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NOMENCLATURE

Indicated pitch angle, deg

~ Medel skin thickness, in,

Model material specific heat, Btu/lbm-°R
Laboratory gage calibration factor, Btu/ftz-sec-mv

Temperature corrected gage calibration factor,
Btu/ft2-sec-mv

Calibration

Denotes camera locations: TOP - top of tunnel,
0S - operating side of tunnel (right side look-
ing downstream) SHG - Shadowgraph

Free-stream specific heat, Btu/lbm-°R

Center of rotation, axial station along the
tunnel centerline about which the model rotates

in pitch, in.

Derivative of the model wall temperature with
respect to time, °R/sec

Gardon gage output, mv

Frames per sec

Heat transfer coefficient based on the theoretical
recovery temperature for turbulent flow (TRI),

QDOT/ (TRT-TW), Btu/ft2-sec-°F

Heat transfer coefficient based on TT,
QDOT/ (IT-TW), Btu/ft’-sec-°F

Enthalpy based on TT, Btu/lbm

Gardon gage temperature calibration factor,

;°R/mv

Free-stream Mach number

Dynamic viscosity based on free-stream
temperature, 1bf-sec/ft2
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P Free-stream static pressure, psia

PIC NO ‘ Picture number, corrésponds to number omn
each frame of contact print

KXXX - XXX .
_ RUN NUMBER  FRAME NUMBER

PROTUB . Protuberance number.
PT Tunnel stilling chamber pressure, psia
Q | Free-stggam dynamic pressure, psia
QDOT Heat flux, Btu/ftz-sec '
QUOT-0 : Cold wall (i.e., 0°F) heat flux calculated from !
: QDOT = H(TT) (TT~-460), Bcu/ch-sgc
RE C Free-stream ﬁeynolds number, ft:—1
RHO, p | Free~-stream densi_ty,.lbm/ft3 ?
ROLL NO Identifi.ation number for each roll of film )
RUN _ | Data set identification number .
SAMPLE Specimen number |
SGA Shock generator angle, deg (see Fig. 3b) i
ST ‘ Stanton number based on TT and free stream
conditions, H(TT)/(RHO*V*CP) ]
STREX.2 Heat transfer correlation parameter ST(RE*X)O‘2 :
T " Free-stream static temperature, °R . ‘ ;
T/C Thermocouple identification number %
TGE ' Gardon gage edge temperature, °R i
TGDEL . Temperature differeﬂcial from the center ;
_to the edge of Gardon gage dise, R ... j
T1 Initial wall temperature | i
TIME Elapsed time from lift-off, sec ?
TIMECL Time at which the model reached tunnel centerline, -

Central Standard Time _ 1
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Time of exposure to the tunnel flow when the data
were recorded, [TIME - %% (TIMEINJ)], sec

Total exposure time for a RUN, sec

Elapsed time-from lift-off to arrival at tunnel‘
centerline, sec

Wedge plate temperature, °R

Tunnel stilling chamber temperature, °R
Model surface temperature, °R
Free;stream velocity, ft/sec

Wedge angle, deg (see Fig. 3)

Orthogonal body axis system directions
(see Fig. 3)
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1.0 INTRODUCTION

The work reported herein was performed by the Arnold Engineering
Development Center (AEDC), Air Force Systems Command (AFSC), under
Program Element 921E02, Control Number 9E02, at the request of the
National Aeronautics and Space Administration (NASA), Marshall Space
Flight Center (MSFC), Huntsville, Alabama for the Martin Marietta
Corporation (Michoud Operations), New Orleans; Louisiana. The Martin
Marietta Corporation project engineer was Mr. S. Copsey and the NASA/
MSFC project manager was Mr. L. Foster. The results were obtained by
Calspan Field Services, Inc./AEDC Division, operating contractor for
the Aerospace Flight Dynamics testing effort at the AEDC, AFSC, Arnold
Air Force Station, Tennessee., The test was performed in the von
Karman Gas Dynamics Facility (VKF), Hypersonic Wind Tunnel (C), in two
entries on April 12, 1982 and August 27, 1982 under AEDC Project No.
C739VC (Calspan No. V41C-1P).

