT12

Loc.

(aeq)
«30.99
~30.08
«29.18
-28.2¢0
-27.41
=26.5%4
-2%.68
-24.80
“2).94
=23.08
-22.2%
-21.40
-20.%6
-19.62
-18.8¢
«17.66
~16.69
-15.7

4 Ressced Dats Tapulation

T Surt
{DegR)
$39.12
$39.38
Null
$40.09
$40.11
Q1.7
$40.59
Null
840,63
$40.53
$40.94
$40.19
S41.04
540,74
$42.49
Rull
542.487
541.1%

Cauge
Lapel
HT29
WT29
127
HT2é
HT2%
HT24
HT2)
HT22
HT2)
NT20
HT)Y
HT10
HT17
HIlé
HT1S
HT14
HT1)
HT12

Loc,
(deg)
=30.99
-30.08
-29.10
-26.20
-27.41
-26.3%4
-25.66
-24.080
=-23.94¢
-2).08
-22,2%
-21.40
-20.%6
-19.62
~18.64
-17.48
~16.49
-18.7

¢ Recuced Data Tabulation

T surf
{Degh}
340.2¢%
$40.41
540,49
$41.14
$40.40
$41.60
541.17
se0. M
$41.2)
340.9¢
541.16
940,55
Null
940.0%
341.9%4
Null
$42.%0
543.44

Gauge
Label
HT29
H128
NT2?
HT26
HT2%
HT24
N2}
NT22
HIT2N
HT20
NT19
NT1O
HT1?
HT1é
HT1S
HTI4
HT1}
HT12

Leoc.

{deg)
=30.9%
-30.08
-2%.10
-28.20
«27.41
-26.5¢
=35.64
~24.00
«23.94
-23.08
-22.2%
-21.40
-20.%¢
-19.62
~10.64
«17.66
=16.69
-13. M

7 Reduced Dats Tsbulation

vValuse

{BTU/FL2-5e0cC)

4.2184
6.206¢
7.643¢
6. 840
7.108¢
7.734¢
0.864¢(
5.095¢
1,122
6.914¢
7.10214
6.11%¢

Null
5.044 ¢
0.507¢
7.4
9.6291(
8.370¢

Value

{BTU/Fr 2-Sec)

6.7601(
6.193¢(
7,780
6. 967¢
T.180¢
7.697¢(
0.403(
8.076¢
8.610¢(
8.440¢(
$.681¢(
9.013¢(

Nl
0.79%¢
9.080 ¢
$.109¢
9.217¢
9.403(

Vaive

(BTU/FL2-8ec)

3.n6¢
6.27%4
7.422¢
$,133¢
5.366¢(
6.3 ¢(
7.060(
4.613¢
9, 2104

Null
9.46%¢
$.112¢

Null
3.974¢
S.465¢
9.180¢(
6.322¢
64,7001

Value

({BTU/Ft2-58C)

2,364
2.104¢
2.000(
2.65%3¢
2.9%9¢
3.00¢(
3.696 ¢
2.730¢
3.442¢

Nl
2.6991(
2,080

Hull
3.09%¢
2.847¢
3.239¢(
3N
2.649¢

B-108

0
o)
0}
03
0)
o)
]}
o)
n
0)
0)
0}

0)
]
0)
0)
[

0)
o)
Qi
0}
0)
L
[-}]
0)
o)
[}
0)
]

0)
0)
)
o)
0

[1]
(]
0
o)
o)
0)
-]
o)
0

0)
o)

[J]
0)
0)
0)
]

T Sur!
(Degh)
$42.66
945.42
$46.51
544,80
545,97
846,57
347.00
543.06
$40.99
544.07
$46.22
543.08
Null

$43.49
546.61
545.40
946,98
345,59

T surf
{DagR)
$49.9%5
549.7¢4
550.6%
$49.97
$50.08
$50.48
$%1.21
$50.90
$81.22
351,14
$52.23
951, 6¢
Null
951.9%
$%1.92
$%2.0)
$52.16
$51.39

T Sur!
{DegR}
S41.68
141.97
$44. 9
942.90
343.74
44,43
$44.68
$42.32
845,74
Null

543,16
$42.50
Null

$42.15%
943,00
%43.30
544.24
S42.%4

T surf
{Degh}
$42.10
541.09
$42.0%
$42.20
$42.34
342.60
$43.2%
542,97
844,11
Null

842.7%
942.2¢
null

$42.06
842,06
542.73
$44.08
842,09

Gauge
Label
MNT11
HT10
T
HTe
wTY
nTé
HTS
HT4
HT)
K12
HT1
HT4S
HT46
HT4?
HT4S
NT4Y

Gauge
Label
AT
WT10
HTY
HTS®
WT?
H1e
HTS
T4
AT
T2
WTY
NT4S
HT4 6
HT4?
HT40
NT4Y

Gauqe
Label
NT11
NT1
HT9
HTe
W17
nTé
HTS
HT4
KT
n12
HT)
HT4S
NTAG
HT4?
Hras
HT4Y

GCauge

Label
w1l
HTL0
NT?
HTO
wT?
nTé
HTS
HT4
nTI
N2
[ 23]
W14
NTee
HT4?
HT40
NT49

Loc.
({01 }]
-14.7%
-13.68
-12.03
-11.08
-10.93
-9.98
-9.04
-8.10
-4
-1.56
-.62
4.4
8.10
16.6%
26.%4
15,67

Loc.

(deg)
-14.7%
-13.68

Loc.

(deg
~14.7%
=13.68
-12.93
-11.88
=-10.93
-9.98
-9.04
-8.10
-4.3
-1.%¢
-.62
4.4
8.0
16.69
26.5¢
35.67

Loc.
{deq)
-14.7%
-13.60
-12.93
-11.08
«10.93
-5.90
-9.04
-8.10
-4. 34
-1.%6
-.62
4.4
s.10
16.69
26.54
35.67

Value
{BTU/FL2-S0C)
8. 928( O)
9.651( O)
$.313¢ 0}
9.0701( 0}
1.110t 1)
1.192¢ 1)
1.268¢ 1}
1.0100 1y
1.983¢ 1)
1.4270 )
Null
1.085¢( 1)
9.11( O
8.024( 0}
s.43.1 0}
3.2621 0)

Value
(BTU/FL 2-3ec)
2.1491 0)
s.4401 0)
.3 O
$.0721 O}
$.240( O)
9.2%2¢ 0
9.626( 01
€.547(1 0)
.65t O)
1ML O
Null
9.%66( O)
s.414¢( 0)
7.1904 O} .
$,%49( O)
$.7974 O)

valie
{(BTU/Fr2-Sec)

5.70%( O
§,696( 0)
5.5581 Oy

Null
6,364 0)
6. 100 ( 0
$.997( 01
7.780¢ O}
[ I3}
7.875( O

Null
6.437¢( O}
8.125( O
6.69%¢( O)
4.518( O
2.666( 0}

Valus
{BTU/FL2-50¢C)
2.093( 0)
2,235 )
3.3140 00
Null
3.099( 0}
4.9%3( Oy
S.9%1(1 0
8,104 O}
1.222¢ 1)
1.4 )
Null
$.534( 0)
4.9%( 0
1.23%¢( O
1.166( O}
8.0 ¢{-1)

T Surt
{DagR)
545,91
546,61
$45.79
546.24
547.33
$40.31
948,49
545.9%
4%0.%0
549.98
Null

948,67
$40.61
$45.41
$43.47
542.07

T surf
(DegR)
$52.%0
$51.49
$51.236
551.5%4
882.4%
$92.67
5%2.78
$50.40
$32.9%
$53.44
Null

5%2.61
551.4%
551.17
$49.09
$49.9?

T Sur!
{DegR}
541.46
$43.79
543.30
Null

$43.87
544.12
$44.32
$44.18
$46.35
$45.32
Null

544,56
$4%.90
$43.78
542.27
540.79

T surt
[(-21-11}
542.28
$42.15
$42.92
Null

54).39
$43.06
S44. 44
345.36
549.08
$51.00
Null

$43.02
$44.2)
$40.91
340,76
540.49



Gauge
Labe )
HYS2
L 233
RT50
HT4
HT¢)
HT42
Hra1
HT40
HT3®
HTIS
KT
T3S
T3S
HT34
N7l
NT)2
HTI)
HT10

Gauge
Label
HTS2
NTS)
KTS0
HT44
HT4)
HT42
NT41
NT4C
HT19
HT30
WT3?
L]
KT35
HT34
AT3)
HT32
HI3}
K730

Gauge
Lape.
NTS2
KTS51
MT50
KT44
HT4)
HT42
HT4)
HT40
NT)S
KT8
HTY?
MT36
HT3S
KTI4
K733
HT32
HT3)
NT30

Gavge
Labe!
NTS2
NTS}
KT50
NT44
NT4G
HT42
KT4)
NT40
KT3I
NT)®
[ap b
22 1
HTIS
T4
NT))
NT32
NTd)
NTI0

loc.
{geq}
-69.00
-61.0)
54,86}
-44.5%)5
-43.40
42,68
-41.79
=40.00
-40.00
-39.1)
=-39.20
-37.42
-36.58
=-3%.6?
3N
-31.Mm
~33.02
3.0

loc,

(deg)
~69.00
-61.0)
-54.0
~44.5%5
~41.60
=~42.69
-41.79
-40.00
=-40.00
~39.1)
~30.20
-31.42
~36.59
=35.67
=M.
-3
-32.2
-31.09

loc.

{deq)
-4%.00
-61.0)
-54,61
-44.%5
-43.60
=-42.60
~41.79
-40.800
«40,00
-39.1)
-38.28
-37.42
=36.58
~35.67
-3
-3.7
~32.02
=31.89

Loc.

(deg)
-69.00
-61.0)
=34.6)
-44.5%
-41.40
~42.60
-41.7¢
~40.01
-40.00
=39.13
=30.2¢
-37.42
~36.50
-35.67
=37
-n.mn
-32.02
=31.09

Value
{BTU/FL2-Sec)
1.097(-1)
3101 -1y
2.016¢-1)
4.044¢(-1)
1.931(-1y
$.7%0(-1)
1.5 -1
6.892(-1)
9.2221-1
.35 (-3
6.526(-1)
4.019¢-1
S.900¢(-1)
1.462(-1)
1.602( 0y
Null
1.4 O
1.5%7¢0 0y

Aun

Vaiue
{BTV/FL2-5ac)
$.041 (-2
1.92¢(-1
1.443¢-1)
2.328¢-1)
1.2461-1)
$.001 (-1
$.296(-1)
Null
7.008¢(-1)
6,30 (-1
4.6%9(-1)
2.047¢-1)
4.503¢-1)
1.33)¢-1)
0.374¢(-1)
Nold
1.014( 0y
1.383( 0)

kur.

Value
{BTU/FL2-Sec)
3.2061 Oy
.80 0
7.308( Oy
1.871¢ 1y
1.5%0( 1y
Null
1.2 1y
Null
1.576¢ 1
1.960( 1)
2.302¢( 1)
Null
2.722( 1
1.7%1 1)
Null
Null
2.197( 1)
Null

Run

Vaiue
{BTU/Ft2-Sec)
2.0%44 0)
J.146¢ 0}
4.001¢ 0
LMD
Nul)
1.349 1)
6.220¢ 0}
9.040( 0)
7.965¢ 0y
3.675( 0y
8.099( 0)
T.646( 0)
0.1%1 0
1.7014 0y
1.12%¢ 1y
Null
l1.440( )
1.6t 1)

Run

T Surt
(DegR)
$38. 65
$38.78
$38.74
$38.49
$30.3¢
338.7¢
$38.50
538,44
$318.77
5ie. M7
$30. 67

Gauge
Lebe:
N12%
HT28
K127
HT2¢
HT 23
HT24
WT23
NT22
HT2.
HT2C
HT19
HIle
NT17
HTie
NT1%
HT14
HIi3
HTl2

Loc.,
(deg}
«30.99
-30.08
-29.18
-20.28
-27.41
-26.54
=~25.66
-24.00
-23.94
-23.080
~22.2%
~21.40
~20.5%¢%
-159.62
~18.64
~17.66
-16.69
=157

9 Reduced Data Tabdulstion

T Surt
{Degk)
340,36
540.%0
540, 48
540.1)
540.13
$40. 42
$40.3%
Null

5$40.%)
540.%¢
$40.%2
340.40)
$40. 49
540.28
540.4)
Nuli

540.5%9
54L.9]

Gauge
Lapel
HT29
HT2e
NT27
HT2¢
NT2:
KT24
HT2)
HT22
KT21
NT20
HT.S
HTle
HT1Y
HTi6
NT1%
HT14
HT13
HT12

Loc.
(deg)
=30.9%
~30.08
~29.310
=20.20
-27.4)
~26.%4
-25.66
~24.80
-23.9
~23.00
-22.2%
-21.4¢C
«20.%6
-19,62
-18.64
17,68
16,69
-1%.Mn

10 Reducec Data Tabulatlon

T Surt
(DegF)
$37.0%
$38.7¢C
$41.10
349.5¢
540.0
Null

545,56
Null

$48.00
$50.14
3%7.21
Null

560, 9¢
$%1.23
Null

Null

$36.02
Null

Gauge
lapel
HT29
H120
HT2?
KT26
HT25
HT24
HT23
HT22
HT21
HT20
HT19
HT1®
HT1?
HTle
HT1%
HT14
KT13
HT)2

Loc.

(aeg}
-30.99%
«30.08
-~29.18
-20.20
«27.4)
«26.54
~25.66
=24.00
2.9
-23).00
~22.2%
-21.40
-20.%¢
~19.62
-10.64
~17.46%
-16.69
-15.M

13 Reduced Data Tabulation

T surt
{DegRr)
$40.32
541,03
s42.Mm
351.06
Nall

$%4.70
$45.33
550.47
54805
$43.42
$50.00
$40.5%¢6
$50.03
548,464
954.10
Null

8%7.27
$%7.32

Gauge
Labe)
HT29
HT28
HT2?
HT26
HT2$
NT24
NT2)
NT22
NT21
HT20
HT19
NTi8
NT1?
HT16
NT1S
HT14
HT1)
HT12

loc.

(geq)
«30.99
-30.08
-29.19
-28.28
-27.41
«26.%4
-25.66
-24.00
~23.0
~23.00
-22.2%
«21.40
~20.%¢
«19.62
-18.64
=17.66
-16.49
-15.Mn

14 Reduced Data Tabulation

Valuve
(BTU/Ft2~-Sec)
.16 ¢-1)
3.799¢-1)
1.307¢ 0)
0.310¢-1)
1.39%( 0y
1.109¢( 0)
4.369(-1)
1,444 0y
1.0 0
1.967( 0y
1.9851 )
1.508¢( 0
Mall
2.003¢ 0)
2.009( 0}
1.648( 0y
1.207¢ O
1.3821 0)

Value
{BTU/FLi-Sec)
9.143(-))
2.687(-1)
1,204 0)
6.54% (-1
1313 o
1.30%(1 0)
3.1
l1.¢23( 0
1.6124 0}
1.521¢ 0y
1.6008¢ 0)
1.3%7¢ 0y
Null
1.82( 0y
1.212¢ &)
1.503¢ 0y
2.029¢ ¢
1.985¢ Oy

Value
(BTU/FL2-5¢2)
2.171¢ 1)
.27
2.3t
2.17%¢ 1)
2.147( 1y
2.3%7(¢ 1}
2.4%8¢ 1)
2.4701 1)
2.5%661 1)
2,434 1y
2.5121 1)
Null
Null
2.189¢ 1)
2.163( 1y
2.23%( 1)
2.682( 1)
2.005¢ 1))

Value
10TU/Ft2-5ec)
l.464(¢ 1)
1.662( 1)
2,106t 1)
2.260( 1)
2.26%( 1}
2.322( 1)
2.43%¢( 1}
2.019%( 1)
2.9%(nH
1.699( 1)
2.%47( 1y
2,431
Mull
2.3}
2.301¢ 1}
2.600¢ 1)
2.624( 1)
2.1451 1y

B-109

T Burf
(DegR)
938. 68
$30.32
$38.%9
$30.33
$35.0?
338.9%
338.4¢
$39.02
$319.20
$39.22
39,44
L I ]
Null
$39.54
539,44
539,48
538.2¢6
53s.1e0

T Surf
{DegR}
340.%8
840,06
540,40
540,16
$41.0%
$41.20
540,29
541,12
$41.%0
541,48
$41.9)
541,68
Kull

42,3
LLR N &)
S41.6%
541,94
342.23

T surt!
{DeagR)
$%6.09
5%6.09
$57.04¢
535.9¢
%%
387.3¢
85019
$99_ 45
560.90
$58.4
361.02
Null

Null

$57.73
557.70
$59.32
562.03
554,93

T Surf
{Degh}
$%¢.37
359,36
$61.98
563,51
56%.2)
$65.81
368,36
339,40
569.9%9
850,60
360.73
566,69
Mull

L1181 ]
$64.60
367.29
365.9
$61.18

Gauge
Label
NT11
NT10
KTS
HTR
NT?
HTE
L8]
KT4
HT3
NT2
HT1
HT4Y
HT4E
HT4?
HT40
HT49

Gauge
Label
HT1Y
HT10
NT9
HTE
HTI
HTe
HTS
HT4
HT)
NT2
HT1
HT4S
NT4eéE
HT4?
HT40
RT4S

Gauge
Label
NT}1
HT10
NTS
HTH
HT?
HTE
HTS
NT4
NT)3
nT2
KT
HT4S
KT46
HTO
NTee
NT4S

Cauge
Label
HT11
KTl0
[ 34 ]
(31 ]
NT?
HTé
NTS
NT4
N7
nr2
Tl
NT4Y
HT44
HT4?
KT40
HT4Y

loc,
16eQ)
~14.7%
~13.68
-12.03
«11.00
=10.9)
~-9.98
-9.0¢
-8.1C
~4.34
-1.%6
-.62
4.34
8.10
16.69
26.54
35.67

.10
16,99
26.54¢
35,47

loc.
{deq)
~14.75
=-13.68
-12.0)
-11.n
-10.9)
-9.99
-9.04
-8.10
-4.04
=1.%¢
~.62
4.34
8.10
16.€9
26,34
35.67

Value
{BTU/FL2~Sec)
1.M%1 0y
1.670( D)
1.746( 0)
2.0080( 0}
2.45%01 0)
2.009( 0)
Jast 01
2.385( 0)
8.255( O)
1.421( 1y
Kull
2.447( 0y
2.248( 0y
6.168(~1)
T.914¢-11
$.243¢-1)

Value
(BTU/FL 2-Sac}
1,781 0y
2.092( 0}
2.485¢( 0)
Null
2.357( )
1.9 Oy
3.430( 0y
3.490¢t 0)
8.020¢( Q)
1.358¢ 1)
Null
2.930( Oy
2.230( 0y
3,086(-11
$.200 (-0
4.2194-))

Value
{BTU/FL2-Sec)
017
L3420 1
949 1
L9010
R LIRS
L3751 1)
A6
LD
2.279¢( 1)
1.995¢( 1)

Null
2.383¢ )
1.943: )
1.9
1.98¢1 1)
1.684¢ O}

=N N e g

Value
(BTU/Fr 2-%ec)
2.8561 1)
3.0lo( M)
2.676( 1)
2.3571( 1)
.M n
2.606¢ 1)
JAasM D
1.867¢( 1)
2.626( 1)
2.%43¢( 1)
Null
3.0l
Null
2.309¢( 1)
Null
5.641-))

T surt
(DegR)
539.2¢
539.0¢
539.17
$39.17
539.%4
$39.0)
$40.09
9. M
LT F
947,07
Null
539.80
$39.77
$35.32
5)8.0%
838.60

T surt
{CegR)
541,76
541.72
542.04
Null
%42.0
542.0%
543.10
$43.10
$46.90
$50.m
Null
542.6.
542.18
$40.97
S4C.99
340,54

T s
{DegR)
555,21
256,34
$94.29
5$%4.6)
458.2¢6
558.C4
550.49
$50.92
$56.04
854,87
Rull

587.20
$54.92
$%3.95
$30.5%¢C
535.239

T surf
{DegR)
564.47
369. 97
962,23
859.97
$62.92
564.92
566.4)
$51.9
365.1)
963.0%
Null

566.22
Null

965.31
Null

$39.12



Gavqge
Labe!l
NTS2
W19l
NT30
nTae
HT4)
42
HT4)
HT40
NT)Y
HT3S
HT)?
NT6
HT)S
HT34
W)
NT3Z2
HT3%
HTIO

Gauge
Labe)
THTS2
NTS)
HT%0
HT4S
HT4)
WT42
NT4L
NT4O
HT39
HT)IS
NT3I?
ke 1)
NT3S
HT4
W13l
nTI2
L3813
w130

Gauge
label
NTH2
NT3)
HT30
HT4d
HT4)
NTa2
HT4)
HT40
N1
(28]
NTI?
nTI6
T3S
HTI4
Lx 2} ]
WTI2
N
T30

Gauge
Label
K12
RTSY
nTso
NT4S
NTed
wTa2
NTE)
NT40
NT3S
NT3S
H1?
HTI6
nT)S
(321
HT3)
NTl2
(32}
R10

Loc.
(deq)
~69.00
-61.8)
-54.8]
~44.%
-43.60
-42.69
-41.79
-40.88
-40.00
-39.1)
-38.38
=37.42
-36,58
-35.67
=3¢
-3.1
-32.92
-3i.00

Loc.