The objective of this test was to measure the response to con-
vective and interference heating of the material used on the space
shuttle's External Tank Thermal Protection System (ET-TPS) at a
total temperature in excess of 1860°R (1400°F). The wedge technique
with a shock generator was used to produce an augmented local heating

‘rate. Data from this test will be used to evaluate a possible re-

duction in weight of the space shuttle external tank. by reducing the
amount of insulative material or replacing 't with a lighter material.

Data were recorded at Mach number 4 with tunnel stilling chamber
pressures of 30-100 psia at a stilling chamber temperature of 1900°R
(1440°F). The cold wall heating rates of 0.5 to 25.0 Btu/ft2-sec were
obtained by varying the nominal wedge angle (WA) and by adding or
removing a shock generator.

All test data including detailed logs and other information re-
quired to use the data have been transmitted to the user and spomsor
as described in Table 1. Inquiries to obtain copies of the test data
should be directed to NASA/MSFC/ED33, Marshall Space Flight Center,
Huntsville, Alabama, 35812, A microfilm record has been retained in
the VKF at AEDC. °

2,0 APPARATUS
2.1 TEST FACILITY

The Mach 4 Aerothermal Tunnel C is a closed-circuit, high tempera-
ture, supersonic free-jet wind tunnel with an axisymmetric contoured
nozzle and a 25 in.-diam nozzle exit, Fig. 1, This tunnel utilizes
parts of the Tunnel C circuit (the electric air heater, the Tunnel C
test section and injection system) and operates continuously over a
range of pressures from nominally 15 psia at a minimum stagnation
‘temperature of 710°R to 180 psia at a maximum temperature of 1570°R.
Using the normal Tunnel C Mach 10 circuit (Series Heater Circuit),
the Aerothermal Mach 4 nozzle operates at 4 maximum pressuré and
temperature of 100 psia and 1900°R, respectively. The air temper-
atures and pressures are normally achieved by mixing high temperature

e e
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air (up to 2250°R) from the primary flow discharged from the electric
heater with the bypass air flow (at 1440°R) from the ngtural gas-fired
heater. The primary and the bypass air flows discharge into a mixing
chamber just upstream of the Aerothermal Tunnel stilling chamber. The
entire Aerothermal nozzle insert (the mixing chamber, throat and nozzle
sections) 1s water cooled by integral, ‘external water jackets. Since
the test unit utilizes the Tunnel C model injection system, it allows
for the removal of the model from the test section while the free-jet
tunnel remains in operation. A description of the Tunnel C equipment
may be found in the Test Facilities Handbook, Ref. 1.

N\

2.2 TEST ARTICLE

The test article was designed to simulate the flow conditions
over a section of material used on the ET.TPS. To provide the de-
sired flow conditions over the matexrial, the wedge technique developed
for material testing was used. The oblique shock wave generated by
the wedge reduces the free stream flow properties to the desired flow
conditions. The flow field conditions over the wedge can be controlled
by changing the wedge angle and, if desired, by adjusting the tunnel
stilling chamber conditions.

The test article was supported by a sting which was attached to
the Tunnel "C" mounting hardware. Anm installation photograph and
sketch of the fixture in Tunnel C are shown in Fig. 2. The test
article is comprised of three parts: testing wedge, shock generator,
and material specimen, and 1s shown in Fig. 3. The testing wedge is
a 12 in. x 34 in. long wedge. Mounted to the wedge were three rows
of 0.032 in. diam boundary layer trip spheres... Placement and orienta-
tion of spheres are shown in Fig. 3. A detachable shock generator was
used on some runs to provide augmented heating rates on the material
specimen. The shock generator angle could be varied between 0° and 25°
in increments of %°, to change the position of the interference region.
‘A thip~skin calibration plate was used with the shock generator to obtain
heat transfer levels at a total temperature of 1900°R (1440°F). This
plate is shown in Fig. 4. For a complete list of material specimens
see Table 2. A typical test specimen consisted of a 12 in. x 10 in. x
0.125 in. aluminum support plate covered with a 1.0 % 0.25 in. layer
of spray-on foam insulation (SOFI) or a 0.50 *0.05 in. layer of super
light ablator (SLA). On a few specimens the:-SOFI was removed in a 14.0
in. x 4.0 in. area and replaced by a repair patch of different material
Two specimens tested- the lighting protection system and one specimen
had a 5.0 in. diam x 3.0 in. tall cylindrical protuberance. Two 5.0 in.
diam x 3.0 in. tall cylindrical protuberante specimens were mounted
to a 12 in. % 20 in. x 0.625 in., 321 SST plate, Several 12 in. x 10 in.
x 0.50 in. specimens of SLA-561 were also run. Ex~mples of the material
specimens are shown in Fig. 5.

o
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2.3 TEST INSTRUMENTATION

The instrumentation, recording devices, and calibration methods
used to measure the primary tunnel and test data parameters are listed
in Table 3a along with the estimated measurement uncertainties, The
range and estimated uncertainties for primary parameters that were
calculated from the measured parameters are listed in Table 3b.

A variety of cameras was used to record the test results. Color
motion pictures (2 cameras) and 70mm sequence color stills recorded
any changes in the samples as they were tested. The movie cameras
were operated at frame rates of 24 fps (see Table 4). A shadowgraph
sti1ll or high speed shadowgraph movie was taken for each run to aid
in visualizing the shock wave patterns about the protuberances. A
black and white videc tape was also made for general coverage during
the test. All photographic data taken during the test are identified
in Table 4.

During both entries Gardon gages were used to define the heating
levels upstream of the test samples. The coordinate locations of the
Gardon gages are listed in Table Sa.

The Gardon gages used in the wedge were a special high tempera-
ture type, 0.25-in. diam, with a 0.010-in. thick sensing disk. Each
gage had a Chromel®-A1umel® thermocouple to provide the gage edge tem-
perature. These temperatures, together with the gage output, were used
to determine the gage surface temperatures and corresponding heat trans-
fer rate, which was then used to calculate the local heat transfer
coefficient. ’

The calibration plate temperatures were measured with FE-CN thermo-~
"couples. The thermocouple locations are shown in Fig. 4 and their
coordinates and corresponding skin thickness are listed in Table 5.
3.0 TEST DESCRIPTION
3.1 TEST CONDITIONS

A summary of Ehe nominal test condition is given below:

Date M PT, psia TT, °R RUNS
April 1982 4.0 30-100 1900 1-42
August 1982 4.0 30-100 1900 43-99

A test summary showing the coufigurations tested and the variables
for each is presented in Table 6.

e
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3.2 TEST PROCEDURES '

In the VKF continuous flow wind tunnels (A, B, C), the model is
mounted on a sting support mechanism in an installation tank directly
underneath the tunnel test section. The tank is separated from the

. tunnel by a pair of fairing doors and a safety door. When closed, '
the fairing doors, except for a slot for the pitch sector, cover the '
opening to the tank and the safety door seals the tunnel from the tank
area. After the model is prepared for a data run, the personnel access
door to the installation tank is closed, the tank is vented to the
tunnel flow, the safety and fairing doors are opened, the model is
injected into the airstream, and the fairing doors are closed. After
the data are obtained, the model is retracted into the tank and the
sequence is reversed with the tank being vented to atmosphere to allow
access to the model in preparation for the next run. The sequence is
repeated for each configuration change.

The required local flow conditions over the test specimens are ‘ é
produced by attaching the panel to a large wedge. The oblique shock ‘ E
wave generated by the wedge reduces the free-stream Mach number to the .
desired local Mach number. Since the free-stream Mach number is fixed,
the local Mach number is varied by pitching the wedge. With the free-
stream Mach number and the wedge angle defined, the pressure and tem~
perature ratios across the shock wave are established. The pressure
and temperature along the wedge surface can then be set as desired by
adjusting the tunnel stilling chamber pressure and temperature. A
complete description of this technique as used in Tunnel C is given in
Ref. 2. : : ]

3.3 DATA REDUCTION

Measured stilling chamber pressure and temperature and the cali~
brated test section Mach number are used to compute the free~stream ;
parameters. The equations for a perfect gas isentropic expansion from
stilling chamber to test section are modified to account for real gas
effects.