{oeq)
-$3.00
-$1.83
34,61
~44.5%
-43.60
-42.6¢
-41.79
-40.688
-40.00
-35.12
-30.28
-31.42
-36.98
-35.87
£ L bY
«33.717
-32.02
-31.0%

Loc,

(aeg)
-$9.00
-61.0)
=$4.61
44,98
-4).60
-42.68
-43.79
-40.81
-40.00
-39.1)
-30.20
-37.42
=36.%8
-3%.47
-7
=311
~32.82
=-31.09

loc.
(aeQ)
-69.00
-41.083
-54.61
-44.9%
=43.60
-42.60
-41.79
-40.98
-40.00
-39,1)
-38.28
«37.42
-36.90
=3%.87
-3.7
-33.7M
-32.82
-31.09

value
{(3TU/F2~Se0c)
1.061¢ 0)
2.0260 )
3.0421 00
8.010( O}
Null
1.104( 1)
0.3101 O
0.170( 0}
6.976( O}
.064( O)
7.320( O
0.368¢ 0}
$.229( Oy
6.607( O
Null
Null
1.2961 1)
Null

fun

valus
(BTU/FL 2-58C)
6. 978( 0}
Ruil
Null
e
Null
3.%460 1)
2.6601 1)
2.1
1.486¢( 1)
1.4%2( 0
1.%945¢ )
9.008¢( 0}
0.39%01 O}
1.9171 O
9.304( O)
Null
6.9721 0
1.008( 1)

Aun

Value
{BTU/FL2-80C)
3.9011 O)
9.192( 0}
.0741 O)
1.0720 1)
Null
Null
1.2 1)
Null
2.23% )
Null
Null
Null
Null
2.9 1)
4.3251 1)
Null
3.536L 1)
3.5 1

Aun

Value
(BTU/FL2-8ec)
.05 0
3.063{ 0)
1.0
1.432( 1}
Mull
2.408¢ 1)
.11 D)
1.905¢ 1)
1.838( 1)
.0 1)
2.3920 1)
2.348( 1)
2.7 1)
1.938¢( 1)
2.5 1)
Null
2.407¢ 1}
2.8%1 1)

Run

T Surt
(DegR)
$40.5¢
$41.3)
$42.04¢
545.19
wull
S46.42
$44.52
s44. 21
$43.51
$44.77
$44. 21
544.06
S44. 98
$44.40
Kull
Null
$48.40
Null

Gauge
label
HT29
HT28
HT2?
HT26
NT2%
HT24
NT2)
NT22
HT21
HT20
NTL1®
HNT18
NT1?
HT16
HT1S
nTI4
HT1)
HT12

Loc.

(geq)
«30.99
=30.08
-2%.19
-20.28
~27.4)
-26.54
-25.6¢
-24.00
-23.%
-23.08
-22.2%
=21.40
-20.%¢
-19.82
-10.64
-17.66
-16.69
-15.M

15 Reduced Data Tabulatlon

T surf
(DegR)
$51.47
Nul)
Null
$72.9
Null
$66.%2
360.09
$57.5%¢
$%2.3?
$53.07
$5%.17
$51.26
950.4)
$50.7¢
$82.30
Null
$50.32
555,60

Gauge
Label
HT2%
HT28
NT2?
HT24
HT23
HT24
HT2)
HT22
HT21
RT20
WTL1®
NT10
HT1?
HT1é
HT1S
NT14
HT1)
HT12

Loc.

(aeg)
-30.9
-30.00
-29.19
«20.20
-27.41
-26.%¢
-25.4¢8
-24.00
-23.9
~2).08
-22.2%
-21.40
-20.5¢
-19.62
-10.64
-17.68
-16.69
-15.71

16 Reducea Dats Tabulatien

T Surt
(Degh)
$40.05
5%0.7%
97,60
$76.03
Null
Null
$13.10
Null
58).2¢
Null
Null
Null
Null
$00.9?
598,63
Null
592.21
$93.1%

Gauge
label
NT29
HT28
HT2?
WT26
HT2%
HT24
HT2)
NT22
HT21
HT20
HT19
NT18
NT1?
HILé
HT13%
NT14
HT13
HT12

Loc,
{deg)
-30.99
-30.08
=-29.19
-20.2¢
~27.4)
26,9
-25.66
-24.90
-23.94
-2).00
-22.2%
=21.40
-20.%¢
-19.462
-18.64
-17.66
-16.69
-15.M

17 Reduced Dats Tabulstion

T surf
{Degh)
$36.77
939.%%
343,14
881.3%
Null
562.2%
S48, 47
9517.00
$52.03
566.%4
$60.02
$60.98
36%.78
1

Gauge
Label
HT29
nrae
NT2?
HT26
[ 341}
NT24
NT23
HT22
HT21
HT20
NT19
NT10
HT1?
nTlé
223
HT14
HT1)
112

loc.

taeq)
=30.99
-30.00
=29.10
-20.20
-27.41
-26.5%¢
-29.86
~24.80
-23.9¢
«21.08
-22.25
-21.40
«20.5¢
-19.62
~18.64
~17,66
-16.69
-15.1M

18 Reduced Data Tabulation

Valuse
{BTU/FL2-38C)
1.206¢ 1)
1.930( 1)
1.022( 1)
1.967( 1)
1.4570 1
1.903¢ 1)
1)
1.407{ 1)
2.2%%( 1
2.5231 1)
1,818( 1)
1.600( 1)

1,229 1}
1.187¢ 1}
1.497( 1)
1.78%¢C 1)
1.37%¢ ))

Value
{BTU/FL1-%aC)
6.1%3( 0)
7.1140 01
1.1%34 1}
Null
5.998( O)
6.557( 0)
7.632¢ O}
7.813( O
71.960( 0y
8.560( O)
$.%520( 0}
9.790( O}
$.272( Oy
9.2%5%( 0y
0.5%21 )
1.2661( 1)
8.950¢( 0)
1.901¢ O)

Value
(BTU/Fr2-Sec)
3.059( 1)
3.240( 1)
4.530( 1)
Null
s a0 { 1)
1.1050 2)
1.110( 20
0,250 1)
5,960( 1)
4.1
2.053¢ 1y
1.50%( 1}
1,257 1)
1.0Mm N
1.266( 1)
1.209( 1)
1,330t 1)
1.437 (1)

Valus
{BTVU/Fr2-8ec)
2.7%0¢ 1)
2.7130( 1)
3.03%( 1)
Null
3.3441 1)
3.2%%( 1)
2L
.97 1)
¢.030¢( 1)
6.570( 1)
1.199( 2)
1.191¢ 2)
6. 9901 1)
.M n
1.400¢ 1)
1.007¢ 1)
61200 O
9.012¢ 0)

B-110

T Surt
{Degh)
547,26
181.40
552,64
$50.61
9$91.41
854,49
$93.17
$50.01
57,77
534,86
$%2.42
$83.2)
Null

545,02
$80.2¢
8%2.79
854,09
$31.97

T surt
(Dagh)
$49.46
950,19
554,44
Null
549.139
350.08
$%0.60
§51.16
$%2.1)
$31.49
$53.70
454.07
$52.05
$51.73
$52.56
$56.20
$%2.22
351,16

T Surf
(Degh)
$80.31
837.16
604,03
Mull

611.08
610,02
$94.32
$01.00
$70.54
565.66
$59.13
$37.50
857,01
355,99
557.11
$57.07
857,06
336.80

T surt
{Degh)
960,34
867,18
$70.41
Null

371.99
$72.3
$74.70
s82.1M
600.23
613.3)
$27.03
607,95
504,66
3450.09
549,22
$47.02
844.9%
$47.78

Gauge
Label
RrT11
KT10
HTS
HTS
HT?
NT$
NTS
HT4
HT)
KT2
HT1
HTeS
HT46
KT4?
NT48
HT4

Gauge
Label
NT11
HT10
NTS
HTE
HT?
nTé
NTS
NT4
L3 2]
nT2
RT1
HT4S
HT4S
HT4?
HT4D
HI4S

Gauge
Label
KT11
MT10
HTS
2] ]
NT?
HT6
KTS
HT4
KT)
NT2
nTl
HT4S
HT4 6
NT4?
NTeS
NT4D

Gauge
Label
HT11
HTi0
(23]
KT
Lyl
HT6
nrs
KT
NTI
HT2
N1l
HT4S
NT46
HT4?
HT4S
HT4S

Loc.
tdeg)
~14.7%
-13.68
-12.03
-11.88
-10.92
-9
-9.04
-9.10
-4.3¢
-1.%6
-.62
4.4
8.10
16.69
26.54
3%.67

Loc.
{deq)
-14.7%
=13.68
-12.83
-11.08
=10.93
-3.9
-9.04
-8.10
~4.34
=1.56
-.62
.24
9.10
16.69
26.%4
35.67

loc.
(geg)
-14.7%
-13.68
-12.0)
-11.48
~10.93
-9.96
-9.04
-8.10
-4.34
-1.%¢6
-.62
4.34
9.10
16.6%
26.%54
33,67

Value
{DTU/FL2-Sec)
1.388¢ 1}
1.247¢ 1)
1.344¢ 1)
1.447¢ 1)
1.23%¢ 1
1.460¢( 1)
2.031¢ 1)
Null
2.9 1)
$.926¢ 1)
Null
3.0161 1)
Null
1.4260 1)
$.392(-11
4.010 (-1}

Value
{DTU/FL 2~ SacC)
8.2000 O
9.342¢{ 0}
1.001( 1)
.34 )
9.086( O)
$.349( O)
1.19%( 1)
1.204( 1)
1.13%¢ 1
9.103¢ 0}
Null
0.792( O)
9.007¢ Q)
8.7861 0)
Null
1.491( C)

Valiue
(BTU/Fr2-5ec)
1.447¢ 1)
1.)48( 1)
1.390¢ 1)
1.30%( 1)
1.313¢ 1)
1.115(0 1)
1,200t )
1.657( 1)
1.105( 1}
1,083( 1)
Null
9.70%¢( 0)
7.080¢( 0}
7.043( 0}
Null
2.2 0

Value
(BTU/Fr2-Sec)
1.000( 1)
0.860( O)
1.4830 1)
1.563( 1)
1.982( 1)
1.1 1)
.18 D)
1,268¢( 1)
101
1.082¢ 1}
Null
9.6181 O)
7.7 03
6.230( O}
.31 0)
$.908( O)

T surf
(DegR)
$51.01
49,78
$%0.5C
$%1.20
$50.080
949.68
$53.39
Null
$59.06
574,59
Null
563.6)
Null
$50.24
$39.1%
$39.20

T surt
{Oagh)
$51.34
$52.58
$5).47
$53.2%
$%2.39
§51.1)
$42.96
$56.30
$55.08
591.9%
Null
551,52
551,63
951.2%
Null
542,12

T Sur!
(DegR)
5%7.03
$96.0)
956.46
$56.29
585,96
$54.74
$97.07
$6%.3)
$56.3?
555,40
Null

$56.04
$52.54
$52.29
Null

544. N

T surf
{DegR)
$47.17
$4¢.72
548,48
$50.11
550.26
$48.01
547.47
949.00
549.00
$46.76
Null

544,96
$43.6)
542.60
$40.29
$41.7%



Gauge
lape)
nTS2
NTS)
HT%0
NT44
NTe)
HT42
HT4}
HT40
HT39
HTIN
e
HIde
KIS
NT34
HT))
K132
M
HT30

Gauge
Label
HTS2
HTS1
NTSO
HT4a
HTeD
NT42
HT4l
NTeC
HTI®
L] ]
737
HT)E
NT)S
LigY]
KT3I
HT)2
™
HTIO

Cauge
Lipe!
K152
WIS}
NHTS5C
HT44
HT4)
HT42
HT4)
NTa0
NT)S
KTl
HT3?
NI
HT}S
HT34
W1
NT)2
¢}
K130

Gauge
Label
nyS2
HTS)
RTS0
NTd4e
NTed
nTa2
NT4)
HT4O0
NTIS
nre
HT3?
L1
HTIS
KTI4
NT3)
NT32
WT31
NTIO0

Loc.

({oeg)
~69.00
-61.0)
%401
-44.5%
-43.40
~42.60
~41.7
-4c.0
=4C.00
-35.13
-8 20
=)7,42
~36.%0
=35.67
«3.m
=3
~32,82
«31.89

Lloc.

(0eq!
-69.00
~61.0)
=54.6)
~44.%%
~43.60
~42.69
-41.79
«40.00
-40.00
=39.113
-)8.20
-37.42
-36.%0
«35.67
=3¢
~33.n
-32.02
-31.09

loc,
{deg)
-49.00
-61.8)
-54.6)
-44.5%
=-4}.6C
=42.60
~41.79
-40.00
-40.00
=-31.12
-38.20
~37.42
~36.58
=35.67
-3
-33.1
-32.02
~21.89

loc.

taeq)
-§9.00
-61.9)
~-54.61
-44.9%%
~4).40
-42.60
-41.79
=~40.09
=-40.00
=-39.13
-3t.20
~37.42
-36.50
-35.67
-3
-3.M
~32.02
=31.09

Value
{BTU/Ft2-3ec)
2.070¢ 0)
J.e( 0y
.73 0
1.263¢ 1)
Null
LWy
7.3%4¢ 0}
1.0 1)
9.460( 0)
1.929( 1)
1.664¢ 1)
1.783¢ 1y
2.122( 1)
1.349( )
1.9%4¢ 1)
Kull
1.061¢ 1)
2.6321 1)

Run

Value

{DTU/FL2-8ac)

.20

4.226( 0)
L1671 0)
L6761 )
LI02¢ 1y
L4041 1)
L6211 1)
230
L196( 1)
21 )
N ITEERT]
L203¢ 1)
L1040 1y
366 1y
9831 1)
Nuii
I FEERY]
Nudl

et R R RN N VUL

Rur

Value
(BTU/Ft2-5ec)
3.3%7¢ 0y
4.644( 0)
6.302( 0y
1.736¢ 1)
1.500( 1y
2.3 1y
1.3%9¢ 1)
1,304 1)
1.,137¢ 1y
2.37( 1))
2.9 1)
3.254( 1)
$.856( 1)
LIS FONES Y]
$.765( 1)
Nall
9.%008¢ )
9.244( 1)

Run

Value
{OTU/Ft2-Sec)
3.%10¢( 0)
3.709¢ 0)
$.697¢( 0
1.3%( 1
1.
2.004( 1
1.013¢ 1)
1.601¢ 3}
1.262( 1y
2.235( 1)
1.7 1
1.987¢ 1)
2.3 (1
1.643¢ 1)
2.213( )
Wull
2.197¢ 1)
2.%62( 1)

Run

T Surt
{Degh)
339,72
540.3¢
$42.%2
547,64
Muil
$8) .40
.m0
549.1)
545,78
382.29
350.92
$30.00
852,98
$47.99
382.27
Null
$52.42
533.3%

Cauge
Labe]
HIZ2%
NT20
NT2?
NT2%
HT25
HT24
HT23
WT22
HT21
HT20
KT19
HT1e
NT1?
KTle
HWT1S
HT14
HT13
HT12

Loc.

{deg}
=30.99
-30.08
~29.18
-28.29
-27.41
~26.5%4
=25, 66
~24.00
-23.94
=2).08
-22.2%
-21.40
-20.5%6
~1%.62
~19.64
=17.66
~16.¢9
-18.71

19 Reduced Dats Tabulatlon

T surt?
{DegR)
$45.02
$46.01
$40.00
559,30
550.87
568.39
458,12
59,59
$62.0%
$%69.12
367,97
565.67
$72.93
$%4.10
584.10
Nul)

594,40
Noll

Cauge
Lave!
HT2%
KT28
HT2?
NT2¢
HT2%
HT24
HT2)
NT22
NT21
HT20
KT19
HTi@
HT1)
HT1 &
HT1S
HT14
H113
K112

Loc,

{geg)
~30.99
-30.00
-29.19
-28.20
-27.41
-26.%4
-25,.66
~24.00
-23.94
-23.08
-22.2%
~21.4¢C
~20.5%%
-19.62
~10.64
~17.6¢
-16.69
=1%5.7

20 Reaucec Data Tab.lstior

T Surt
(Degk)
$47.32
540,41
550.41
$59.11
587,32
$65.40
$56.00
557,79
5%9.92
366.47
569,78
$71.69
906.51
574.8%
604.99
Nul)

€11.43
609,52

GCauge
Lape]
HT29
HT28
HT2?
HT26
HT2S
HT24
HT2)
K122
HI21
HT20
HTl9
HT18
K112
HTlé
HT1S
HT14
HT1)
NT12

Loc.

(seg)
=3C.99
-30.08
~28.10
-28.2¢0
-27.4)
=26.5%4
-2%.66
-24.0C
~2).9¢
-23.09
~22.2%
~21,40
~20.56
=19.62
-10.64
17,68
~16.69
-15.n

2) Recduced Datas Tabulation

T surt
{DegR)
342,97
3.9
846,06
$54.02
$54.51
$¢3. 80
$81.07
$59.20
$54.%4
567,40
563.09
$63.3%
$60.1%
360.02
847.3¢
Null
$66.10
869. 6

Gauge
Lebe)
K129
HT20
NT2?
HT26
KT2%
NT24
HT2)
HT22
NT2)
HT20
HTlS
HT12
HTY?
HT1¢
HT1S
HT14
NT1)
HT12

loc.

{deg)
-30.9%
-30.08
-2%5.10
-20.2%
-27.41
-26.3%¢
-25.64
-24.00
~23.9¢
~-23.08
-22.2%
~21.40
~20.%¢6
~19.62
=18.64
-17.66
16,69
~15.M

22 Reduced Dats Tabulstion

Value
{BTU/Fr2-Sec)
1.960( 1)
1.006( 1)
2,1200 1)
2.113¢1 1}
2.454¢( 1)
2. M1 1)
2.1 1
2.97%4 1)
3. 241 1
3.095¢( 1)
3.820¢ 1Y)
ey
3.2%6( 1)
4.127¢ 1}
0.681( 1)
1.1811 2
8.0%4( 1)
J.aive

Value
(BTU/FL2-5ac)
Null
1.007¢ 2}
1.1%0¢ 2}
1.8%%¢ 1))
6.996¢ 1)
4.45%1 )
2.919( 1)
1.820( 1)
l.iiee
.90 0y
.27
$.013( 0}
6.837( 0}
7.344¢ 0}
5.40%¢( 0)
7.650( 0)
7.912¢ 0}
$.246( 0)

Value
(BTU/Tt7-Sec)
6.866¢( 1}
4.187( 1)
415
J.ee 1y
2.613¢ 1
2.569¢ 1)
1.708¢ 1)
1.212¢ 1)
9.552¢( Oy
.01 0y
9.634¢( 0}
1.918( 0)
$.090¢ 0)
6.460( 0}
$.171{ Oy
6.173¢{ 0)
S.640( )
S.078( 0y

Value
{dDTU/FL 2-Sec)
2.8 1
2.347( 1
2.302( 1)
2.602( 1)
3.939¢ 1)
2.968¢ 1}
3. 062( 1y
31.58¢ 1y
40731 1)
3.792¢ 1)
4.063¢ 1)
€333t n
Null
1.017¢ )
1.299( 2)
T30
2,860 1)
1.2041 1y

B-111

T Surt
{DegR)
$52.40
352.7
554,44
53).8¢
555.14
556.9Y
537,60
560.48
$83.19
562.72
566.07
566,54
567,00
$72.20
584,99
594,39
809.0¢
$74.3¢

T Sur!
{DagRr)
Mull

€23.20
€29.19
607,51
$95.132
$84.04
372,08
362.68
$56.11
$53.6%
$57.14
547,87
$%0.12
349,48
547.0%
540.5)
548,42
248, 9

T Surt
{DegR)
$00.73
589.07
$86.21
$76.9)
371.63
565.03
561.29
$59.5%0
536.9%9
535,49
$59.47
587,70
$55.99
556,46
554,88
5%31.92
$92.72
$%2.84

T surs
(Degh)
368,97
370.9)
$72.82
572,64
$7%.30
$78.19
$69.0?
$81.9¢
387. 4
88%.00
397.3
61¢.08
Null

841,67

Couge
Llabe]
HT11
HT10
NTY
NT8
MT?
NTé
NTS
HT4
HT)
K12
NT)
HT4S
HI4¢
HT¢?
HT4R
HT4S

Gauge
Label
Il
HT1O
NT9
Lkd ]
KT?
NT6
HTS
HT4
NT)
HT2
NT)
HT4%
HT46
HT4?
HT4e
HT49

Cauge
label
HT11
N0
HTY
HTS
HT?
HTE
HTS
HT4
HT2
K12
HT)
HT4S
HT46
HT4?
HT42
HT49

Gauge
Label
HT1)
NT10
NTY
NTS
HT?
NT6
NTS
NT4
NT)
NT2
NT)
NT4S
NT4E
N4
HT4O
HT4S

Lec.,
(deq)
~14.7%
=~13.68
-l12.03
~11.88
~10.93
~9.98
~9.04
~9.10
~4.34
-1.%6
-.62
[ T
.10
16.6%
26.54
35.67

loc,
(deg)
~14.7%
~13.¢8
-12
=11.08
=10.92
-9.99
~%.04
-8.10
-4.34
~1.%¢6
-.62
4.3¢
.10
l16.89
26.5¢
35.¢67

lec,
{0eQ)
14,7
=13.68
-12.03
~11.0e
~10.93
~9.9
-9.0¢
~8.10
-4.24
-1.56
-.62
.4
8.10
16.69%
26.5%4
35,67

Value
{BTU/FL2-Sec)
.90 1y
0.22%9¢ 0)
5.560¢ 0)
6.265( 0)
9.066( 0)
1.185¢ 1)
1.269( 1)
l1.490¢( 1)
1.464¢ )}
l1.24¢¢ 1)
Null
1.004¢( )
0.994( 0)
8.209( O)
4.93%i C)
4.9364 O)

Valce
{BTU/FL2-Sec)
9.340¢ 0)
9.239( 0)
1.010t 1)
0.719%( 0y
6.891( 0)
.53 0
8.05¢1 Oy
6.579( 0)
31.%20( 0)
3.0
Null
2.796( C)
2.46%( 0)
1.087¢ oy
1.622¢ 0)
1.006¢ 0

Va.ve
{BTU/FL2-5ec)
5.670¢ 0)
5.23%( 0)
6.237( 0y
.22t 0y
J.e2( 0y
4.349¢ 0
4,%05( 0)
3.13 0
2.312¢ Oy
1.1t 0
Null
2,612¢ 0)
l1.626( 0)
Null
7.624 (-2
0.662¢(-1)

Value
(BTU/Ft2-Sec)
.M 0
4.071¢ 0y
8.320¢ 0)
12%¢ 1
1.699¢ 1)
l1.407( 1y
1.378( 1y
1.549( 1)
1.7 (1
Nul)
LI B]
1.260( 1)
0.459( 0)
6.068¢( 0)
$.740¢ 0y
7.8130 0y

T Surt
{DegR)
565.46
$93.3:
$40.20
344.6;
Seq.0%
545.20
549,94
$47.23
549.14¢
$47.33
Null
$46.34
344,59
943,76
541,52
$42.19

T s.r1
(DegR)
549.13
$49.03
$49.75
548.9)
S4e. 90
547,95
S48.08
547,81
544,20
544.8)
Null

543,39
5¢3.7)
542.43
$42.%3
$4:.37

T Surt
{DegR)
$52.02
$81.21
851.47
$5C.€C
$49.03
S49.11
$4%8.00
$48.42
547,06
547,19
Null

$49.0¢C
$47.2)
Nl

545,78
$45.24

T Surf
{DegR}

$53.09
$54.02
$56.49
454,40
$54.10
$55.08
$56.9°
Null
Null
351.80
S49.9)
$40.5¢
$45.62
844.96



Gauge
label
T2
NTS)
TS0
KT&4
WT4)
NT42
HT4)
KT40
HT3®
(3¢ 1]
NT3?
HTIé
(3¢ 1]
HTI4
NT3)
HT32
HT31
HTI0

Gauge
Label
HISZ
HTS)
HTSO
HTA4
T4
HT42
HT41
WT40
NTIY
T3
WTl?
HT3é
HTIS
HTIC
WT3)
T2
M1l
HTXO

Gauge
Lapel
NT82
NTS1
NT30
HT44
RT43
NT42
[} £ 3%
HT4D
nTIS
Nt
H13?
K116
NTIS
NT34
nt1l
NTI2
nTi
HTYO0

GCauge
Labe)
HT%2
WT3)
NTSO
NT4e
el
NT42
NT4)
NT4O
NT)9
WT)E
N7
136
(3¢ 1]
NI
[ 22 3]
nrId
NTIL
HTIO

Loc.

(deg)
-$9.00
-41.03
-54.6)
-44,5%
-4). 60
42,40
~41.79
-40.88
-40.00
-39.1)
-38.20
37,42
=36.50
=35.67
-3
-33.77
-32.82
-31.09

lac.

{aeg}
-49.00
-$1.8)
-54.61
-44.9%%
-43.60
-42.68
-41.19
-40.00
-40.00
-39.33
=30.2¢
-37.42
“28.5%0
=35.67
-3¢0
-3
-32.02
-3.8

Loc.

taeQ)
-69.00
-63.03
=54.6)
-44,9%
-42.40
-42.68
-41.7%
-40.08
-40.00
-3%.11
-18.20
-37,42
-36.5¢8
«15.67
-34.M
-33. 7
-32.02
=31.9%

Loc.
(deq)
-49.00
-61.03
-54.6)
-44.5%
-43.60
~41.68
-41.79
-40.08
-40.00
-39.1)
«30.20
-31.42
=36.50
«35.47
-3
«-n.M
-32.02
=31.09

Value
(3TV/FL2-80C)
L4 O
s.008( O)
1.041¢( 3}
2.170¢ )
2.1 )
3.807¢ 1}
1.1 1)
3.04%¢0 1)
2.363( 1}
a2 )
3.805( 1)
3NN
1)
2.1 M)
[BEINRY

3.2%¢ D
3.1 1)

Aun

Value
aTU/Fr2-80¢)
S.4041 O)
6.99%4( 0
1.4 1)
3.022¢ 1}
2.600( 1)
q.002( 1)
1.7704 1}
2,025 1}
1.943¢0 1y
3,306 1)
3.063¢ 1}
3.897( 1)
$,7221 1)
4.730¢ 1)
1.23( D
Nuil
1.233 2
[ PRLLEERY

Run

Vaiue
(BTU/FL2-5eC)
$.488( D)
0.133¢ 0}
1,203( 1)
2.9740 1)
3.2420 1)
2.1 N
.7 1)
7.9%01 1}
9,780¢ 1}
1.0521 D)
[ F TIRY
71330 )
.M )
4.4200 )
2,720 ))
wull
1.648( )
1.4044 )

Run

Value
{BTU/FL2-B0C)
1.912( 0
3.002( 00
$.429( 0)
1.4 )
1.2%( 1)
.21 )
1.248¢ 1)
1.499¢0 1)
1.784¢ 1
2.303( 1)
2305 1)
2.1000 )
2.672( V)

2.630( 1)
el

T sur!?
{Dagh)
945,70
547.%%
551.17
563.43
$63.19%
$77.31
$60.0%
$71.41
564,98
966, 64
$81.12
s719.02
988,43
$71.01
584.2)
Null
s81.28
587,09

Gauge
Label
HT29
NT28
NT2?
HT26
WT2%
NT24
HT2)
H122
nT2)
HT2C
HT1®
KT10
HT1I
w116
WT1%
WT14
HT13
HT12

Loc.

{aeq}
«30,9%
-30.08
-29.18
-28.28
-27. 41
=26.%4
25,46
-24.00
-23.94
-23.00
-22,2%
-21.40
~20.9¢
-19.62
-18.64
17,66
-16.49
-15.M

23 Reduced Data Tabulation

T s.rt
(Degh)
540.84
$%0.92
535,42
$73.44
871,24
$09.12
466,76
578.06
$70.3%
885.21
$80.12
501.99
$99.2¢
5%0.2}
$50.1%
Null

$55.75
635.42

T Surt
{DegR)
4%0.75
$83.13
$57.06
987.%¢
590.41
621.62
599,92
617.39
616.3¢
625.80
607.314
$93.09
$79.72
$7%.00
364.09
Null

5%9.66
$51.27

Gauge
Labal
HT29
HT28
KT2?
NT26
HT2%
HT24
T2}
HT22
HT21
NT20
NT1®
HT10
K117
HT16
HT1S
HT14
HT13
NT12

Gauge
Lapel
HT29
WT20
W27
HT26
HT2S
HT24
NT2
HT22
T2}
HT20
NT1®
HT18
L3 2%
HT16
HTLS
RT14
HT1D
K112

Loe.

(ceag)
~30.9%
-30.00
«29.18
-20.2¢
~27.4})
-26.%4
-25.46
-24.00
«23.9%4
-2).08
-22.2%
-21.40
~20.56
-19.62
-18.64
-17.66
-16.69
-15.0

24 Regucec Lals Tabulation

Lec.

{deq}
=30.99
«30.00

29 Reduced Dats Tabulation

T surt
{Pegh)
$39.4)
$40.40
942.62
$%2.17
349.64
$59.68
$50.41
952.06
$%4.07
359.41
$39.46
9%7.02
$62.90
$54. 0
368.9%9
Null

869.58
$77.13

Gauge
Label
NT29
NT28
HT2?
HT26
NT2S
NT24
HT23
nr22
Nt}
HT20
HKT19
NTDE
nT1?
HT16
HT1S
HT1d
NT1)
w12

loc.

(deq)
-30.99
-30.08
-29.10
-28.20
«27.41
-26.%4
-20.4¢
-24.80
-1).9%
=2).00
-22.2%
«21.40
-20.%¢
-19.62
-18.64
=17.66
-16.69
-15. N

Run 27 Reduced Data Tabulstion

Value
(BTU/FL2-Sec)
. 900 1)
9.002¢ 1)
1.272(
1.0420 1)
7.608(0 1)
$.397( 1}
2.9%2t 1y
2.961(L 1)
2.002¢ 1y
1.922¢ 1y
1.930( 3}
1.568¢0 1)
1.7135¢ 0
1.5%1( 1)
2.062( 1)
2.8
2.%44( 1)
1.9361 1)

Value
(BTU/Fr 2-58C)
$.191 (1)
3.405( 1)
2.900( 1)
1.802( 1)
1.612( 1)
1.502¢ 1)
1.500( 1)
1.361( 1)
1.2380 1)
1.19%¢( 1)
1.001( )
1.29%( 1)
1.6 D
$.1734 0}
1.10%¢ 1)
1.018¢ 1)
1.1480 1))
1.049( 1)

Vaiue
(BTU/Fr2-5ac)
1. D
9.500( 0)
9.636( O)
0.106( O)
1.990( O)
8.21%( 0)
$.4%4( O)
N1 0
6.313¢ 0)
7.12%0 O)
1.030( 1)
9.630( O)
9.501( Q)
$.702( 0)
9.001{ O
1.802¢ 0)
9.017¢( 0)
7.618( O

Value
(BTU/Ft2-8ec)
2.6041( 1)
3.0 mn
$.227¢ 1)
.37 1)
1.009¢{ 2)
1.1 2)
1.1994 2}
8.060¢ 1)
.17 1
[(BEINER])
3.363¢( 1)
2.013¢ 1
1.%18¢( 1)
1.447¢( 1)
2172( M
11460 1Y
9.631( C)
$.0220{ 0)

B-112

T surt
{Degh)
$33.10
$1%.9)
634.7)
629.3)
€22.10
406,50
940.30
$74.27
$60.%2
359.00
$55.9%
$%6.7)
$%6.27
945,43
$50.10
$%7.99
558.70
$56.20

T Surt
{DegR)
¢12.69
396,49
375.05
$6). 64
$60.4%
560.46
960.00
$%%.11
$57.%0
156, 6%
$56.51
$57.%6
854,48
954,99
556.1)
$%%.76
$56.33
545,65

T Surt
{DegR)
856.63
$%4.24
$54.50
$53.19
583,47
354,93
$94.56
$54.92
534,61
$%¢.4)
854,67
854.70
$53.93
854,06
$54.00
554,13
$54.%9
$93.67

T surt
{Degh)
376.4)
593.39
€0%.12
$12.37
620,30
$23.5%%
603,97
402.70
906.3%
$76.2¢
961.3¢
$39.20
$33.65
$50.42
$46.10
847,17
546.29
947,07

Gauge
label
nrl1}
HT10
HTS
KTS
MNT?
TS
HTS
HT4
Lre)
HT2
KTl
HT4S
HT4S
HT4?
HT4
NT4S

Gauge
Label
HT11
NT10
TS
g ]
HT?
HT6
HTS
HT4
HT)
HT2
HT1
HT4Y
NT4G
NT4?
HT40
HT4Y

Gauge
Label
KT
WT10
Ty
HTO
MT?
NTé

nT4
WT3
HT2
HI1
NT4S
T4
HT4?
HT4S
NT4S

Gauge
Label
NT11
NT1O
LLbs ]
34 ]
NT?
NTé
HTS
KT4
NT)
H12
N1l
(L)
(321 )
w147
HT4S
HT4D

Loc.
(0eq)
-14.7%
=13.68
-12.83
-11.08
-10.93
-5.98
-9.04
-8.10
-4.34
-1.%6
-.62
4.4
8.10
16.69
26.54
35.67

loc.
(-1}
-14,7%
-13.68
-«12.8)
-11.90
-10.93
-9.98
-9.04
-$.10
-4.34

Leoc.
(aeqQ)
=14.7%
=13.68
-12.03
-11.08
-10.93
~5.98
-9.04
-0.10
-4, 34
-1.5%6
-.62
4.4
e.10
16.69
26.%4
3%.62

loc.
{deq)
-34.75
~13.60
-12.03
~11.60
-10.9)
-9.90
-9.04
-$.10
-4.34
-1.5%¢
-.62
4.3
8.10
16.69
24.%4
38,67

Value
{BTU/FL2-5eC)
.002¢ 1Y
240N
2,200 1)
1.951t 1)
1.704¢ 1)
1.5284 1}
1.7 D
1.643¢ 1)
1.398¢ 1}
1.415t 1)
Null
1.0 1)
s$.010( O
71.260¢ O
$.772¢ 0)
Null

Value
(BTU/FL 2-$aC)
1.017¢( 1)
9.308( O)
9.262{ O
1.158¢ 1)
8.637( O
$.403( O
6.2734 01
.02 0
7.327{ O)
7.615( 0
Null
0.1717{ O
7.9131 O
6.766( 0}
5.496( O)
Null

value
{BTU/FL2-Sec)

7.851¢ O}
7.5031 O
7.N20 0
7.865( O}
5.908( O)
.70 0
7.966( O)
9.2134 0}
91290 O)
e.823( O

Null
7.200( 0}
6.962( 0)
71.583( O
5.765¢ 01
€.9601( 0)

Value
(DTU/FL3-Sec)
1.062( 1)
1.008¢( 1)
1.1860 1)
1.130¢ 1}
9.012( 0)
s.700( Oy
8.6%7( O)
9.200( O}
$.336( O)
7.097¢ O}
Null
4.892( 0
2.00%¢ 0}
7.706 (=1}
2.007(-3)
1.670(-1)

T suz!
(Dagh}
$56.79
595,97
$56.09%
$55.77
$54.09
553,48
583.49
$53).63
$53.64
552.54
sull
$50.%9
$49.22
549,03
947,37
Null

T Surt
(DegR)
885,42
554,67
$54.97
596.2%
354,20
551,94
$51.03
$52.%¢8
$%2.07
$82.05
Null
$%1.90
$51.47
$51.22
549,30
Nall

T Surt
(DegR)
$53.46
$93.26
$%3.23
$53.46
$54.66
5%).68
$53.900
$42.92
535,10
$58.11
Null

58).69
$53.10
$53.45
$51.30
452,60

T surt
(Degh)
$47.26
946,97
847,96
847,30
844.41
944,36
843.87
542.97
$39.60
$39.4)
Null
$38.95
31.0
$36.59
$36.1%
936.1%



Gauge
labe!
NTs2
14
L2414
NT 44
HT43
KT42
NTal
WT40
W79
NThe
NT3?
Li2 1)
g}
HT)4
KT))
HT32
Nt
NT3O

Gavge
Laba)
NTS2
HTS)
NT4D
NT44
MTe)
NT42
NT4)
WT4D
HTI9
T8
NT3Y
HT1e
HTIS
KT
HTII
H1l12
W73
HT3C

Gauge
ladbel
HT52
HT$1
HTSD
HT4e
NT4)
NT42
HT4)
NT40
HTJ9
KT8
L2 X
Lie 1
HTIS
HT34
HTd)
N1)2
HT3)
NTI0

Gauge
Label
H182
NTS1
NTSO
HTae
NT¢)
HT42
L} L BY
NT40
NT)Y
NT3S
H1)?
HT)é
KT8
MTe
HT3)
K132
HT)1
HTIO

Loc.

(deg)
-49.00
~61.03
=348
-44,9%
=4).60
-42.60
~41.7
~40.08
-40,00
-3%.1)
-30.20
=37.43
«36.50
=35, 6?7
L2 LI b
-3n.Mm
-32.02
=31.09

loc.

(aeg)
~69.00
=$1.4)
=5¢.61
~44.5%
=4).860
«42.48
~41.79
~40.08
=-40.00
-30.13
=30.20
=37.42
~36.90
-35.6?
=7
-33.17
~32.92
-31.09

Loc.

{aeQ)
-$69,00
-61.8)
=5¢.61
44,55
~43.60
42,468
~41.79
-40.08
~40,00
-3%.1)
~10.20
-17.42
-36.%
-35.47
=34.73
-33.7M
-32.02
~31.0

Loc.