Data measurements obtained from the Gardon gages are gage output
(E) and gage edge temperature (TGE). The gages are direct reading heat
flux transducers and the gage output is converted to heating rate by \
means of a laboratory calibrated gage scale factor (C1). The scale
factor has been found to be a function of gage temperature and therefore
must be corrected for gage temperature changes,

BN G

C2 = C1 £(TGE) (1)

et i 8 v on

Heat flux to the gage is then calculated for each data point by the fol-
lowing equation:

. QDOT = (E){C2) (2)

L]
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The gage wall temperature used in computing the gage heat-transfer coef-
ficient is obtained from two measurements - the output of the gage edge
thermocouple (TGE) and the temperature difference (TGDEL) from the gage
center to its edge. TCDEL is proportional to the gage output, E, and is
calculated by: ,

TGDEL = (KG) (E) (3)
The gage wall temperature is then computed as
TW = TGE + 0.75 TGDEL (4)

where the factor 0.75 represents the average, or integrated value across
the gage. ~ R

The standard Gardon gage data reduction procedure was used to
compute model local heat transfer-coefficents. The procedu-e averages
five consecutive samples of gage output, (E) commencing with the data
loop recorded at approximately the time the model arrives at tunnel

centerline. The gage edge temperature (TGE) was averaged in the same
manner.,

The heat transfer coefficient for each gage was computed using
the following equation, '

H(TT) = -(—T,%—?—% ' (5)

. QDOT-Q is the heat flux calculated when the gage wall temperature
(TW) is assumed to be 460°R (0°F). It is computed using the following
equation,

QDOT-0 = H(TT) (TT-460) (6)
The reduction of thin skin temperature data to coefficient form

normally involves only the calorimeter heat balance for the thin skin
as follows:

QDOT = psc DTW/DT @)

DOT _ pbe DTW/DT
n(ny = S0 = SRR ®

Thermal radiation and heat conductioh effects on the thin-skin
element are neglected in the above relationship and the skin tempera-
ture response is assumed to be due to convective heating only. It can
be shown that for constant TR, the following relationship is true:

d TT-TI\| _ DIW/DT
dt [1“ (TT-TW)_] TT~TW 9
9

R T
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Substituting Eq. (9) im Eq. (8) ‘and rearranging terms yields:

H(TT) _  (T-TI
“pbe dt [}“ (TT-TW)] .(10)

By assuming that the value of H(Ti)/pbc is a constant, it can be seen
that the derivative (or slope) must also be constant. Hence, the term

TT-T1
1n (TT-TW)

is linear with time. This linearity assumes the validity of Eq. (8)
which applies for convective heating only. The evaluation of conduc-
tion effects will be discussed later.

The assumption that H(TT) and ¢ are constant is reascnable for
this test although small variations do occur in these parameters. The
variations of H(TT) caused by changing wall temperature and by transi-
tion movement with wall temperature are trivial for the small wall
temperature changes that occur during data reduction. The value of
the model material specific heat, ¢, was computed by the relation

c = 8.86196 x 10™° + 3.98668 x 10 °(TW), (316 stainless steel) (1)

The maximum variation of-c¢ over any curve fit was less than 1.5 percent.
Thus, the assumption of constant c used to derive Equation 10 was reason~
able. The value of density used for the 316 stainless steel skin was,

p = 501 1bm/ft3, and the skin thickmess, b, for each thermocouple is
listed in Table 5.

The right side of Equation 10 was evaluated using a linear least
squares curve fit of 7 consecutive data points to determine the slope.
The curve fit was started at approximately the time the model arrived
on the tunnel centerline. For each thermocouple the tabulated value
of H(TT) was calculated from the slope and the approprlate values of

pbey 1.e.,
- ohe -4 [1o (EZ=21)
H(TT) = pbe 3¢ [ (TT-TW/] (12)

To investigate conduction effects a second value of H(IT) was calcu-
lated at a time one second later, A comparison of these two values
wasg used to ideatify those thermocouples that were influenced by
significant conduction (or system noise). Conduction and/or noise
effects were found to be negligible.

10
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3.4 VUNCERTAINTY OF MEASUREMENTS OF _POOQ QUALITY

In géneral, instrumentution calibrations and data uncertainty
estimates were made using methods recognized by the Natiomal Bureau
of Standards (NBS). Measurement unce-=tainty is a combination of bias
and precision errcrs defined as:

U =.:(B + tgss)

where B 1s the bias limit, S is the sample standard deviation and t

‘is the 95th percentile point for the two-tailed Student's "t" distrg-

bution (95-percent confidence interval), which for sample sizes greater
than 30 is taken equal to 2.

Estimates of the measured data uncertainties for this test are
given in Table 3a. The data uncertainties for the measurements are
determined from in-place calibrations through the data : -ording
system and data reduction program. : :

Propagation of the bias and precision errors of measured data
through the calculated data was made in accordance with Ref. 3 and

the results are given in Table 3b.

4.0 DATA PACKAGE PRESENTATION

A complete set of all photographic data and tabulated data for
this test has been provided to Martin Marietta Corporation. Photo-
graphic data which showed significant testing results and a complete
set of tabulated data have been provided to NASA/Marshall Space Flight
Center/ED33, Huntsville, Alabama. All test specimens for this test
have been returned to the Martin Marietta Corporation

Representative posttest photographs are shown in Fig. 6.

Samples of the tabulated and plotted data from the calibration
and materials specimen runs are presented in Appendix III. A copy
of all tabulated data has been retained on microfilm in the VKF.

Agreement of the test data to a flat plate solution using the
Echert reference method was good and an example can be seen in Fig. 7,
Data repeatability from run to run was excellent and an example can
be seen in Fig. 8.
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The following items were transmitted to the User and. Sponscr:

Item

Final Data Package
Vols. 1 and 2 of 2

Installation Photos
Specimen Pretest Photos

Specimen Posttest Photos

70 mm Sequence
70 m Shadowgrapﬁ Stills

16 mm Direct Movies

16 mm Shadowgraph Movies .

Video tape

ORIGINAL PAGE 18
OF PNOR QUALITY

TABLE 1., Data Transmittal Summary

User
Mr, Steve Copsey
Martin-Marietta
Michoud Operations
P.0. Box 2934Q
New Orleans, LA 70189
No.of Copies

3

1 each 8x1Q prints
1l each 8x10 printé-
1 each 8x10 prints

1 countact print
1 duplicate negative

1 contact print
1 duplicate negative

1 work print
Optical master

1l work print
1 duplicate negative

1 copy

37

Sponsor
Mr. Lee Foster
ED/33 MSFC
Marshall Space Flight
Center
Huntsville, AL 35812
No. of Copies

3

1 each. 8x10 prints
1 each 8x10 prints
1 each 8x10 prints

1 contact print
1 contacé print
1 work print

1 work priat"

1 copy

Nk L it
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TABLE 2, Material Summary

SAMPLE

RUN FIG.
NUMBER NUMBER SAMPLE MATERIAL NO.
SN-23 22 SLA-561 Protuberance ‘ 5g
£TC18-35 13 "CPR-488 W/BX~250 repair patch 5¢
-36 28 : - Se
=51 22 CPR-488 5¢g
-101 14 CPR-488 X/PDL-4034 repair patch Sc
=102 17 o
-103 25
=104 30
-105 35
-106 37
=107 42
-108 80 i
-112 59 ¢
~-113 16 - CPR~488 5a
~114 21
-115 26
=116 3l
=117 36
-~119 38 :
-123 81 | 4
-125 18 NCFI-2265
~126 33
-~127 40
-129 12
-130 15
=131 19
-132 27
-13% 82" \
-134 | 83 ' f
-137 97 SLA~561M variants 51
-138 98 )
-142 90 UTAH~1002-60P Sa
~143 10 CPR~488 W/ECCO bond 59K LPS S5e
-144 11 ) '
=145 20 CPR~488 Sa
-146 32 ‘
=147 39 '
=149 23 Graphite=~epoxy protuberance Sg
-150 24 ) ¢
=151 96 SLA-561h veriants 51 -
=154 29 NCFI-2265 5a
~155 41
=156 34 CPR-488
-201 47 NCIT~2265
-202 53
=203 58
-204 64
-205 71
=206 78
=207 88
-208 95
\ -209 46 v
-210 | 52 Y