(deq)
-69.00
61,83
-834.62
44,38
~4).600
-42.00
-4,
-40.08
=40.00
=39.0)
~38.20
-37.42
-36.90
=33.47
-7
=33
=32.02
-.0

Value
{BTU/FL2-Ser)
2.802( 0y
38210
$.004¢( Oy
1.612¢ 1}
1.162(¢ 1)
2.286( 1)
1.4t 1y
1.6 )y
1.622( 1)
1.7134¢ 1y
2.118¢( 1)
2.113( 1y
J.824( 1)
2.7% )
T7.638¢ 1)
Null
*.736( 1)
1.065%¢( 2)

Run

Vaius
{OTU/FL2-Sac)
1.613( 0)
1.660¢( O
4.040( 0}
1.935¢( 1)
1.,
3.630( 1)
21820 1)
2.276( 1)
3.150¢ 1)
4.640( 1)
5.340¢ 1)
$.6%6¢ 1)
Y.
4.792( 0
6.940¢ 1)
Null
S.748¢ 1}
5.42%¢ 1)

Rur

Value
(8TU/FL2-Sec)
1.42%¢ 0y
1.97%¢ 0y
3.2%1¢0)
2.562( 1)
2.122(
4.97 (¢ 1y
2.650¢( 1)
.27 1)
4.839¢ )
7.238( 1y
T.895( 1)
7.763( 1)
0.619¢( )
$.724¢ 1)
S.040¢( 1
Null
4.65%¢¢ 1)
4.0180¢( 1)

Run

Value
{BTU/Ft2-8ec)
3.178¢ 0)
3.4 0}
$.606¢ 0)
1,203t 1)
1.210( 1}

2.000¢ 1)

Run

T surt
{DegR}
839,49
$40.29
3214
$%2.09
$50.3¢
562.7%
$53.04
$55.79
$87.7%
$69.95%
369,62
269. 40
$79.01
$62.92
$9¢.06
Null

59%.4)
$9¢. 63

Gauge
Labe!
N129
RT29
KT2?
HT26
RT2%
HT24
NT2)
HT22
KT
NT2C
HT1$
NT1®
HT1?
HT16
K718
HT14
HT1}
HI12

Loc,

{ge;}
30,99
-30.08
=29.18
~20.28
=27.4)
~26.54
=2%.6¢
~24.80
-23.9¢
-23.08
~22.2%
-2} .40
~20.5%6
~18.62
-10.64
=17.66
-16.6%
=13, N

28 Reduced Data Tabulation

T Surt
(DegR)
339,58
$40.31
s42.0
563,40
$60.00
579,06
564.%)
$69.7%
$73.61
500.3%
Sse.5¢
$8¢6.3¢
$92.33
$76.3¢
$87.2¢
Null

502.73
570,18

Cauge
Labe)
HT29
HT20
HT2?
HT2§
HT25
HT24
HT23
WT22
HT21
NT20
K119
HT1®
HT1?
HTle
HT1S
H1l4
HT.3]
HTLl2

Loc.

(deq)
~30.9%
=30.08
-25.18
«20.28
~27.41
26,54
-25.46
«24.00
-21.%4
-23,00
-22.2%
-21.40
~2C.5%¢
~19.42
~18.64
«17.6¢
~16.69
-15.71

2% Reguceo Data Tabulation

T surt
{DagR)
919.6%
540,47
541 M
3%6.39
$53.32
568.90
$%6.62
$60.32
565,06
578.05
503.02
S80.66
s08. 7
575.50
$84.6)
Null
975,24
574.3%

Gauge
label
HT29
HT20
HT2?
HT26
HT2Y
HT24
KT2)
HKT22
HT21
HT20
HT1%
KT8
HT1?
HTl ¢
HT1%
Tl 4
HT1)
HT12

Lloc.

(aeg)
=-30.9%
=)o, 08
-28.18
~28,28
-27.4
-26.%4
-25.6¢
24,90
-23.94
-21.08
-22.2%
-21.40
-20.%6
-19.62
=18.64
-17,6¢
~16.69
-15.n

30 Recuces Data Tabulation

T Surt
{DegRr)
$39.2¢
539. 20
541,30
$47.9
847.0)
385,24
$44.%9
1.7
347,93
L1200 }Y
$93.3%¢
$33.5%¢
$537.4%
$49.0?
856.69
Null

$57.08
559.15%

Gauge
Labe!
NT29
HT28
NT2?7
KT26
HT2$
HT24
NT2)
NT22
KT21
HT20
HT19
nT1e
K117
HT16
HT1S
HT14
HT1)
KT12

loc.

{geg)
-30.9%
~30.00
-29.10
~28.28
-27.4)
~36.%¢
«2%.66
-24.00
«3).94
~3).00
-22.2%
~21.40
~20.%%
-19.62
~10.64
-17.66
«16.69
~15.7}

31 Reducea Dsta Tabulation

Value
{8TU/Ft2-Sec)
.212¢ 1y
§.40¢( )}
6.541¢ 1)
.06 1)
3001
3.y
Null
1.72261 1)
.924¢ 0y
9.01%¢ 0}
1.246( 1)
9.7341 0)
5.83¢( 0)
5.040¢( 0)
310
.03 o
5.180¢( &)
S.6%2¢ O

Value
(8TU/FL2=8ac)
4.780( 1)
a8
$.207¢ 1)
2.063( 13
3.e08( 1)
et
2.2%74¢ 1)
1.894( 1)
1.206¢( 1)
1.0061 1)
1.678¢ 1)
7.%60¢( O
4.609( 0;
4.636( 0
$.02€(-1)
1.613¢ 0)
1.166( 0}
l.2140 0y

Value
(BTU/FL2-Sec)
3.025¢ 1y
2.002t 1)
2.598 1 1
1.906¢ 1)
1.487( 1)
1.7001 1)
1.992( 0
7.209¢ 0)
3.292¢( 0}
2.041( 0y
5.379¢ 0)
2.368¢( 0)
2.3%2¢ 0)
2.061(0)
2.3145(-))
1.072¢ 0)
9.011¢-1)
7.249 -1

Value
(BTU/Ft2-8ec)
1.933¢( 1)
2.1%4¢( )1}
2.198¢( 1)
2.15%( 3
2.29%¢ 1)
2.5461 1)
Null
L1
1.%0¢ 1)
2.049% )
3.892¢ 1
3N
3.5171 1
S. 4Nt 1)
1.045¢( 2)
1.148¢
$.063( 1)
2.42%( 1

B-113

T Surf
(Degh)
$90.0¢
$90.02
§86.38
$80.3)
$73.0?
$71.63
Null
$56.97
551 .48
$40.6%
851,78
S4e.62
345.61
545,24
542.1%
$41.3)
542.92
343,121

T Surt
{Degh)
872,60
$49.0¢6
370,24
$67.03
566,14
58¢.9)
$58.67
855,70
550.23
548.46
549,40
546,46
$4¢.22
8$43.06
540.M3
541.62
$41.39
541.27

T Surt
{DegR)
5460.56
3%8.67
589,06
584,49
5%2.1)
$34.20
248,71
$40.4¢2
846,17
$46.12

346,40
4460
544,64
542,58
$43. 7
$43.12
543.27

T Surt
{DegR)
350,460
530,48
960.40
458,59
361.%)
342,58
Null

866.09
571,44
$5¢.11
LN
$82.30
58).17
384,64
614,401
09,41
L1 F PO Y
359.99

Gauge
Label
KT1)
HT10
HTS
nTa
NT?
T
HTS
T4
KT)
K12
KT
WT4S
¥Ta6
HT4?
HTan
HT49

Gauge
Lavel
NT11
NT10
L4 ]
NTO
HT?
HTe
L1¢]
NT4
KT)
T2
L3 8]
HTeS
LRLT]
HT4?
HT4e
NT49

Gauge
Labe]
HT11
NT10
L2g]
N1
HT?
K16
NTS
N4
KT
NT2
NT1
HT4S
HT4e
L 2L b}
HT40
NT49

Gauge
Labsel
NT11
NT10

nTe
N
HT6
NTS
NTY
28]
uT2
M1
NT¢S
uTes
KT
KT48
NT¢Y

Loc.
(deg)
=14.7%
~13.60
-12.m)
=11.08
=10.9)
-5.9
-9.04
~8.10
~4.3¢
~1.56
-.82
4.34
0.10
16.69
2¢.54
35.67

loc.
{deq)
14,75
=13.60
=-12.03
=11.00
-10.93
-9.98
-$.04
-9.10
-4.34
~1.56
~-.82
4.34
8.10
16.6¢9
26.%4
3%. 67

Loc,
{oeg)
~14.7%
«13.60
~12.03
=11.88
~10.93
-9.9
-9.04
~4.10
-4.34
~1.%6
-.62
4.
8.10
16.69
26.54
3%.67

Lloc.
{aeg)
-14.78
=13.68
=12.0)
=11.08
~10.93
-9.98
=-9.04
~8.310
-4.34
«1.%¢
.62
4.4
1.10
16.69
26.%4
3s.4?

Value
{BTU/FL2-5uc)
5.983¢ 0y
€.010( 0}
5.9200 0)
$.300( 0)
2.7157( 0y
4.41( D)
3.8 Oy
2.902( 0y
1.293(¢ 0)
6.423¢(-1)
Null
2.707(-2)
1.351¢( ©}
Noll
2.078(-2)
2.587(-1)

Value
(BTU/FL2-Sec)
1.93%¢ 0}
1.29¢( 0)
1.307¢ 0)
6.723 (-1
Null
7.214¢(-1)
2.042¢(-1}
$.410(-2)
1.096¢-1)
2,037~
Null
~1.103¢-1
$.599 (-1
3.002¢(-2)
~3.95%4 (-1
~1.627 (=1

Value
{BTU/Fr2-5¢c)
1.429¢ 0)
8.129(-1)
4L.272¢(-1)
1.%2¢-1)
9.396(-2)
5.037¢(-1)
=1.172(-2}
4. 620(-2)
=1.033(-1)
=1.625(-1)
Null
~4.820¢(-1)
~2.335(-1)
=2.904(-1)
«6.030(-1)
~2.040(-1)

Value
(BTU/FL2~Sac)
1.353¢( 1)
6.506( 0)
4.04¢ 0y
6.932¢( 0}
1.084¢ )
1.2 1y
1.0249¢ 1y
1.403¢ 1)
1.483¢ 1))
1.206( 1)
Nul)
10000 1y
8.391( 0y
8.625¢( 0)
$.400¢( 0}
4801 Oy

T surt
(DegR}
54).47
$42.70
$42.17
$42.%0
s40.M
341.21
540,80
540.10
$30.39
$38.33
Null
$37.13
$37.49
Null
$36.66
$37.0¢

T Surt
{DegR)
L3N )
341,18
541.13
841.12
Null
$40. M
338.%
$39. 07
837,98
$38.1%
Nall
$37.10
537.5¢
537.13
$36.93
$36.00

T surt
{DagR}
$43.63
541,32
343.42
$42.9%¢
$42.9%
543.29
542.7¢
$41.80
542.10
543,0%
Null

$40.93
540,09
530.4¢
$38.130
$37.%¢

T Surf
{DegR)
550,04
430
$43.01
344.03
e
547,99
$48.32
$30.06
$50.01
847,29
Null

346.08
$44.17
Q.
$40.35
340.60



Gauge
lLabel
HT52
NTH)
TS0
HT4d
HT4)
nTe2
HT4)
WT40
W19
NT3S
aT3?
HT¥é
HTIS
KT
HTII
HTI2
HT1
HT30

Gauge
Label
nTH2
NTS1
HT3O
HT44
HTAd
NT42
T4l
HTa0
NTI®
HTI®
NTY?
HT36
RTIS
NTI4
ke
WT32
HT))
Ly 1]

Cauge
Label
HTS2
NTS)
NTS0
HT44
HT4)
NTA2
NT4)
HT40
(231 ]
NTI
HTI?
HTIé
HTIS
NTI
HT))
H132
NTIL
HT30

Gauge
Label
53
sl
W70
NT44
HTL
RTe2
2L}
NTCO
HT3P
[3¢]]
Ntl?
NTI6
HT3S
NI
[IE}]
Hri2
[} 8}
H130

Loc.
(deg!

~69.00
«41.0)
=94.61

-44.9%%
-43.60
-42.00
-41.7¢
-40.00
-40.00
-3%.1)
-30.20
«)7.42
=36.98
«3%.87
-34.71
-7
-32.92
~31.89

1ec.

{aeq}
-69.00
-61.0)
~54.61
-44.9%%
-43.40
~42.60
-41.79
-40.88
~40.00
-39.1)
-38.28
-37.42
-36.50
-35.47
=341
-33.7M
-32.82
-31.89

Loc.

(asg)
-69.00
-61.83
54,81
-44,9%
~4).60
-42.60
-41.78
«40.080
-40.00
-3%.12
-30.29
-17.42
-38.50
-3%.47
3.7
-3.7M
-32.02
-31.89

leoc.

{deg)
-$9,00
-61.9)
-34.61
44,5
-4).60
«42.68
-41.79
-40.98
-40.00
«35.1)
-38.20
«37.42
«16.%0
«33.67
-3 7N
-33.717
-32.02
=31.9¢

Value
{BTU/FL2-8acC)
1.8000 O)
2.191¢ O}
4,051 O
11760 )
8.861( 0)
1.488( 1)
0.954( 0)
1.044¢( 1)
1,29 1)
1.4100 1
1.492( 1)
1.2100 1
1.626¢( 1)
1,364 1}
2.290¢ 1)
Null
2,308( 1)
7.604( 1)

Run

value
(BTU/Fr 2-5ecC)
1.9231 O}
2.%10¢ 0)
4.102¢ O)
2.006( )
2.300¢( 1)
44980 )
2.805¢ 1)
3,347 0 1)
3.9651 1)
3.,385( 1)
.75 1
5.60%¢ 1t
7.6781 1)
a8 (D)
$.507¢ 1}
Nell
$.404¢ 1)
4.054¢ 1))

Run

vaiue
(BTU/FR2-5eC)
1,157 &
1.0010 0
2.9%3( O)
1.425( 1)
1.008¢{ 1)
2.2%00 1)
1.313¢ 1
1.7 1
2.000( 1)
2.3%%( 1)
3,265¢ 1)
2.5 1)
.80 1)
3.404¢( )
8.9600( 1)
null
1.026( 2}
s. 846 1)

Run

Value
(BTU/TL 2-8ec)
3.106{ O)
3.508¢( 0)
$.703( 0)
1.034( 1}
9.419( 0)
1.648¢ 1)
6.498( O)
1.140( V)
7.71%0( O)
19100 )
1.2320 )
1.3240 1)
1.644¢( 1)
9.608( O)
1.467¢ 21
sull
1.176¢ 1)
1.3900 1)

fun

T Sur!?
{Degh}
539.99
340.9)
$41,9%
$46.9%
546.01
$%2.3)
$46.3%
540,23
49,96
$50.48
5%1.67
348.7)
353,45
$49.32
$58.30
Null
$60.77
$61.03

Gasuge
Label
NnT2¢
HT28
127
H126
HT2%
HT2¢
HT23
WT22
HT21
HT20
HT1Y
HT18
HT1?
HT16
HT1%
HT14
HT1d
Hil2

Loc.

{aegl
-30.99
-30.00
-29.10
-20. 20
-27.41
-26.5%4
+25,.66
-24.00
-2).94
-2).08
-22.2%
-21.40
-20.3%¢6
-19.62
-10.64
«17.66
-16.69
«15.11

33 Reduced Data Tabulation

T Surt
(DagR)
541.49
842.4)
544,19
560.16
837,61
$70.67
$%9.50
$64.00
566.02
77,98
$77.94
974,40
503,37
871,24
$80.09
Null

$77.93
574.17

Gaupe
Label
HT29
HT28
HT2?
KT26
WT23
HT24
HT2)
W122
HT21
nrao
HT19
WT10
HT1Y
w116
HT1%
HT14
HT13
KT12

Loc.
(asq)
-30.99
-30.00
-29.10
-20.20
-21.4
-26.54
-25.66
-24.00
-23.94
-23.00
-22.2%
-21.40
-20.5¢
-19.62
-18.64
-17.46
-16.69
-18.7M

34 Recsuced Datd Tabulstion

T scrt
(DegR)
542,74
$43.4)
s44.04
559.01
955.76
569.26
3%68.68
$61.47
966,19
379.76
584.20
$79.12
996.12
583.0)
611.63
Null

$04.32
602,08

Gauge
Lapel
HT29
K120
Hr2?
HT26
HT2Y
HT24
HT23
T2
Wt}
HT20
HT1®
NT18
HT1?
HT16
HT1S
NT1d
NT1)
W12

Loc.

(aeQ)
-30.99
-30.00
«29.18
-20.20
~27.41
26,54
=25.46
-24.00
-23.94
-2).08
-22.2%
~21.40
-20.5%¢
«19.62
-18.64
-17.46
-16.6%
-15.M

35 Reduced Data Tabulation

T Surf
{Dagh}
]

Gauge

Label
Nt
n128
w127
126
NT2S
HT24
w3l
WNT22
RT21
NT20
HT1®
HT1S
717
HTLIE
NT1S
HT14
WT1)
NT12

loc.