38
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TABLE 2. Concluded OF POOR QUALITY
SAMPLE RUN FIG.
NUMBER | NUMBER SAMPLE MATERIAL NO. )
CTC18-210 i 57 NCFL~2265 5a
. ~212 63 -
: -213 70.
N =214 77
\ =215 87
R =216 94 1
; =217 45 CPR-488
f -218 51
=219 56 .
-220 62
=221 69 ' ;
-222 76 ,
=223 86 q
~224 93 .
<225 | 43 i
: «226 49 ;
5 -227 54
i -228 60 v |
-229 67
~230 74
~231 84 ;
-232 91 5
-233 45 !
¢ =234 50 . g
: =235 55 ;
-236 61 k
-237 68
-238 75 .
-239 85 , ,
240 92 - |
~241 48 PDL~4034 }
2242 65
-243 72
-244 89 ) .
-245 66 a
’ 246 73 \ ' Y J
=247 99 SLA-561M variants 51 “
j =254 79 NCFT -2265 Sa S
: 1
A
iE
E;
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ORIGINAL P&

AN T4

OF POOR QUALITY

TABLE 5. Instrumentation Locations

a. Gardon Gages, Entry 1, the 12-in. Wedge

Gardon

Gage No. X,in. Y,in.
1 7.5 0
2 9.0 0
3 10.5 0
4 12.0 0
5 13.5 4.5
6 13.5 3.1
7 13.5 1.75
8 13.5 0
9 13.5 -1.75
10 13.5 -3.1
11 13.5 4.5
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ORIGINAL PAS %
T OF POOR QUAL
ABLE 5. Concluded .

b. Elat Plate Calibration Model Thermocouple

T/C No. X,ir. Y,in. |- Skin Thickness, in.

1 15 0 0.062 e o

2 16 .

3 17 ' . .

4 18 -

5 19

6 20 - l

7 21 o 1

8 22 ; i a

9 22.5 :

10 23.0 f

11 23.5

12 24

13 24.5

14 25

15 125.5 o .

16 26 '

17 26.5 '

18 27

19 27.5 i

20 28

21 28.5

22 29

23 29.5 .

24 30 j

25 31 '

26 32

27 . 33 Y )

28 21,2 -2

29 22.2

30 23.2

31 24,2

32 25.2 .

33 26.2

34 27.2 )

35 28,2

36 29,2 ,

37 30.2 o V

38 21.7 -4.2 0.063

39 22.7

40 23.7

41 24,7

42 25.7

43 26.7

44 27.2 :

45 28.7

46 29.7 !

47 30.7 S v ;
1
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ORIGINAL PLGE 3

Lp
TABLE 6. Run Summary OF POOR QUALITY

SAMPLE PROTUB. PT T VA sCA | TIME |
RUN NUMBER NUMBER psia °R deg deg EXPT, |
1 Shock cal. - 97 1905 |- 0.9 5 5.6 ’
2 : - §3 1905 9.1 5.7 |
30 - 98 1896 17.2 5.8
4 - 58 1905 0.9 5.7
5 - 58 1902 9.1 5.8 .
6 - 58 1896 17.2 5.9 .
7 - 29 1903 0.9 , 6.0
8 - 29 |°* 1893 9.0 ' 5.9 i
9 - 28 1899 17.1 i 6.2 4
10 CTC18-143 - 29 1899 0.9 - 60.4
11 -144 - 29 1897 9.0 - 61.0 i
12 ~129 - 29 1898 9.0 - 61.9
13 -35 - 29 1899 0.9 5 47.3 4
14 -101 - 28 1900 0.9 60.8 ,
15 -130 - 29 1893 0.9 | 61.8
16 . =113 - 28 1901 0.9 ] 60.7
17 -102 - 28 1898 9.0 | 31.3
18 -125 - 29 1901 9.0 41.7
19 -131 - 29 1901 9.0 42.0
20 -145 - 28 1902 9.0 37.1 {
21 -114 - 27 1896 9.0 , 41.2 B
22 * -51 SN-33 30 1900 9.0 i 10.0 :
23 - CTC18~149 29 1900 0.9 A 84.9
24 - CTC18-150 28 1899 0.9 - 60.7°
25 ° | cTc18-102 - 58 1856 10.0 - 78.3
26 -115 - - 58 1902 10.0 - 62.1
27 ~132 - 58 1901 10.0 - 61.4 ‘
28 -36 - 58 1901 10.0 - 31.8
29 ~154 - 58 1902 10.0 -~ | -61.8
30 ~104 - 58 1900 9.1 5 27.2
31 -116 - 58 1902 9.0 37.3 1
32 ~146 - 58 1897 9.0 26.6 \
33 ~126 - 58 1901 9.1 37.2 {
3% -156 - 58 1902 9.1 37.1 B
35 ~105 - 58 1900 17.2 J 15.9 ;
" 36 ~117 - 58 1900 17.2 26.9 1
37 ~106 - 97 1898 9.1 - 41.3 &
38 ~119 - 97 1900 9.1 - 42.0 i
39 ~147 - 98 1898 9.1 - 31.6
40 -127 - 97 1896 9.1 - 31.6
41 ~155 - 97 1903 9.1 - 31.3
42 -107 - 97 1901 17.2 - 26.5 !
43 -225 - 58 1903 10.0 - 47.4 i
44 -233 - 58 1901 10.0 - 47.4 ]
45 -217 - 58 1904 10,0 - 47.3 j
46 -209 - 58 1899 10.0 - 61.9 !
47 =201 - 58 1902 10.0 - 61.5
48 =241 - 58 1898 10.0 - 33.7 !
49 <226 - 58 1902 9.0 5 22.0 <
50 234 - 58 1902 9.0 5 22.3 j