{geq)
=30.99
-30.08
-19.18
-20.20
-27.8)
«26.54
=2%.6¢8
=24.00
-23.%4
=3).00
=-22.29
-21.40
=30.%¢
=39.62
~10.64
«17.66
=16.49
=13.7M

36 Reduced Data Tabulation

Value
(TU/FL2-Sec)
2.2320 1)
2.614( 1)
2.422¢ 1)
2.0%0¢( 1)
2.213( 1)
.49 1)
Null
s.e89¢ 1)
1.072¢ &)
1.108¢ D
1.326( 2)
.04 1)
$.00)( 1)
3.4321 1)
1.9%7( 1}
1.33¢ 1
1.1461¢ 1)
1.100¢ 1)

Value
(8TU/FL 2-58C)
4.4320 1)
3.%29( 1)
3.870( 1}
2.1 1)
2.382¢ 1)
2.400( 12}
Null
1.307¢ 1)
1.1 )
1.334( 0)
73841 0)
6.077¢ 0
e.9611 0}
4.065{ 0}
0.401 (-1
1.7401 0)
1.104¢( O}
1.1%( O}

Va.iue
(ITU/FL2-80C)
8.220¢ 1)
€.750¢( 1)
$.381( 1)
3.040( 1)
2.893( 1)
3.041( 1)
Null
2.065¢ 1)
1.240( )}
1.292( 0)
1.270¢ 1
1.045%( 1}
s.001L O)
7.035( O
2.308( O}
4,260 0)
33000 O
3.2900 0)

Valus
(STU/Ft2-8ac)
1.2%( 1)
1.3320 1))
1.4400( 1)
1,380 1}
1.436¢ 1)
1,401 1)
Null
1.540¢ 1)
1.0844 1)
1.008¢ 1)
1.927¢ 1)
1.966( 1)
2.099( 1)
2.049( 1)
.20 1)
2.942( )
.naen
2.987( 1)

B-114

T Surf
(DagR}
941.59
%67.2¢
$69.2¢
971,45
$71.70
584.29
Wull
$09.52
607.87
996,66
621.7)
610.13
997,66
519,99
$66.9%
359.00
5$%3.91
£50.97

T surt
(DegR)
$73.%1
871,76
$12.90
560.0)
464,99
566,94
Null

550.94
5%7.95
842.67
550.49
$%7.1%
856.31
$35.07
$51.33
481,62
548,97
$49.24

T surt
(Degh)
$94.78
38401
$77.66
869.27
$6).30
$45.97
Null

$58.7%
554.59
844.29
$56.43
5%4.61
94%.28
$50.38
549.95
$47.5¢
546.72
$44.70

T surt
(Degh)
954.47
$54.65
$35.41
854,14
§56.51
$87.77
Null

959,65
$61.%57
$46. 64
$42.02
$62.70
$62.79
$43.17
$44.97
$70.2¢
$73.84
3$74.0)

Gauge
lape!l
L1281
HT10
HTY
1o
HT?
WT$
HTS
HT4
HT)
WT2
NT1
HT4S
HTeE
HT4?
HT48
HT49

Gaugqe
Lapel
HTI1
NT1O0
HTS
W78
HT?
HTé
NTS
HT4
T3
HT2
T
WTAS
HT46
nTe?
NT4R
HT4S

Gauge
Label
WT11
HT10
HTS
HTS
NT?
HT6
TS
NT4
K13
NT2
HT1
HT4S
NT46
HT4?
HT4
HT4Y

Gauge
Label
HT1L
HT10
NTS
NTS
NT?
nTe
HTY
HT4
[ 2¢]
NT2
MY
RTAS
L]}
HT4?
NI
NT4S

Lec.
(deg)
14,7
-13.e0
-12.03
=-11.80
-10.93
-9.98
-9.04
-3.10
4.4
-1.%6
-.62
I
e.10
16.69
26.5%%
35.67

Loc.
{deg)
=14.7%
-1).68
-12.63
-11.80
10,93
-9.9¢
~9.04
-8.10
-4.34
~1.9¢6
-.62
4.34
8.10
16.69
26.%4
15,67

Loc.
{seg)
-14.7%
-11.68
-12.03
-11.08
«10.93
-9.98
-9.04
-8.10
-4.3
«1.%6
-.62
4.3
.10
16.69
26.%4
38,67

Loc.
(deg)
-14.7%
«13.69
«12.8)
«11.80
-10.93
-9.90
-$.04
-8.10
-4.34
-1.%¢
-.42
[P 1]
.10
16.69
26.%4
35.67

Value
{BTU/FL2-5ec]
9. 7041 O)
7.300¢ O}
8.795( &)
§.012¢( O)
5.806¢( 0}
s.1100 0)
6.027¢ O)
4.02%1 0)
.14 00
2.2 0
Wull
4.6221-1)
7.267¢-1)
-1.402¢-2)
1.913(-1}
-1.507¢-2)

Value
(BTU/FL2-5eC)
1.802( 0)
9.171¢-1)
$.092 (-1}
3.627(-1)
2.56%(-1)
7.209(-1)
1.960(-1)
7.0%%¢(-1)
1.091 (=11
4.603(-1)
Kull
-3.340 (-1
4.734 -2
=1.502(-1
~6.2021{-1})
1.303-2)

Valie
(8TU/Fr2-Sec)
4.661(0)
32690 O
3.41000)
2.4%9( O}
2.260( O
3,496( O)
1.872¢ 0}
3.625(-1)
-2.808(-1)
-2.9%1 (-2
Null
-y. 120(-1)
«2.980 (-1}
1.543(~2)
-4,146(-1}
-9.707(-3)

Value
{BTU/FL2=8ec)
3.2t M
$.%30(¢ 1)
0.361( 1y
7.992( 1)
5,69 1
2,187 1)
1.910¢ 1)
1.0%( 1)
1.266¢ 1}
1.976( 1)
Wull
1.436¢ 1)
1197t
9.300( O}
6.4041 O)
5.458(~1)

T Surt
(DeqRh)
945.99
240.34
$49.%)
949.16
540.17
$549.09
$49.00
547,44
541.29
$40.62
Null
$34.90
$38.79
538.39
537.99
$37.93

T Surl
{DegR)
540.78
546.08
S$46.44
545,20
$43.76
544.03
$43.19%
942.94¢
540.79
$41.00
Kull

540.14
540,34
$40.33
$40.36
539,908

T Surf
{DegR}
547.%1
$46.23
54%.51
$45.60
$46.51
947,78
845.84
545,17
543.0)
543.45
Null

942.01
541.86/
$41.70
540.69
$39.91

T surt
{Dagh)
$78.76
590,19
611.63
01.02
504.7)
$62.73
$53.01
$50.12
$52.7¢
956.01
Null
$52.73
4.9
$48.0)
44,61
$30.83



Cavge
labe]
KT52
HT5]
HTSD
HT44e
HT4d
HT42
HT4)
HT40
NT)%
Lbe] |
K137
HTl6
HT3s
HTd4
H11)
NT32
KT
HT30

Cauge
Labe}
HYS2
HTS1
HTS0
NT44e
NT4)
NT42
HT41
HT4O
WTI®
HTle
NT)?
HT3e
HT3S
HT34
HT3)
HTIZ2
HTI)
HTIC

Cauge
Label
NT52
HT3)
NT30
Leg L]
NT4)
HT42
HT41
MT40
N1
HT3e
Le b
HT36
HT3S
HT34
HT33
NT32
KT
HT30

GCauge
Labe}
U152
HTS
NTSO
HT44
NT4)
NT42
HT4Q)
MT4O
HTI9
NTR
HTI?
NT36
N1
KT
NT1)
K132
HT))
HTIO

Loc,
{gsg)

-69.00

-61.0)

=54.61

~44.5%
~4).60
-42.68
~41.79
=40.20
~4C.02
=39.1)
-30.23
=37.42
-36.5¢
=35.67
=a.mn
~33.1m
=32.92
~31,09

loc.

ldeg)
-69.00
-61.8)
=-54.62
-44,5%
~41.60C
~42.68
~41.79
~40.80
~40.00
=39.1)
=38.2¢
~37,
-3t.5%e
~35.67
=3
-33.M
-32.82
=3l.09

Lloc.

(deq)
-69.00
-~61.0
-3¢.61
-44.5%
=43.60
~42,60
-41.79
~40.80
-40,00
=3s.13
-)s.28
-37.42
=36.%0
~38,67
.M
“.Nn
-32.92
=31.09

~3l.08%

Value

{8TU/FL2-5ec)

3.300¢
4.126]
6.2%6 ¢
1.3%6¢
1,304
2.312¢
1.046¢
1.734¢
1,387
2,855 ¢
2.013¢
2.02¢ ¢
2.619¢
1.475¢
2,272«

Nol)
2.205¢
2,684

o)
0)
0}
1}
1)
13
1)
1
1)
1
1)
1
1)
h
H

b
1

Rur

va.le

{BTU/FL2-50c)

$.%01¢(
7.446¢
1.390¢
$.056¢
4.374
$.€27¢
3.8081¢
4.106¢
J.429
2.781¢
2.07%4
1.472¢
1.2%6¢
0.435¢
7.699
L TP
L33
L2224

L

Value

{BTU/FL2-5ec;

2.8:0
3.938¢
S.2474
9.071
9.753¢
1.390¢
5.730¢
1.0734
7.934¢
1.372¢
1.230¢
1.212¢
l1.468¢(
1.030¢
1.197¢

Nuil
1,268
1.305

Value

(BTU/FL2-3¢c)

2.632¢
3.1
$.000¢
9.748
8.093¢
1.364¢
8.971¢
1.070¢
7.419¢
1.285¢
1.202¢
1.226¢
1.%07¢
8.650¢
1.163¢

Rull
1.164¢
1.302¢

]

0

i

1
1)
n
1y
1
1
1
1t
1)
1)
]
0)

[4
4

ks

[ H)
c)
[-}]
0
0)
R}
Q)
1
o
1}
h
Y}
1)
1)
3]

1
1)

Run

0)
0)
0)
o)
0)
1
0)
1)
0}
b
Y]
N
1
0)
1

1
1}

Aun

T Surt
(Degh;
544.2¢
345.62
S40.07
$56.39
$%6.27
366.12
352,47
$60.69
$%6.1?
$65.22
b64.)e
$64.47
570.2¢
559,43
$69.73
Nuil

$69.6)
570.69

Gauge
Labe)

HT29
HT28
HT2?
HT2¢
HT2%
NT24
K123
HT22
HT2)
NT2C
HT1®
HTle
HT1?
HT16
HT1S
HT14
RT1)

KT

Lec,
(deg)
-30.99
-30.08
~29.18
-28,20
~27.41
=26.54
-25.66
-24.80
=2).9
~23.08
~22,2%
~21.40
~20.5¢
-1%.62
~18.84
-17.6¢
~16.69
~1%.71

17 Reduced Data Tabulatior

T Surt
(Deghr)
347,99
$30.91
$60.30
$94.32
S8e. 7%
$93.87
5719.17
$1.m2
571.%¢
562. 74
360,58
5%%.3)
853, %4
551,62
$50.43
Null

85C. 11
549,53

Ga ge
Labe}

HI29
HT2a
HT2?
HT26
NT2%
HT24
K123
HT22
HT2)
HT20
HIle
HT1e
HT1?
HIie
KT)1S
HTl4q
RT13
HT12

Lor,

(geg)
-30.99
-30.00

16 Recucec Data Tabulatior

T Surt
{DegR )
5¢4.47
$45.%3
547,39
$%2.97
3%2.%
$57.32
S$48.70
554,60
9%1.1¢

MR- 1RO §)

3%6.11
$%6. 46
$59.04
55).67
356.51
Null

556.9;
$%7.7¢

Gauge
Labe)

HT29
NT28
HT2?
HT26
NT25
HT24
HT23
HT22
HT2)
HT20
HT19
HTle
HT1?
HT1é
HT18
HT14
HT13
MT12

Lec,

{deg)
=30.99
~30.09
-2%9.18
-28.28
27,41
~26.54
~25.6¢8
~24.80
-23.%
=2).08
-22.2%
-21.40
~20.5%¢6
~19.62
=10, 64
-17.66
~16.69
-15.7

39 Reduced Data Tebulation

T surf
{DagR}
546.02
548,00
349,64
$%4.00
$%3.02
558.12
5%0.0;
55,99
852,08
$37.94
$57.%0
857,98
540.47
$%4.72
437,70
Nul)

$57.79
55e.03

Cauge
Label

HT2Y
HT28
HT2?
MT26
K125
HT24
NT23
HT22
K121
HT20
HTle
NTle
HT1?
HT1l¢
HT)S
HTl4
HT1)
HT12

loc.

(deg)
«30.9%
-30.08
-29.18
-20.28
-27.42
=26.54
~25.4¢
~24.%0
=-23.%4
=23.08
=22,2%
~2]1.40
20,56
-19.82
~18. 64
~17.86
=14.69
=18.7

40 Reduced Data Tabulatison

Value
{(BTU/FL2-8ec)
2.552 1)
2.464¢ )
J.008¢( 1)
2.695¢ 1)
3.6 1)
3.35%6¢( 1)
3.602¢( 1)
1.8 1
4.553¢ 1y
2.1 1
44401
1.709¢( 1)
1.2%811 2y
1.267¢ 23
2.005¢1 1
2.900¢ 1)
1.462( 1
1.876¢ ¢

Value
(ITU/TL?-SIC)
5.43%5¢ o)
6.590( 0)
6.900¢( 0)
0.203¢ 0)
4.977¢ o)
5.199( Oy
6.530( 0y
0.545¢ 0)
$.598¢ 0
0.340¢ 0y
2.203( 0y
0.245¢ 0)
8.405( 0y
71.003¢ 0)
2.032¢ 0y
1.81%¢ 0y
1.36C¢ 03
6.6%4( 0)

Valce
{BTU/FrL2-Sec)
.2 1y
1.139¢ 1)
1.187¢ 1y
L.10¢ 1y
1.072¢ 1)
1.100¢ 1)
1.408¢ 1)
1.459¢ 1
l.e93¢( 1)
1.3471 1)
1.663( 1)
1.583¢ 1)
1.840¢ 1)
1.830¢ 1y
1.664¢ 1)
1.612¢ 1)
1.,209¢( 1)
1.525¢ 1)

Valuse
{8TU/fe2-8a¢)
1.2%5( 1y
.10 n
1.1 )
1.09%¢ 1)
1.008¢ 1)
1.219¢ 1y
1.2%1( 1y
1.395¢ 1)
1.842¢ 1y
1360 1)
1.616¢ 1)
1.654¢ 1)
1.37¢ )
1.490¢( 1y
lL.aait
1.985¢( 1)
1.6240 1)
l.406( 1y

B-115

T Burt
(Degh;
$70.5¢0
$70.17
572.17
570.62
573.%0
577.1)
581,61
S04.9¢6
09.1)
$71.32
$98.3)
$10.9
620,66
626.0)
[ 25 Y 31
585.2)
565,13
854,52

T surt
(Degh)
8%, 0)
48,54
S49.83
549,07
5¢0.0%
548,99
349,62
550,78
$50.72
350.92
552.09
851,41
5%1.30
$51.14
881.32
3%).27
$51.0
550.4¢9

T Surf
(DegR)
556.71
853,79
856,65
955,65
$55.1
857,23
5$50.40
Sse. 7
559,09
sse. 1M
560,36
L1108 ]
839,62
$60.1¢
560.7%
86).%9
962,40
560,54

T surt
{DagAh)
$50.00
$37.01
55%7.03
837,31
$56.72
$50.22
830,04
359.7
861,16
$61.34
861,97
$¢1.86
$60.2%
562,42
862.47
562,46
563,51
861,85

Cauge
labe]
HT1)
¥T10
HT9
NTS
NI?
KTE
MTS
HT4
NT)
NT2
KT
HTaS
HT46
KT
KT48
HT4S

Gauge
Label
HT11
NT10
MTS
NTO
NT?
HTe
HTS
MT4
HT)
NT2
NT1
NTaS
HT46
NT4?
HT4s
HTe9

Cauge
labe)
RT12
HT1O
NTS
HTe
HT?
TS
KTS
NT4
HT)
HT2
HT1
HT¢S
HT&6
HT47
HT4s
NT4s

Gauge
label
Nt
HT10
NTS
nre
NT?
NS
TS
HT4
H1)
NT2
Tl
HTeS
KTee
Nt
N
HT4y

Loc.
(deq)
~14.78
~13.68
=12.0)
=11,
=10.
-5.98
-9.04
-1.10
-4.2¢
=1.%6
.62
4.0
8.10
16.69
26.54
35,67

Lloc.

(deg)
~14.7%
~13.60

~11.00
~10.9)
-9.98
~9.04
-8.10
4.
-1.%6
-.62
.
8,10
16.68
26,54
35,67

loc.
(deg)
14,78
~1).68
-12.0)
~11.00
~10.93
-5. 0
~9.0¢
~8.10
-4.)4
=1.5%¢
-.62
4.4
8.10
16.49
26.%¢
3%.67

Value T Surt
(BTU/Fr2-3ec) (DegR}
$.090( 0) $51.%4
$.86( 0) $50.1¢
1.290¢1 1) $51.72
1.649¢ ) S84.08
1L.7%( 1) $57.23
sl $5%.59
1.313¢ 1) $54.00
1.299¢ 1y $56.00
1.3300)) 355,43
1.169¢ )) 854,00
Null Null
9.825( 0y 2.0
9.240¢ 0) 550.%7
0.740( 0) $49.82
5.%40( 0 346.70
5.600(-1 840.70
Value T surt
(BTU/FL2-3ec) {DegR}
1.01C¢ 0) 350,80
7.064¢ 0) 850,62
6.085( 0 950,26
$.707( o) 549,94
1.004¢ 0) $50.7¢
6.294( 0) $50.19
6.410( 0) $50.13
$.034¢ 0) 540,55
8.52)3( 0y $51.7¢9
0.183( 0) 553,08
Null Null
$.5722(0) $51.87
$.965¢ 0) 549,06
€.300¢( 0y 345.400
Null Null
2.924 (-1 840,92
Value T sur!
(BTU/FL2-Sec) {DegR}
l1.651¢ 1) 560.76
1.077¢ 3y 561.32
l.681( 1) $61.02
1.7%1¢ 1 561,31
1.807 1) 561,78
1.469¢( 1) 180,51
1.8000 1) $60.32
1.%%11 1y 562. M
2.€27¢ 1y 572.1s
3.17%¢ 1y 572,17
Null Nul)
6.706¢ 01 549,90
0.216¢ 0) 8%2.29
Null Nul)
Null Null
3.003(-1) $43.0)
Value T Surt
(BTU/Fr2-3ec) {DegR)
1211 862. %
1.420¢ 1) 362.1
1.370¢ 3y 560.8¢
1.5e9( 1 $61.0
1.729¢ 1) $62.2%
.m0 $60.7)
1.613¢ 1) 961.02
1.9%¢¢ ) 56). 9
Jasy $72.6)
2.1 569.30
Null Null)
9.054¢ 0) $%2.92
.59 0) $5).e9
8.683( 0 853.39
6.068¢ 0y $30.34
Null Null
CRIGINAL
OF POOR

FAGE s

QUALITY



Gauge
lLabel
HT52
NTH1
NTH0
WT44
HT4)
HT42
NT41
HT4O
NT39
K136
NT3?
L3211
WT33
NTI
KT
KT32
HTI1
HT30

Sauge
Lavel
WTS2
4151
NTSO
HT44
HT4D
AT62
KT4)
KT40
NT3®
HT38
HT3?
HTI6
W15
(321
HT))
HTI2
W11
NT30

Gauge
Latal
MTS52
NTS1
NTS0
NT44
HTed
HT&2
nTal
NT&
u1ls
N8
nty?
NTI6
NTIS
[ s 21]
N7}
nTI2
(3 2}
uT30

Gauge
Label
NT92
nesl
NT30
MNTed
HT4)
0L,
NTAl
WT4O
[321]
NT30
[ 222
NT)6
HT3S
NT34
N13)
HT32
(22}
ntio

Lec.
{oag)}
-69.00
-61.03
~54,61
-44.5%
~43.6C
-42.68
-41.79
-40.00
~40.00
-39.13
-30.20
-37,42
-36.58
-35.47
-3.n
-13.MN
-32.82
-31.0%

Loc.

{ce3}
=-69.00
-61.8)
-54.681
-46.%%
-43.60
-42.48
-41.79
-40.88
-40.00
-39.1)
-30.28%
-37.42
-36.90
-38.67
-34.7)
=33.717
-32.02
-31.89

Vaiue
{BTU/FL2-5eC)
6.412¢-1)
1.627¢ 0}
1.400( O
4.172¢ O
4.647( 0)
4.274( 0)
2.3014( 0)
2.920t ©)
3.652( 0)
4.302( 0)
4.7719( )
2.148( 0)
4.523( O
2.983( O)
5.200( Oy
Null
0.800( 0)
7.6961 O3

Run

Value
(BTU/FL2-508C)
6.090(-1)
$.230(-1)
1.204( Oy
q4.1460 0)
2.7150( 01
8.726¢ 0)
3.414¢ 0)
4.112¢ O}
3.100( O)
5.714( O
6.610( O)
3.9%3( Oy
7.267( O}
$.410( Oy
9.979( O
Null
1.143¢ 1)
1.1391 1}

Run

Value
(BTU/Fr2-58¢<)
8.02%(-1)
€.234(-1)
1.085( 0)
4.745( O)
2.936( O)
7.53601 O)
4.695¢( O}
$.212¢( 0)
7.7310( ©)
7.206( 0)
1.060( 1)
6.683( O)
1.832¢ 1)
8.578( O)
2.038¢( 1)
Bull
3.006( 1)
3.850( 1)

Run

Value
(OTV/Fe 2=-8ec)
2.068( 0)
3.0%0({ O
5.020( 0
9.526( Oy
0.4%0( 0)
1.23( 1)
$.622( 0}
9.5%0( Oy
6.924( O)
1.200¢ 1y
1.132¢ )}
1.164¢( )
1.3718¢ 1)
9.200¢ 0)
1.001( 1)
null
1.201¢ 1)
1.298( 1)

Run

T Surt
(DsQR}
$48.2)
549,02
549.7)
$53.60
$51.686
$9%.13
$51.60
5%2.%7
$52.60
5$%3.42
854.39
551.64
954,66
553.461
$57.13
Null
$59.36
$59.3%

Cauge
lLabe)
NT29
HT28
K127
WT26
HT23
HT24
123
WT22
HT21
HT20
HT19
KT O
WT1?
HT16
HT1Y
HT1d
HT13
K112

Loc.

{deg)
-30.99
-30.00
-29.18
-20.28
-27.40)
-26.54
-25.66
-24.00
-2).%
-23.08
-22.2%
-21.40
-20.5%¢
-19.42
-18.64
-17.66
-16.69
-15.7M

41 Reauced Data Tapulastlon

T Sur!?
{DeQR)
$44.09
544,03
545.65
549,40
$47.6%
550.9%3
540.01
548.47
$49.30
$50.9)
$51.18
540,61
$%1.2%
549.01
$%3.00
Null

$55.12
5$%6.11

Gauge
Labe)
HT29
HT28
HT27
Hr2é
KT2%
NT24
HT2)
HT22
HT21
HT20
nr1e
nris
NT1?
HT16
HT1S
NT14
711
HT12

Loc.
{deq)
=30.99
-30.00
-29.18
-20.20
-27.4)
-26,54
~25.66
~24.60
-23.94
-2).08
=-22.2%
~21.40
-20.5%6
-19.62
-18.64
-17,68
-16.89
-1%.71

42 Reduced Data Tabu.atior

T Surf
(Degh)
$45.40
846.28
547.16
$33.49
5351.94
$37.74
$83.2¢
554.04
558,90
550.93
561.94
$59.72
$45.77
559.29
$71.43
Null

$73.4¢
$76.40

Gauqe
Label
HT2%
nI2e
NT27
HT26
HT25
NT24
HT2)
wT22
NT2)
nT20
NT1$
KT18
NT17
BTlé
nT1S
NT14
NT13
ur2

loc.

{dag)
«30.99
-30.08
-29.18
-20.29
-27.41
-26.54
-2%.66
-24.00
-23.94
-13.00
-22.28
-21.40
-20.56
~19.62
-10.64
=17.464
«16.69
-158.71

43 Reduced Dats Tebulation

T surf
(Deghk)
540.79
$50.02
$51.83
$34.67
$55.50
580,83
$52.91
$37.01
$34.00
999.18
$50.77
$59.32
$61.18
4%6.5%2
%N
Null

$99.58
960.31

Gauge
Label
NT29
HT26
NT27
HT26
RT25
NT2¢
NT2)
NT22
HT21
nT20
T
NT18
NT1?
KT1é
[ 22 %]
HT14
NT13
NT12

loc.

{deg}
-30.9%
-30.08
-29.18
-20.20
-27.4
-26.54¢
~2%.46
-24.00
-23.94
=2).00
~22.2%
-21.40
~20.5%6
-19.62
-10.64
=17.68%
~16.69
-15.71

44 Reduced Data Tabulation

Value
(BTU/TL2-Sec)
6.160( Oy
9.130¢ 0}
1.12%¢ ))
1.1 1}
1.987( 1y
11400 1)
1.1%4( 1)
7.895( 0}
1.606¢ 1)
1.0 1)
1.216( 1)
1.160¢ 1}
1.805¢ 1)
1.3821 1)
1.4200 1)
1.042( 1)
2.9
2.C84¢ 11

Value
{BTU/Fr2-Sec)
1.133( 1)
1.302( 1)
1.447¢ 1)
1.009¢ 1)
1.609( 1)
2.21C( 1}
2.613¢ 1)
2.3 1)
9.02%4¢ 1)
5.9%01¢ 1)
9.740( 1)
1.140( D
1.12¢
9.606¢( 1)
€.67%( 1}
4.707¢ 1)
3000
2.2%7¢ 1)

Value
{BTU/Ft2~-508c)
3.3
$.375¢( 1)
§.360¢ 1)
7.428¢ 1)
7.971¢ 1)
0.13%( 1)
6.199¢ 1)
3.984¢( 1)
4.383¢ 1)
2.000( 1)
4.904( 1)
4,743 1)
4,008( 1)
328N
1.0441( 3)
2.007¢ ))
1.318¢ 1}
1.269( 1)

Value
(STU/Fr2-Sec)
1.129¢ 1)
9.640( 0)
1.0561 1)
1.02%¢ 1)
1.027( 1)
1.1t 1
1.2261 1)
1191 1)
1.2 ¢ 1}
1.4080 1)
1.486( 0)
13624 1)
1.248( 1)
13074 1)
1.513¢0 1)
1.450( 1}
1.409¢ 1)
131N

B-116

T Sur!l
(DegR}
$57.9%7
541,52
563.79
$62.01
564.64
564.77
$65.2¢0
540.47
$68.86
261,77
964.49
562.95
965.91
564.22
$64.94
$69.91
574.04
$71.20

T surf
({DeQR)
$54.79
%11
$%71,.70
559.04
$61.2%
$64.07
567.40
567.34
$81.00
$79.59
$91.19
$94.5%
494,09
$96.8)
$93. 21
$93.65
59%.01
390.17

T Surf!
{DagR}
$74.56
902.48
$84.04
580 48
5880.93
509.8)
519.10
$75.87
$74.19
$50.54¢
572.0¢
$70.9¢
967.42
$66.0)
562.99
%64.01
$61.18
559.28

T surf
(DegR)
$%8.15
$50.2¢
$59.23
$58. 40
958,354
$60. 21
360. 4
860.9)
$61.92
861,57
$62.46
561.37
560.51
960,94
561.%)
$61.%7
562.00
$61.17

Gauge
label
HT11
HT10
HTS
KTH
nT?
HTE
HTS
NT4
HT)
NT2
HTl
HT4S
HT46
nra?
KT8
WT4S

Cauge
Label
NT1}
HT1O0
H1Y
HTS
HT?
3]
HTS
HT4
HT)
nT2
ATl
HT4S
HT46
HT4?
HTAS
HT49

Gauge
Label

L E2BY
KT10
Nty
HTS
nT?
HTE
uTs
HT4
nTd
NT2
NT1
NT45
NT&6
N4
HTe0
NT4Y

Gauge
Label
HT11
HT10
NTS
HTS
KT?
Hte
HTS
HT¢
NT)
HT2
an
HT4S
NTeE
HTQ?
HT48
HT4S

Loc.
(deq)
-14.7%
~13.69
-12.83
-11.00
-10.93
-9.90
-9.04
~0.10
-4.34
-1.%6
~.62
4.4
8.10
16.68%
26.54
35.67

Loc.
(ceq)
-14.7%
~13.60
-12.63
-11.00
-10.93
-9.90
-9.04
-8.10
-4.34
-1.%6
-.62
4.4
8.10
16.69
26.54
35.67

Loc.
{deg)
-14.75
-13.468
-12.03
-11.00
-10.92
[ 1]

~3.10
-4.34
~1.5¢
-. 62
4.34
0.10
16.69
24,54
3s.67

loc.
{deg)
-14.78
-1).48
-12.0)
-11.00
-10.92
-9.98
-9.04
-9.10
-4.34
-1.5¢
-.62
4.0
e.10
16.49
26,54
38.47

Value
{BTU/FL2-SecC)
2.209( 1)
2,723 1)
3.3e6( 1)
€.237¢ )}
6.305( 1Y
6.%091 1)
6144 1)
4.72¢ 1}
7.419( O)
3.565( O)
Null
4.%49 (-1}
$.193¢(=1)
1.318( 0}
7.2741-1)
Null

Vaiue
(BTU/Fr2-Sec)
1.904¢ 1)
1.33%(¢ M}
1.02%( 1)
9.699( 0)
.202( 0
1.680¢-1)
4.641( C)
3,746 )
9.026(-11
4.708(~1}
Null
-5.343(-1)
-2.767 (-1}
-3.720¢-))
-5.405(-1)
Null

Value
(BTU/Ft2-8ac)
1.223t 1)
$.006¢( O}
9.627( 0)
7.%42( 0)
4.6761 O)
Mull
4.319¢ O)
4.230¢ 0}
T7.448¢ O}
1.1 O
Mull
3.080(-1)
4.340(~3)
3.509(-1)
=1.592(-1)
1.563(=1)

Value
{BTU/FL 2-3ecC)
1.497¢ 1)
1.8%6( 1)
1.536( 1)
1.9%¢( 1)
1.007¢ 1)
.40 O)
1.63%( 1)
1.2 1
1.0 1
2.230¢ 1)
Null
1.065( 1y
6.715( O}
5.028( 0}
$.972( 0
6.046¢ O)

T surt
(DeQR)
$74.180
578.2)
582.77
588,01
599.92
60%.9¢
$09.02
6€07.07
574,42
$55.4%
Null
$50.90
550.8¢
544.08
$46.00
Null

T sur!
{DagR)
586.9%4
$77.34
$73.58
965.92
$56.93
543,24
55%3.13
991,56
547,38
548.%7
Null
547.02
446.4C
544,38
543.04
Nall

T Surf
(DegR}
858,94
956.42
$84.09
$52.4¢
S$49.67
Null
949.%¢
548.9%0
$50.23
849.24
Mull
S48 .0¢
547.98
$47.01
545.36
$44.09

T surt
{DegR}
$61.06
$62.66
$62.50
562.60
864.24
884,462
962.14
359.93
$45.33
$68.3)
wull

$56.28
$53.01
$%2.03
$%2.07
532.65%



Gauge
Label
HTS2
NTS)
NTSC
KT44
nT4)
Hre2
HTH)
NT40
HT)9
HTle
HTI?
nT6
L2 1
NTI4
NT2)
T2
L322}
HT3Q

Couge
Label
HT82
L3}
NT30
NTe4
NTAD
NT42
NT4)
NT4O
L2 1]
KT8
KT
HT36
(e 1}
NT34
HT)
H1d2
HT
NTIO

Gauge
Labe)
HTS2
NTS:
HTSO
NT44
HT43
LPEH
L))
NT4O
NT3S
(221 ]
NT3?
K136
TS
NT)a
[ 223 ]
NT32
HTI}
HTIO

Gauge
Label
nTS2
NTs)
[ p21]
WT44
L 1L}
NTAD
LEL]
NT40
NT)9
N1
NN
N1
NT3S
[ 341
NTY)
N12
L )2}
NT30

Loc,
tdeg)

=31.99

Lloc.

(aeg)
-8%.00
-§1.0)
=54.61
=44,3%
~43.60
-42.60
-41.79
-40.08
-40.00
«39.13
~38.28
-37.42
=36.%0
=35.6?
«JaMm
-33.M
32,82
=Ji.09

=31.0

Loc,

{deq)
-69,00
«61.0)
-34.61
-44.5%
~4).60
-42.68
-41.79
-§0.80
-40,00
.13
=30.
-37.42
~36.%0
-33.67
.M
-33.7M
-32.02
-31,09

Value
(BIU/FL2~8ac)
3. 428(-1)
9.76) (-1
1.445( 0}
4.2%0( 0y
3.010¢ 0)
$.4141 D)
3. 7661 0)
4.090¢ 0
4.609¢ 0)
4.1 0y
5.478¢ 0)
3.22¢0 Oy
6.543¢( 0)
.90
2381 0y
Null
1.007¢ 1y
.59 ( Oy

Rur.

Value
{BTU/HL2-8¢2)
2,240 (-1
1.083¢ o}
1.29¢( 0)
2.025¢ O)
1.060( 0)
2.0041 0y
1,721 0y
1.0 0y
1.901( 01
2,200 Oy
2.204( 0y
l.2241 Dy
2.9 ¢
2.068( C)
3.061¢( D}
Null
4.363¢ 0)
5.342( 0y

Rur.

Value
(BTU/FL2-Sec)
1.41%¢0 1)
2.903¢ 1)
2.030¢ 1)
S.%09( 1)
1.17%4 2)
T.781 1y
$.349¢ 1)
6.261( 1)

Run

Value
(PTU/FL2-Bec)
1.048¢ 1))
Null
2,201 1
6.189( 1)
4.1
S.494( 1)
4.186( 1)
4.241( 1
S.128( 1y
.30
6.550( )
3.060¢( 1)
6.686( 1)
4640 1)
7.630 1)
Mull
7.249¢ 1))
6.059( 1)

Run

T Burf!
{DegR)
$30.34
$81.24
$%2.13
595,24
$3).28
55¢.04
$51.4)
554.0)
$94.27
$5¢4.00
555,06
553.7%
357.01
$56.12
559,72
Null

$39.73
$59.5¢C

45 Reduceo Data Tao.

T Surt
(DegR)
550.01
551.30
$52.50
LY )
5%3.%0
856.3?
$83.7¢
554,14
S54.86
855,09
956.00
354,44
5%6.28
$84.22
$56.07
Null

457,83
£59.0C

Gauge
Label
HT29
KNT28
HT2Y
HT26
HT2S
HT2¢
HT2)
NT22
HT21
HT22
HT19
HT18
HT1?
HT16
HT18
KT 4
HT1}
HT12

Cauge
Labe;
HT29
NT28
HT2?
HT2¢
HT2%
HT24
HT2)3
HT22
HT21
HT20
HT19
HT1e
HT1?
HT16
HTLS
HT14
HI13
HT12

Loc.

(deg)
-30.99
-30.00
-29.18
~28.28
-27.41
-26.5¢4
~25.6¢
~24.00
-23.94
=2}).00
-22.2%
«21.40
=20.%6
-19.62
-10.64
-17.86
~16.69
-15.Mn

latien

Loc.

taeg)
~30.9%
-30.0¢
=-29.38
-0
-27.41
=26.%4
-23.66
-24.00
~2).94
-23.08
-22.2%
-21.40
=230.5%¢
-19.62
~18.64
=17.68
~16.69
-15.M

4¢ Reduceo Data Tabulatjor

T surt
(Degk)
$57.97
566.03
$72.06
600,19
667,48
€18.14
590.91
607.29
603,94
650,19
34,14
641,49
632.0
Null

645,585
Null

623.70
621.%7

Cauge
Labe!
HT29
HT28
NT2?
RT28
HT2S
HT24
NT2)3
HT22
HT21
NT20
KT19
HT10
HT1?
HT16
HT1S
HTl4
HT1)
HT12

Loc.

(geq)
~30.99
~30.00
-29.18
~26.28
«27.0)
~26.54
=25.66
~24.80
“23.%
~23.00
~22.2%
«21.40
~20.%6
-19.¢2
-10.64
~17.66
~)16.6%
=1%y.n

47 Reduced Dats Tabulation

T Surt
{DegR)
889,40
Nul)

$70.03
610.30
309, 8¢
604,39
506.20
590.6)
$99.03
612.%0
4. M
603.00
622.%
$95.7%
628,24
Null

623,16
620,586

Gauge
Labe}
HT29
KT2e
NT27
NT2$
NT2%
NT24
HT2)
HT22
HT2)
NT2C
NT19
K110
HT1?
NT1 6
NT1S
NT1s4
HT13
HT12

leoc,

(deg)
~30.99
~30.00
-2%5.10
-28.20
-27.4
-26.54
-25.68
-24.80
~23.0
-2).08
-22.2%
«21.40
~20.58
-19.62
-10.64
~17.6¢
~16.69
=15. M

48 Reduced Data Tabulstion

Value
(BTU/FL2-Sec)
8.519¢ Oy
1.%02¢ 1)
2.004( )}
1.
1.953( 1)
2.107( 1)
2,.012¢ 1)
1.200¢ 1)
2.303( 1)
1.292¢ 1)
1.708( 1}
1.409¢ 1)
1Ay
1.%5¢ 1
1.681( 3y
1.9085 1 1)
1.910( 1}
1.814¢( 1)

Value
{8TU/FL2-Sec)
4.700( 0)
4.99(0)
6€.602( O
5.32%¢ 0y
7.680¢ 0)
0.684¢ 0)
8.860( )
$.8331 0)
1.083¢ 1
.443( 0)
1010 1)
189 0)
.985( 0)
L1480 ¢ 0)
016( 1)
03 1)
9501 Oy
L010¢ Q)

hihdintielh 2 Ll )

Value

(BTU/Ft2-Sec)

7.3%1 (1)

7.1361 1y
S LLERS P
.508¢ 1)
134¢ 1)
041 2
.088¢( 1)
2316 1)
1L.225(
1.0481 2)
1.345( 2y
1.401( 2y
1.208( 2y
1.51%¢
1.0641 2
3.005¢ 2y
4.335¢
2.4

ce—~wye

Value
{BTU/FL2-%00)
$.29t 1)
7.097( 1)
T.068( 1)
8.907( 1y
.0t
9.406( 1)
0.443¢{ 1)
B.848( 1}
1.078¢ 2)
$.002¢( 1)
1.00( 2)
1.188¢ 2
1.200( )
1.339(
1.907( 2)
3N
4.560( 2)
2.832( )

B-117

T Sur!
(Dagh)
S50
54).90
966.92
565.2¢
$67.32
36%.01
548.22
$61.47
$71.30
$6).12
366.19
563,10
564.04
$65.11
$65.08
367.39
566.%7
%€1.)7

T Surt
(DegR)
358.09
859.4C
$62. 24
560.4¢
582.06
563.39
5¢3. M
$61.72
566.13
3¢1.03
$65.2¢
$61.2%
562.14
562.8?
6.
564.06
$863.%1
562,26

T surt
{Degh)
606,83
622.00
$23).72
639,03
642.27
646,99
642,54
63).4¢
681,13
647.00
81.72
698,06
697,07
.17
78.34
1¢9. 9%
12,98
20

Cauge
Labe]
HT11
KT10
HTY
K10
HT?Y
HT
NT$
T4
W13
HT2
L} 9
HT4%
NT4¢
NT4?
HT48
HT4Y

Cauge
lLave]
HIll
HT1D
K19
N1e
HT?
NTé
NTS
HT4
N1
HT2
N
LACH]
HT4e
HTOY
H14e
HT49

Gauge
Labe]
NT11
HT10
NTY
nTe
HT?
NHTé
NTS
NT4
K1)
HT2
NTl
NT4S
HT4¢
HT?
NT4s
HT4Y

Gauge
Label
HT11
KT10
KT
NTO
nr?
nre
u7Ts
HT4
[22]
NT2
L3
HT4S
L1
K14
NT48
K149

Loc.
{deq)
14,78
=13.¢8
~12.83
-l1.08
=10.93
~9.98
-9.04
~9.10
-4.24
=1.%¢6
~.82
4.4
.10
16.69
26,54
35.¢7

Loc.
(deg)
=14.7%
=1).¢8
-12.03
=11.00
=-10.9)
~9.99
-%.04
~8.10
~4.34
-1.5¢6
-.62
4.3¢
8.10
16.69
26.3%¢
15,67

Loc.
(deg)
~14.7%
=13.69
~12.83
~11.00
-10.9)
-9.9
-9.04
-0.10
-4,
~1.5¢
~-.82
4.34
$.10
16.69
26.5¢
35.67

loc.
{deq}
~14.78
=13.60
-12.83
~11.00
-10.93
-9.98
~9.04
~8.10
~4.34
=1.%6
-~.62
(PP 1}
8.10
16.69
26.54
35.67

Value
(BTU/FL2-Sec)
l.eda 3
1.7 1)
1.97%( 1)
1.607( 1y
1.510¢ 1y
1.8%¢ 0)
1.7 1)
1.0 1)
1.92¢( 1)
1.692( 1)
Null
1.234¢ 1)
1.018¢ )y
3.8%0(¢ O
2.021(-1)
«2,299(-1)

Yajlue
{BTU/FL2-%ac)
T.312¢ Oy
4.05¢ 0)
6.165( 0
$.736¢( o)
35.831¢( 0)
2.09¢( 0)
3.819( Oy
T.6%4( 0)
L.ary
2.30%( 1
Null
1.206¢ 1)
T.678¢ 0)
2.049( 0)
=7.09) (-1
1.269¢(-1)

Value

(BTU/Ft2-Sec)

1.284( 23

1.009¢ 2y

I. a1y
Noll
L2821 1)
.0e5¢ 1)
13 1)
N n
LA X ERY!
Null
Null
4.9 n
3.2 1)
2.8041 1)
2.099( 1}
2.966( 1)

Veaw

Value
(DTU/Fr2-850c)
1.933( 2)
0.464¢ )}
1.9%4¢ 1)
3.9%( 1)
3.902¢( 1y
2.606¢ 1)
3.2%( 1
2.9%0( 1)
33280 )
3.108¢( 1y
Null
2.3%1( 1)
23641 )y
1.%60¢ 1)
1.419( 1y
7.213¢ 0}

T Surt
(DeQR}
$62.%0
$61.39
$65.53
564,04
563.59
$53.79
$61. M
$66.08
960,12
965.00
Null}
5¢1.22
$%6.38
952,46
$50.63
$50.0)

T Surs
(Degh)
961.69
359_ 46
562.27
$62.02
$59.68
552.30
563,35
$64.4%
$63.29
$72.94
Null
566,90
562,866
993,43
$49.91
549,52

T Surt
(DagR;
$7).58
706.87
$89.1%
Null

575.46
572.24
201,72
6C1.2¢
$99.47
Null

Null

50%.04
$77.06
572.7%
565,00
$69.04

T Surt
{DegR}
652,84
§03,.03
502,66
506.62
$80.%0
877,24
$78.5%¢
503,49
819,03
$76.09
Null

$70,%¢
$70.29
964.4)
s62.MN
557,44



Gauge
Label
152
KTS1
HT50
HT44
NT4)
HT42
NT4)
HT40
T
HT)8
HT3?
HTI6
NTIS
HTI4
KT
W132
HT
W10

Gauge
Labpsl
MTS2
HT5)
HT50
HTA4
T4
HT42
HT4)
HT40
NTIS
HTIS
nTI?
HTIG
HTIS
WTI4
HT33
WT32
HT31
HTIO

Gauge
Lapel
HT52
HTS)
HTS0
HT44
HT4)
NT42
HT4l
HT4D
HT)?
nTle
NT37
HT1é
HT3
HT)4
N1
WT3Z2
NT31
HT30

Gauge
Label
0192
NTS1
TS0
HT44
NTA)
nta2
NT41
HT40
M1
[ 321
nT}?
HT36
TS
[ 22 1]
[ 32} ]
n12
HTI]
NT3O

Loc.
(oeg}
~69.00
-61.0)
«%4.61
-44.9%
-43.40
~42.460
-41.7%
-40.08
-40.00
-39.13
-30.28
-31.42
-36.58
-3%.47
-3¢
-33.7M
-32.02
-31.09

Loc.