* No data taken RUN 22 nominal test conditions given.
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"TABLE 6. Concluded

ORIGIHAL BLEY K
OF POOR QUALIIY

SAMPLE PROTUB, PT T ‘WA SGA | TDME
RUN - NUMBER NUMBER psia °R deg deg | EXPT.
51 CTC18-218 - 58 1902 9.0 5 .1 20.7
52 210 - 58 1901 | 9.0 41.8
53 -202 - 58 | 1898 9.0 40.8 .
54 -227 - 57 1905 | 17.2 17.1 ‘
55 -235 - 58 1899 17.2 18.0 | .
56 -219 - 59 1896 17.2 16.5 :
57 -211 - 59 1892 17.2 31.5
58 -203 - 59 1894 17.2 32.1
59 -112 - 59 1900 | .17.2 21.7
60 -228 - 28 1896 0.9 46.9
61 -236 - 28 1896 1.0 45.9
62 -220 - 29 1903 0.9 47.0
63 =212 - 29 1896 0.9 46.6
64 ~204 - 29 1893 0.9 . 62.0
65 ~242 - 29 1899 0.9 ; 31.5
66 -245 - 28 1898 0.9 - 31.6
67 -229 - 28 1895 9.0 : 33.3
68 =237 - 29 1899 9.0 | 33.3
69 -221 - 29 1898 3.0 | 32.4
70 -213 - 29 1901 9.0 ' 51.6
71 -205 - 29 1902 9.0 . 49.2
72 -243 - 29 1898 9.0 ; 34.7
73 -246 - 29 1893 9.0 v | 33.4
74 -230 - 29 1900 9.0 - 63.2
75 -238 - 29 1900 9.0 - 61.3 .
76 -222 - 29 1896 9.0 - 63.2
77 -214 - 29 1901 9.0 - 61.3 :
78 -206 - 29 1901 9.0 - 55.3 .
79 -254 - 29 1897 1.0° - 91.4 ¢
80 -108 - 58 1896 10.0 - 52.6
81 -123 - 58 1901 8.9 - 24.1
82 -133 - 58 1897 | - 8.9 5 40.9
83 -134 - 58 1900 17.2 | s 36.7
84 -231 - 97 1902 9.3 - 25.8
85 ~239 - 98 1900 9.0 - 25.9
86 -223 - 98 1899 9.0 - 26.6
87 =215 - 98 1895 9.0 - 46.8
88 -207 - 98 1897 9,0 - - 46.3
89 ~244 - 98- | 1899 9,0 - 21,5
90 -142 - 98 1898 9.0 - 26.7
91 -232 - 98 1900 17.2 - 18.8
92 =240 - 97 1900 17.2 - 18.6
93 =224 - 98 1899 17.2 - 18.2
94 -216 - 98 1897 17.2 - 40,7
95 -208 - 98 1897 17.2 - 44,2
96 -151 - 98 1901 17.2 5 61.4
97 -127 - 98 1903 17.3 5 60,8
98 -138 - 97 | 1901 17.3 5 62.4
99 =247 98 1896 17.3 5 36

_____
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APPENDIX III

SAMPLE TABULATED AND PLOTTED DATA
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