{deq)
-69.00
~61.9)
-54.6)
-44.5%%
-4).60
-42.69
-41.7%
-40.08
-40.00
<3%.1)
-38.28
-37.42
-36.%0
<35.47
-.N
-33.77
-32.82
-31.09

Loc.
(699)
-$9.00
-61.0)
-34.61
-44.99
-43.60
-42.00
-41.79
-40.80
-40,00
-39.1)
-30.20
-31.42
=36.50
-3%.67
-34.7
-3.7M
-32.92
-31.09

Valuse
{BTU/FLI-SeC)
3.078¢( O}
31N
6.026{ O)
8,235 O}
7.9561 0)
1.470( 1)
s.088¢( O)
1.073¢ 1
1.904( 1)
4.014¢ N
$.224( V)
€339 1)
¢.798¢ 1)
4.4200 )
2.447( 1)
Null
1.3 )
1.116¢ 31

Run

value
18TU/FL2-Sec)

2.0 0
2.883({ 0y
4.064( O}
7.042( 0}
6. 414 Oy
8.729¢ 0)
4.367( 0}
0.1 O
6.7%41 O
1.030¢ 1
1.100( 1)
9.617( 0)
1.116¢1 1)

Null
1.136¢ 1)

Null
1.046( 1}
1.194( 1)

Rurn

Value
{BTU/FL2-5ec)
1.0291 O)
2.915¢( D)
3,770¢ O}
1.044¢ 1}
8.042( 0)
1.4600 1)
8.9658¢( 0)
9.753¢ O}
1.090{ 1}
1.360¢ 1)
31.354t 1)
1.267( 1}
1.5961 1)
Null
2,456 )
Null
3.6401 1}
4.4 D

Run

Valve

(BTU/FL 2-SeC)

1.4661 O}

2.1 0
o)
[}
1]
1
0
L4}
[ H
1
it
1}
1

Y]

H
$.85%0¢ 1)

Run

T Surt
{DegR)
351.40
$%2.48
$63.71
$59.1)
839.04
568,56
se1.18
574.7%
$17.13
605,65
$03.99
605.%0
601.79
507,62
$75.953
Null
561.36
559.65

Cauge
Label
HT29
HWT20
127
NT26
WT2%
HT24
NT2)
WT22
HT2)
HT20
HT19
NT10
HT1Y
HT1é
HT1%
HT14
HT1)
w712

Loc.

{deq]
«30.9%
-30.00
-29.10
-20.28
=274
=28.5%4
-25. 66
-24.00
-2).94
-23.08
-22.2%
-21.40
~20.56
-19.62
-18.64
-17.66
-16.69
-15.11

49 Reauces Data Tabulation

T surt
{DegR)
$42.4¢
$43.07
544,19
547,02
946,36
546,73
545,07
41.M
$46.5%6
949.16
548.%1
940.89
$50.00
Null

$50.84
Null

949.70
$50. 66

Gauge
Lape!
2%
HNT28
HT2?
NT26
HT25
HT24
HT2)}
HT22
WT21
HT20
HTL®
HT1O
HT1?
HWTl6
HT1®
HT14
HT1)
nT12

loc.

{deq}
-30.99%
-30.08
-2%.10
-28.28
-27,41
-26.%4
-35.66
~24.0
-23.94
-23.08
-22.2%
-21.40
-20.%6
~19.62
-10.64
-17.66
-16.69
-1%.71

0 Reguced Data Tabulatlen

T Surf
(DeQRh)
542.90
$43.70
$44.98
950,42
540,63
$5).94
548.9%
949,85
$30.84
$52.9¢
853.30
$52.01
$556.9%
Null

9631.70
Kull

369.13
$76.11

Gauge
Label
NT29
HT20
W27
HT26
HWT25
HT24
NT2)
HT22
RT21
NT20
HT19
KT8
HT17
WT16
HT1S
HT14
HT1)
w112

Loc.
(deql
~30.99
-30.04
-29.18
-20.28
-27.41
-26.%4
-25.66
~24.60
«23.9%4
-23.08
-22.2%
-21.40
-20.%6
-19.62
-18.84
-17.66
-16.69
-15.7M

51 Recuced Dats Tabulation

T Surfl
(Degh)
543.12
543,717
844,79
%1.7)
54%.17
$37.20
$50.72
431.4%
$83.42
560.%2
$63.20
$64.%7
$73.1¢
Null

490,980
Null

567,10
582.9%¢

Gavuge
Label
HT28
NT20
HT2?
HT26
TS
HT24
WT23
122
LY F2)
HT20
NT1S
WT18
HT1?
N1 6
TS
NT14
NT13
NT12

Loc.

(deQ)
-30.99
«~30.00

$2 Reduced Dats Tabulastion

Value
(8TU/FL2-3ecC}
1,001 1)
6.970( )
6.823( 0)
5.5 O)
$.4%0{ 0)
9.143( O)
$.186( 0)
4.706¢ O)
4.%27( 0)
4.364¢( 0)
4.500( O)
6€.929( )
€200 0
3.632( 0)
3.40%( O}
3.740( O)
e,
3.727¢ 0}

Value
{BTU/Fr2-Sec}
1.176¢ 1)
1.2%¢C 1
1.1 1)
1.2 1
1.377¢ 1)
1.385¢ 1)
1,463 1)
1.630( 1)
1.756( 1}
1.605¢ 1)
2.070( 1)
2.100( 1)
2.096¢ 1)
2.108¢ 1)
2,393 1)
4. 6240 1)
7.253( 3t
Null

Value
{BTU/FL2-5ec)
4€.239( 1)
$.361( 1}
8.644¢( )
5.993¢ 1)
3, 297{ 1)
4.142¢ 1)
3.360¢ 1)
2.36%9¢ 1)
1.4364 1)
1.20( 1)
1.1840 1)
7.7334 0
9.3)81 0)
6.613{ 0)
4,150 0)
6,042¢{ O)
5.397( 0}
£.7139( O

Value
(8TU/FL2-8ac)
4.953¢ 1}
4.040( 1}
3.619¢ 1)
2.0 M
211100
2.040¢ 1)
1,399 1)
7.293( O)
2.6%2(1 0
3.063¢ 0)
6.107( Q)
Null
2.220( O)
2.857( Q)
1.603( O
2.622(0)
Null
21000 0

B-118

T surt
{DegR)
558,66
$%6.43
556.5%9
$5%.0¢
554.01
$54.%2
354.10
$54.00
$53.92
$53.62
$5).42
885,02
$%).80
552.%7
$52.79
$93.09
554,01
$53.40

T surt
(DegR)
549.86
5$50.00
8%1.7C
950.800
$51.43
$%2.13
$%2.7%
853,92
545.41
$34.60
956.99%
598,23
550.3%
562.15
$63.959
$71.62
$78.90
Null

T surt
(DeqR}
575.94
584,95
$92.38
585,15
981,10
$75.35
$66.28
$61.06
§53.689
$53.40)
53).68
$50.%3
$49.79
540,35
$45.9)
546,08
346.38
$46.29

T Surf
(Do)
$76.04
571.64
$49.3¢
$62.5%6
$59.6)
958,73
$%4.93
951.98
948,59
$47.91
549,98
Null

$47.03
$46.%)
$43.13
546,16
Null

$45.60

Gauge
Label
KT11
KT10
NTS®
e
HT?Y
NT 6
HTS
HT4
HT)
KT2
KT
HTAS
HT46
HT4?
HT40
HTAS

Gauge
Label
HT1)
HT1O
NT®
HTe
KT?
HT®
HTS
HT4
MT)
WT2
HT)
HT4S
HI4E
NT4)
HT40
HTAS

Cauge
Label
HT11
RT10
HT9
HTO
HT?
HnTE
HTS
NT4
KT)
HT2
HTl
HT4S
HTLE
HT47
HT48
HT49

Gauge
Labsel
HT11
HT10
NTS
nTe
HT?
HIé
HTS
HT4
NT)
WT2
HT)
HT4S
NT46
HTe?
HT40
HTAS

loc.
[CITH
-14.7%
-13.60
-12.8)
-11.68
-10.93
-9.98
-9.04
-8.10
-4.34
-1.%¢
-.62
4.34
0.10
16.69
26.54
35.6?

Loc.
{aeg)
-14.75
-11.60
-12.83
=11.68
-10.93
-9.98
-9.04
-8.10
-4,34
-1.%6
-.62
4.)4
.10
16.69
26,54
35.8?

35,67

loc.
(deg)
-14.7%
-13.68
~12.8)
-11.00
-10.9)
-9.9
-9.04
-8.10
-4.34
-1.5%6
-.62
4.34
8.10
16.69
26.54
35.47

Value
{BTU/FL2-50C)
4.3%40 O)
4.407¢ 0}
Null
3.625( Oy
3.562( 0}
3.3 0)
41501 0
Null
5.196( 01
4.263( 0}
Null
3.499( 0)
3.856( O
3.726¢ O}
2,883 O}
1]

Valus
(BTU/FL2-SeC)
3.2400 00
1.2 1)
6.768( 0)
4.221 0
4.68%( O)
4.9750 O
6.219( O)
7.70C01 O}
1.081¢ 1)
e.200( O)
Kull
7.066({ O
$.004( O)
$.5%34( 01
4.193( 0y
.21 0

vaiue
(8TU/Fr2~5ec)

6.244¢ Q)
5.37%( O
4.865¢ 0}
4. 440 0)
2.0041 O)
3.064( Oy
2.4 O}
3,4420 0}
$.037¢(-1}
1.1%2¢ O

Null
1.45%4¢(-1)
$.480(-2}
2.144¢ 0}
9.687(-1)
1.383( 0}

Valve
(PTU/Fr 2-Sec)
2.702( 0}
2.403( 00
2.640( 0)
2.0%0( 0)
1.400¢ O}
2.203( 0}
1.7193( 0)
1,300 O)
4.072(-1)
1.995 (-1}
Nuil
-2.6%0(~1)
«1.291 (=1}
2,548 (-1}
-2.835(-1)
-6.297{-2)

T surf
(DegQR)
$%4,00
$54.2¢
Null
$52.98
$53.3¢
$32.90
58,22
Null
554,51
$5).172
Null
$52.9%
$33.2)
852.65%
551.%6
$%2.18

T surfl
(DegR}
561.34
882,29
949,13
$47.01
446.3%
$45.85
546.30
546.66
540.30
547,47
Nuild

546,92
545,64
545%.17
543.08
$44.32

T Surt
(CagR)
546.41
$46.19
946.11
$46.10
545.30
945.77
$45.37
545.99
S44.00
$46.07
Null

944,02
543.40
94).48
s41.08
S41.9¢6

T surt
(Degh)
546.02
545,69
$45.%3
$45.07
344,07
844.98
544.3%
843,92
843,09
$43.18
Null

941,46
343.20
542.77
$42.36
$42.0)



Gauge
Labe!
NTS2
HTS)
NTS0
HT44
NT4)
HT42
nTa)
HT40
NT)9
nTla
nr?
HT36
NT3S
L2 1]
NTD)
HTI2
HT))
HT3O

Gauge
Label
NTS2
nTYy
KTS8O
HT44
NTQ)
NT42
HT43
HT40
NTIS
Lhp]]
NT3?
HTI$
HT3S
NI
NT3)
HT32
HT))
HT30

Gauge
Label
HTS2
HTS
NTS0
NT44
HT4)
K142
NT4)
NTeO
NT3D
HTI0
KT)?
W16
HT2S
NTI4
[ e}
NT32
NT))
NT30

Gauge
Labe)
nrs2
L2223
NT50
NT4¢
24}
NT42
NTQ
nTe0
NT)Y
NT8
Lr) 2
T3S
N13S
NT34
NT3)
N2
HT31
N130

lec,

(aeg)
=69.00
~61.03
-54.61
44,53
-4).%0
-42.68
~41.79
40,08
=40.00
=39.1)
=30.2¢
-37.42
=36.%
-35.67
-3
-33.M
=32.m2
-11.09

loc,

{6ag)
-69.00
~61.8)
=34.6)
«44.53%
-43,60
-42.68
-41.7%
-40.08
=40.00
=39.1)
-30.20
-37.42
=36.50
~35.6)
-3¢.71
~33. 1
-32.02
-31.09

Value
{BTU/FL2-5ac)
2.497( O
J.40%¢ 0)
$.602¢( 0}
1.29%¢ 1)
l.104¢ 1)
1.928( 1)
9.787( 0)
1.7 1)
9.%24( Oy
1.6%5¢( 1)
1.422¢ 1)
1.8200 1y
2.212( 1)
Null
s.on¢
Null
e n
3.062t 1y

Run

Value
(BTU/FL2-8ec)
3.306¢ 0)
4.297¢ 0)
6.)38¢( 0)
1.160¢ 1)
.01 1y
1,461 )
6.931¢( 0)
l.229¢ 1y
#.082¢ 0)
l.492¢ 1y
l1.44¢¢ 1)
1.426¢ 1
Null
9.752¢ 0y
l.402¢ )
Null
1.420¢ )
1.607¢ 1)

Run

Value
(BTU/FL2-5ec)
1.204¢ 0}
2.182(
4.440( 0)
3.627¢ 1))
3.2 0
S.609( 1)
3.820¢ 3)
4.929( 1
5.107¢ 1
6.220( 1)
6.422¢ 1)
5.0 1
$.985¢( 1)
4.622¢ 1
a0
Null
3.140¢ 1y
2,317 1)

Aun

Value
(BTU/FL 2-80c)
3.966¢(-1)
8.206(-))
1.120¢ o)
3.3%1 0
2.264¢ 0)
3.701¢ 03
2.49¢ 0)
3.086¢ 0)
3.430(0)
2.07%¢( 0)
2.446¢ 0)
1.865¢ 0)
2.6641 0)
2.0%0¢ 0)
3.203¢ 0y
Nul)
$.117( 0)
$.9%)¢( 0)

T Surt
(Degh)
$4%.10
846,32
S548.00
$%7.2¢
856,21
364.4)
$54.07
559,94
555,42
562.0%
560.64
861,70
569.7%
Null
385.37
Nall
e0¢. 97
899,99

Cauge
Labe)
HT29
NT28
HT27
HT26
KTaS
NT24
W23
HT22
HT2)
NT20
HT1
KT10
HI1Y
HT16
HT15
NT14
HT1)
HT12

Loc,
(deg)
«30.9%
«30.08
-29.18
=20.2¢
-27.4
~26,%4
=25.46
“24.00
-23.94
=-2).08
=22.2%
-21.40
=20.%¢
-19.62
-18.64
~17.6¢
~16.89
-15.7

31 Aeduces Data Tabulatjen

T surt
(DegR)
31vy.
540.09
$41.14
544, 6
544,18
347,43
542,62
545. 99
844,148
347,39
547, 6)
$47.28
Null

545.04
542,34
Null

540,10
$49.01

Gauge
Label
HT29
HT20
K127
HT26
NT2%
K724
NT2)
HT22
HT21
HT20
HT19
NT10
HT1?
HTlé
HT1%
HT14
HT13
HT12

loc.

(deg)
=30.9¢%
~30.08
~25.18
-28.20
-27.41}
~26.54
~25.6%
~24.80
-23.9
~23.08
-22.2%
-21.40
=20.5%6
~319.62
~10.04
~17.64
~16.6%
-15.71

34 Reduced Data Tabulation

T Sur?
{DegR)
539,85
340.29
S5¢1.00
$5%4.30
$51.22
561.80
$53.40
8§57.42
359.m
366.27
$68.%0
$64.30
566,68
361,99
$64.00
Nul)

$62.11
5$%9.00

Gauge
lape!
HT29
HT29
KT27
H126
NT2%
KT24
HT23
NT22
KT21
HT20
HT1®
L3t ]
HT1?
NT16
W)Y
HTI4
HT13
WT12

Loc.

(aeq)
=30.99
=30.08
«2%.1¢
-~20.20
-27.0)
-26.%4
-25.66
=24.00
3.
-23.08
-22.2%
-21.40
=~20.5¢
=19.62
~18.64
-17.66
~16.6%
-15. M

35 Reguced Data Tebulation

T Surt
{Degn)
830.2¢
$30.8;
81907
344.0%
542,14
M. M2
542,00
$43.7)
44,10
344,88
S44.18
411
e
$42.%)
844.92
Null

346,64
8$47.%4

Gauge
Label
HT29
HT20
NT2?
NT26
NT2S
NT24
HT2)
NT22
Hr2)
HT20
HT1®
HT18
N1
HTlé
MT1S
HTl4e
HT1)
HT12

leoc.

{deg)
~30.99
=30.08

-15.7

Run 56 Reduced Data Tabulat ion

Value
{BTU/FL2-30ac)
2.922¢ 1)
1.7%0( 1y
l.esst 1y
8.761( 0)
0.173¢ 0)
8.008; 0)
9.10%¢( 0)
7.912¢ 0)
1.575¢ 0y
7.902¢1 0y
S.860¢ 0}
Null
5.262¢ 0)
6.29)( 0)
3.585¢ 0)
6.002¢ 0)
3.795( 0y
5.7%1¢ 0y

Value
(8TU/FL2-8ec)
.565( O
1.402( 1y
1.645( 1)
1.603¢( 0
17961 ( 1y
1.962( 1y
1.975¢ 1)
1.0 1)
2.1861 1)
2.139¢ 1)
24011 1
2.011( 1
2.836( 1)
2.700¢ 1)
2.082( 1)
3.242¢ 1y
$.236¢ 1)
5.041( 1)

Value
{(BTU/FrL2-5ec)
1.393¢( 1)
$.490( O
.23y
0.003( 0y
5.036{ 0)
8.225¢ 0)
$.2)0( o)
3.068¢ 0)
1.450¢( 0
7.42%¢-1)
1.003( 0y
5.263 (-1}
1.007¢ o)
4.448 (1)
~2.447({-})
~6.160(-2)
=4.500(-2)
~8.797(-2)

Value
(BTU/FrL2-8ec)
a0
T.A M0
8.152¢( 0)
7.705¢ 0)
.92 0)
.07 0)
1.252¢ 1)
1.006¢ 1)
1.766( 1)
1.046( 1)
1.462¢( 1)
1.468¢( 1y
1.5041 1)
1.97¢( 1
.10
o0 1
4.900( 31}
6.348¢ 1)

B-119

T surt
{Degh)
586.9)
3¢0.12
$60.2¢
$5).31
331.7%
851,98
$%1.0:
351,01
850.73
851.1%
345.61
Null

549.5%0
$49.3¢
349.2y
349.20
849.3¢
310,09

T surf
{DegR)
543,
$48.1)
349,66
$50.07
551,83
882,78
8%2.10
884,08
583.2¢
$53.40
853,54
551.9
3%2.05
934,22
357,93
856.01
$6) .84
560.72

T surt
(DegR)
$51.19
$52.34
$33.9¢
881,94
551.28
$33.00
850.29
34911
$46.92
$46.19
547,82
846,04
848,21
.
543. 9
See.m
344,47
943.7%¢

T surt
{Dagh)
$44.07
847,92
549.62
348,36
$31.79
$52.%4
$53.94
$51.9
$50. 64
852,93
$50.11
862.22
564.600
368.9
870,65
04,78
590.0¢
$90.90

Gauge
Labe)
HT11
WT10
HTe
Led ]
RT?
HTé
TS
NT4
NT3
Hr2
HT)
HT4S
HT4$
HT4?
HT4R
NTs9

Gauge

Label
L33 §Y
NT1O0
NTS
HTS
HTY
MTH
KBTS
HT4
HT3
N2
KN
HT4S
HT46
HT4?
KT48
HT49

Cauge
label
KT11
HT10
L24]
KTe
HT?
NTS
KTS
NT4
NT3
K12
NT1
HT4S
NT4¢
KT
NT48
NT4S

Loc,
{dag)
=14.7%
-1).68
-12.1)
~11.88
-10.9)
-9.n
-9.04
-8.10
-4.34
~1.%¢
-. &2
4.34
9.10
16.69
26,54
35.67

loc,

{oeg)
~14.7%
~1).69

=10.9)
-95.98

-4.24
-1.%6
-.82
)
8.10
16.69%
26.54
35.67

Loc.
{degq)
=147
=1).¢8
-12.01
-l1.08
-10.9)
~-8.9
-9.04
-8.30
-4.34
~1.%6
-.62
4.3
0.10
16.69
26,54
35.6?

Value
BTU/Ft2-3ec)
¢.007( 0}
5.311( 01
4.995¢ 0)
4.294( 0)
.21 0
4.210¢ 0)
@192 0
3.880( 0)
4.597¢{ o)
4.051¢( 0)
Rul)
3.27%( 0
1.4%0( 0)
3.086¢ 0y
2.006(0)
3.3¢60¢ 0)

Value
{BTU/FL2-Sec)
5.503¢ 1)
$.352( 1y
5.0%¢( 1)
2.069( 1)
1393 1y
8.007¢ 0)
6.901( 0)
6.7% ¢ 0)
1.3%2( 1
Null
Null
lL.2ia( ny
8.330¢ 0y
7.736¢ o)
$.002¢ 0y
S.183( 0y

Value
(BTU/FL2~Sec)
1.901 -1y
1.9%6 (-1}
=2.774¢(-1)
~8.163({-2)
=378 (-1
3.10¢(-1)
=3.5472(-1)
~2.180(-1)
~5.427¢(-1)
~6.107(-1)
Null
~1.012¢( O)
=5.410(-1)
«6.677(-1)
~4.46)(-2)
~1.630(-1)

Value
{DTU/Fe 2-3ac)
1.726¢ 1)
8.0M3¢( 1y
1.028¢ 2y
7.903( 1)
5.3 )
3.405¢ 1)
2.387( 1y
2.026( 1)
2.322¢ 0)
2.579( 0)
Null
7.709(-2)
=2.766(-1)
“2.13%{-))
~6.176(-1)
3.3241-1)

T Surt
(DagR)
549.00
348,60
548.%¢
S48.1¢
548.07
347,48
347,43
547,29
$40.32
$47.62
Null
847,01
$46.7%4
546.69
545,98
$46.101

T surt
{DegR)
$8¢.0?
$53.41
$s1.9
$46.43
543,88
$42.7
542.9)
$42.9%
$44.63
Null
Null
Se4e. 7
542.7
$42.€3
$40.42
540.59

T Surt
{DegR)
543,99
$4).62
343,18
542.67
$41.92
542.93
542.62
$41.53
542.70
s4). 0
Null

8¢2.0?
$40.20
S40.11
$40.19
$38.3%

T Surf
{Degh)
$95.10
$92.17
306.99
$00.09
866.92
$50. 02
$5).06
$51.32
342.32
.M
Wul)

841,42
s42.21
$40.49
$10.9
837, 9%



Gauge
Label
NTH2
NT51
HT50
HT44
NT43
WTA2
NT4)
NT40
HT3®
nrie
W17
HT36
NT35
HT34
HT3)
NTI2
KT31
HT30

Gaugs
Label
HTS2
WTS)
K180
HTAd
HT4)
NT42
[3LH)
NT40
HT3®
L bell
HT)?
NTIS
HT35
HTI4
W13
NT32
HT31
T30

Gauge
Label
NT32
Ly 22
RTS0
nTAY
NT4)
nT42
KT41
KT40
HT39
NT3R
K137
3217
NT3S
NT34
W13l
HTI2
NI
WT30

Gauge
Label
nTs2
NTS3
HTS0
HT44
HTe3
NT42
K741
u740
b1
138
Wtd?
[T}
ur3s
N7
w11
NTIZ
NT31
NT30

loc.
{deq)
-69.00
«61.0)
=54.6)
-44,5%
-4).60
~42.48
-41.7%
=40.08
«40.00
-18.13
-30.28
«37.42
-36.58
-3%.67
-34.N
-33.M
-32.02
-31.89

Loc.

{deQ)
-69.00
-61.8)
-54.61
-44.5%%
43,60
-42. 08
-41.79
-40.08
-40.00
-39.1)
-30.28
-37.42
=36.%8
-3%.67
-34.7)
-33.71
-32.82
-31.09

loc.

(deg)
-69.00
-$1.0)
-51.8)
-44.9%
-43.60
-42.68
-41.7%
-40.08
-40.00
-39.1)
-30.28
-37.42
=36.%0
=35.67
=3¢.N
«33,77
«)2.82
-31.09

Valus
(RTU/FL2-SeC)
$.001(-1)
4,404 (=1}
1.1454 0
$.040({ Oy
2.192( O
8.682( O}
4.0284( 0)
44,4520 O
3.1 0y
8,698 ¢ 0}
3.400( Oy
3.8451 0)
4.8 0
4,871 O
0.273¢( 0}
Null
1.22%¢ 1
1.379¢ L

Run

vValue
(BTU/Fr 2-8ec)
3.367(-))
1.117¢ Oy
1.461( 0)
3.951( O)
2.312¢ Oy
.10 ;)
4.094¢ O
4.048( O}
4.0631 0}
3.474( 0}
2.97191 O
2.5%10¢( 0y
3.703¢ 01
2,944 O}
4.250( Oy
Null
$.005¢ O
4,729 0)

Run

Vaiue
{BTU/FL2-Sec)
8,660( 0)
7.781¢ ©}
11240
2.1180 1)
2.1 D
3.0t 1
1.617¢ 1}
1.050¢ 1)
1.1231 1)
L0 D
34200 0
3.29%¢ )}
.00
.53t 1
null
Null
3.022¢ 1)
4.384( 1)

fun

Value
(BTU/FL2-8ec)
1.438( 0)
1.700( 0y
3.027( 0)
5.495( O)
5.006L O}
0.008( O)
4.042( 0)
7.011¢ O}
6.4244 O
5.2M( O
1.038¢ 1)
0.362( O}
1.0390 1)
1.647( O)
Null
null
9.021( 0)
0.292(0)

Run

T sSur!
(DegR)
538,90
$39.5)
$40.0%
s44.08
s42.M
LT PR B!
$43.99
44,92
$45.01
546.06
544.64
$44.4%
$45.10
543.54
540.40
Null
5%2.41
$45.23

Gauge
Label
HT29
WT28
W17
HT26
HT25
NT24
NT2)
HT22
HT2l
WT20
HT19
NT1®
K117
RT16
HT1S
KT14
HT1)
HI12

Lec.
(aeg)
-30.99
«30.08
-29.10
-20.12¢%
-27.41
-26.54
-25.6¢
-24.60
-23.%4
~23.00
-22.2%
-21.40
-20.%¢
=-19.42
10,64
-17.66
-16.69
-15.71

57 Reduced Data Tabulation

T Surl
(DegR)
$40.0%
941.17
%41.77
$46. 34
544.88
549.08
545,61
$46.09
545.09
546.5%7
$4%.08
544.6)
545.29
543,96
946,357
Null

546.4)
546.00

Gauge
Label
RT29$
nT28
Wt27
HT2¢
HT2%
HT24
HT23
HT22
W12l
HT20
HTYS
HT18
HT1?
HT18
HT1S
HTIA
HT13
KT12

Loc.

{0eg)
-30.9%
-30.00
-29.18
-28.20
-27.41
-26.54
-2%.46
~24.80
=2).94
-23.08
-22.2%
-21.40
~20.%¢
-19.62
=10.64
-17.68
-16.69
-15.71

56 Reauced Data Tabulation

T Surt
{DegR)
$45.90
547.60
$50.27
$60.11
$59.17
369.29
$5%.%2
$30.27
560.2%
$75.30
$71.92
570.97
979,56
360,44
Null
Null
480.45
$80.98

Cauge
Label
WT2s
KT
HT2?
HT26
w128
HT24
HT2)
HT22
113
#wT20
HT19
WT18
HWT1?
HT)$
HT1%
NT14
nT1)
w712

Loc.
(Ceag}
-30.9%
-30.08
-29.18
-29.28
-27.4
-26.%4
-25.66
«24.00
-23.%
-23.08
-22.2%
-21.40
-20.56
-19.62
-18.64
-17.66
-16.69
-15.N

60 Reduced Data Tabulation

T suxf
{Degh)
$45.04
$45.%9
$46.22
540,32
548.29
$50.11
547,96
949,54
540.9)
950,64
$%1.27
5$%0.1)
$51.23
549.50
Null

Null

350.%7
$50.4)

Gauge
Label
NT29
HT28
HT2?
nT26
HT2S
NT24
NT23
HWT22
T2l
HT20
119
HT10
HWT17?
KT8
WT1S
KT14
HT1)
HT12

we.

(deg)
-30.99
-30.08
-29.10
~20.28
-27.41
-26.%4
-23.6¢
24,00
-23.9
-23.08
~22.2%
-21.40
~20.%¢
-19.62
-18.64
«17.66
-16.69
«15.71

61 Reduced Data Tabulation

Value

(BTU/FL2-Sec)

9.2551(
1.964¢(
1.749¢
2.000¢
2.0
2.752¢
2.6%7¢
2.310¢
4,205¢
4,934
0.687¢
1.001 ¢
1.194¢
9.8331¢
6.835¢
4,0280¢
2.4271
1,177

Value

(BTU/Ft2-Sec)

4.426 ¢
3.642(
8.307¢
¢.001¢{
8.305¢
8.74%¢
9.462¢
1.2124
1.004¢
$.063¢
8,344
6.065(
6. 0121(
6.273¢(
7.134¢
$.076¢
6.356¢
$.0%2¢(

Value

{BTU/FL2-5ec)

3.060¢(
4.432¢(
4.827¢
4.906(
$.203¢
$. 4401
5.669(
8. 9534
6.019¢
6.604¢(
.521¢
1.673¢
2.192¢
1.22%1(
4.002¢
2.341¢
1,403 4
1.048¢(

Value

(8TU/FL2-Sec)

7.060¢
1.029%¢
1.278(
1.004¢
2.413¢
3.016¢(
3.475¢
2.923(
2,995¢(
2.204¢
1.900¢
1.4
9.128¢(
4.195¢
3.0481
2.3
2.5501
3.165¢

B-120

o)
11
1)
1)
1%
n
1
1)
1
N
1)
H]
2)
n
n
1)
11
1)

0)
o)
0)
[]]
o)
0
(]
o0
1
0)
(4]
o)
0)
[J]
[}
0)
H
3]

n
1}
1)
1)
1
1
1)
1
1)
n
1
2)
1
2)
n
1}
1
Y}

L]
1)

0
0)

T Surt
(Do)
$$0.21
997.52
$60.49
961.99
$63.39
367.7¢
$67.3¢
565.7¢
$73.60
$70.31
502.24
see. 1M
$91.%0
$91.3%
309,24
587,04
sed. 24
511,08

T surl
(Degh)
$45.70
$47.7%
549,46
$48.00
949,94
349.67
$50.21
$49.26
$51.9%
540.08
550.9¢
948.50
549.6)
$48.%9%
S48.30
549,69
548.01
548.02

T Surf
{DegR)
$76.42
579.44
$80.79
$79.43
$78.53
$80.0%
$23.953
580.61
$85.56
994,30
$95.31
$04.08
612.0)
84,91
565.21
530,57
$56.60
853,19

T surl
{Degk)
$49. 90
831,70
$33.47
$45.4)
$39.5)
$63.46
$63.07
$60.11
$%7.12
$35.2%
$59.02
$32.34
550.9)
848,62
$48.3%
347,06
548,11

Gauge
Label
WT11
HT10
24 ]
L34 |
Ht?
HTé
HTS
NT4
RT]
HT2
HT)
NT4Y
HT4E
HTO)
HT4S
HT49

Gauge
Labsel)
HTL1
H#T10
NTY
NTD
HT?
HT6
KT5
T4
HT)
HT2
HT}
HTAY
HT46
HT4?
HT4O
HT4S

Gauge
labal
¥Tll
HT10
28 ]
W18
HT?
NTé
HTS
KT4
RT3
HT2
HT1
HT4S
NT4E
HT4
HT4R
HNT49

Gauge
Label
NT1
WT10
NTY
HT®
HTY
NTE
RTS
NT¢
KT
w12
NT1
NT4S
HT4¢
nT4?
NT4R
HT4S

Loc.
(deq)
=14.7%
-13.60
-12.83
-11.08
-10.93
-9.98
~9.04
-8.10
-4,
=1.%6
-.82
.3
.10
16.69
24.54
35.67

Loc.

(eeQ)
=14.7%
-13.68
-12.9)
-11.08
-10.93

~9.98

~9.04
~8.10
-4.34
-1.56

-.62

4.34

.10
16.69
26.54
35.67

loc.
{oeq!
-14.7%
=13.60
-12.83
-11.08
-10.93
-9.94
-9.04
-0.10
-4.34
~1.%¢
-.62
4.3¢
8.10
16.69
26.54
35.67

Value
(BTU/FrL2-SecC)
1.190¢ 1t
1.093¢ 11
T.0171 Q)
6,021 O
2.902( 01
3.835¢ 0)
2.68%0( O)
1.615( 0}
1.906(~1}
2.87%(-1)
Null
-4.671 (=)
=2.261 (-1}
=2.970 (=1}
-5.8161-1}
1.614(=1)

Valuse
(8TU/Fr 2~Sac)
e m
3.040( O)
43761 O
2,051 00
2.319¢( Oy
1.410¢ O
$,060( 0}
7.4470 O
1.592¢ 1)
31320
Null
1.4%(
1.610¢( 1
1.13%( O}
-4.970(-1)
Null

Value
(8TU/Ft2-Sec)
1.14%¢
1.464( 1
1.0200 3)
1.9%4( 1)
2143 )
1.4841 1)
1.924¢ 11
Null
2.083( 1y
wull
Kull
1.546( 1)
1.362¢( 1
1.227¢ 11
9.258( 0)
Null

Value
(BTU/FL2-5eC)
3.059¢ O)
1.9t O
3.740( 0}
3.40¢ Oy
4.2715¢ 0)
3.825( O)
3.7t O
4.011( 0)
3.042¢( O
2.861( O)
Nul}
a0
4.300( O)
4.409¢ O)
2.683{ O
Null

T Surf
{DagR}
$71.14
$63.20
$50.21
$%3.77
348.16
540.07
$47.10
$45.40
$43.97
s4e. 11
Null
$43.77
542,97
539.64
$38.2%
$38.08

T Surt
(DegR}
547,72
$45.90
$46.867
546.40
$4%.)9
s44. M
$46.41
847,21
$52.9%
563.44
Null
353.09
$52.03
542.94
$39.%7
Null

T surt
{DagR)
$93.0)
$53.51
$54.37
954.14
$55.09
$50.33
$53.37
Null

$55.10
Null

Null

$51.99
$51.99
580.82
$40.29
Null

T Surf
{DegR)
347,60
$41.38
547,.%4
547.14
$47.42
$47.00
$46.90
346.09
547.29
$46.51
Mull

47,47
6.9
946.73
845,67
Null



Cauge
label
HTs2
L2431
NTS0
NT44
NT4)
WT42
HT41
HT40
TS
T30
H1)?
NTI§
KT3I
HI)4
nT1)
NT32
N1}
KTIO

Loc,

(deg}
-$8.00
b ]

Vélue

{BTU 1L 2-500)

1.22)¢
1.906¢
1.7%7¢
2.919¢
2.8
4.5014
2.1
3,704
3.205¢

Nuli

Nul)

Null
3.2%1¢
)¢

Null

Nutl
Jd.a08¢
1.91)¢

o)
[}
0}
€
(4]
0)
(4]
0)
0}

0)
0)

[-}]
0)

Run

T Surs
{Degk}
344,01
344.4)
$44.45
$44.%¢
544.5%6
945,34
$44.02
44,02
544.7%¢
Nul}

Null

Kull

345.00
544,89
Null

Null

543,50
345,70

Gauge
Labe)
KT29
HT20
HT127
HT2¢
nr2%
HT24
nT2)
HI22
HT21
NT20
WT18
HTie
NT1?
HT) e
HT1S
HTl4
NT1)
WT12

Loc.

(deg)
-30.99
~30.08
~29.118
-28.28
-21.41
=26.54
~25.6¢
-24.00
-21.94
-2).08
“22.2%
~21.40
=20.5%¢
~19.62
~18.64
=17.6¢6
“l6.69
-15.7

82 Reduced Data Tabulation

Value
(BTU/Ft2-5ac)

3.5%2¢¢
3.607¢
€. 380
4.295¢
7.20%9¢

Null
$.587
7.160¢
T.794¢
2.738¢
5.8
3.90% ¢
6.165¢
$.491¢
5.84%4
6,750 ¢
r.007¢
$.209¢

B-121

Q)
0)
o)
0)
0}

[}
0}
C)
o)
4]
1]

T surt
{Degh)
S4v. M
847,44
547,69
546.9¢
341.4)
Null}

347,58
847,92
S48, 40
45,48
%71.0
547.02
$47. 24
347,24
542,22
547,46
MM
540.01

Cauge
labe!
HT11
KT10
24 ]
Lp1 ]
HT?
NT6
HT5
HT4
Lig]
K12
HT)
HT4S
Nt
HT4?
el
HTay

Loc.
{guy}
=14.7%
=~13.68
-12.93
=11.88
~10.9)
-9.98
-9.04
-8.10
-4.3¢
-1.%6
.62
4.34
.10
16.69
26.%4
35,47

Value
{BTU/F1L2-8¢c)

5.812¢
6.424¢
6.992¢
. 414
7,632¢
7.003¢
2.820¢
0.446¢
1.930¢
2.3 ¢

Nul)

Null
1,019¢
$.060(
$.616

Null

o)
0)
03
0}
0)
o)
o)
0}
1)
n
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