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EFFECT OF RATIO OF WALL BOUNDARY-LAYER THICKNESS TO
JET DIAMETER ON MIXING OF A NORMAL HYDROGEN JEF
IN A SUPERSONIC STREAM

By Charles R. McCiinton
Langley Research Center

SUMMARY

This report contains results from a preliminary experimental investigation con-
ducted to study the effect of the ratio of boundary-layer thickness to jet diameter §&/D
on the mixing of hydrogen injected sonically from a fiat plate into a supersonic air free
stream. Several values of jet diameter D and free-stream total pressure were used
to vary 6/D over the range 1.25 = % < 6,25, For all tests the undisturbed boundary
layer at the injection station was fully turbulent. Vertical nondimensional pressure,
velocity, concentration profiles, and total-pressure recovery results are presented.
Results of this investigation illustrate a distinct increase in both the secondary jet
penetration and the mixing rate with increasing &/D.

INTRODUCTION

One type of fuel-injector design for scramjet combustors is the flush wall-mounted
jet. This type of fuel injector normally is designed bjr empirical relation based on the
data of numerous investigators. (For example, see refs. 1 to 15,) The investigations
reported in the literature have not evaluated the effect on the mixing of the thickness of
the boundary layer on the wall. In view of the complex interactions between the jet and
boundary layer which are illustrated in the literature, the ratio of boundary-layer thick-
ness to jet diameter is expected to be an important parameter. For instance, several
investigations (see refs. 16 and 17) have shown tliat the properties of the boundary layer
at the injection location have a measurable effect on this type of jet interaction.

The present preliminary investigation was designed to evaluate the effect of the
magnitude of the ratio of boundary-layer thickness to jet diameter on the mixing perfor-
mance. Tests were performed on a flat-plate model with sonic injection of hydrogen
from a single normal jet into a fully developed turbulent boundary layer. Mixing region
surveys were made at a station 120 injector diameters downstream of the jet for three
separate configurations and compared with results from references 9 and 12. The effects
of the ratio of boundary-layer thickness to jet diameter on jet penetration and mixing rate
were measured and methods of correlating the data were determined.
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SYMBOLS
area
profile shape factor (fig, 11)
discharge coefficient
jet diameter, cm
effective jet diameter, D{Cp, cm
hydrogen gas
location of injector from leading edge, cm
Mach number
jet penetration, maximum height of XHg = 0.005 contour, em
pressure, N/m2
effective back pressure, N/m2
pressure recovery
dynamic pressure, N/m2
Reynolds number based on X from plate leading edge
temperature, K
velocity, m/sec
longitudinal coordinate, cm
hydrogen mole fraction

lateral coordinate, measured across plate from center line, em



YHo hydrogen mass fraction

Z vertical coordinate, cm

o hydrogen flow rate per unit area, PVYHy,s kg/m2-sec
B airflow rate, per unit area, pV(l - sz), kg/m2-sec
6 boundary-layer thickness at jet station, em

2] boundary-layer momentum thickness, cm

p density, kg/m3

Subscripts:

A mass-averaged undisturbed airflow condition

j secondary jet condition

M location of sz,max

max maximum value in mixing region

0 point on vertical survey where XHg = 0.005

t total coendition

o0 free-stream condition

A bar over a symbol denctes a mass-averaged value,
MODEL AND FACILITY

Wind Tunnel and Model

The experiments were conducted in a Mach number 4.05, 22.84-cm-square wind
tunnel with injection of hydrogen from a flat plate which spanned the test section. A
sketch of the plate, locating the injection stations and defining the coordinate system,
is presented in figure 1(a). Figure 1{b) presents details and the measured discharge



coefficients Cpy of the circular injectors used in this study. Fuel was injected at the
18.6-cm upstream station for the test in reference 9 and at the 24-cm station for the
present tests and the test in reference 12.

Instrumentation

Probes.- The pitot and static survey probes used in all these experiments are illus-
trated in figure 2. Probe actuator limitations required yawing the probes for lateral sur-
veys; however, the maximum yaw angle was held to a relatively small angle (about 109,
The diameters of the probe static orifices were 0.203 mm; and the orifices were located
14 probe diameters from the probe tips, The pitot probe, a flattened hypodermic needle,
was used to collect gas samples from the hydrogen-air mixing region for analysis by a
gas chromatograph,

Gas sampling system,.- A schematic of the gas sampling system is presented in fig-
ure 3, The heart of this system was a Control Data on-line process gas chromatograph
which measures only hydrogen volume fraction. The chromatograph was tied into the
hydrogen supply line and the pitot probe by a system of electrically operated valves.
Pure hydrogen from the supply line was used to check the full-scale reading during each
test. Other instrumentation used in these tesis is alse illustrated in this sketch (tig. 3).

Test Conditions

The test conditions are presented in the following table:

Test o 1\;&;’/";2 n,;?}jr;z U/l | el | /P

1 0.25 | 1.72 0.328 | 0.978 | 24.0 | 1.25

2 05 | 1.72 325 | .973 | 24.0 | 6.25

3 10 | 1.38 271 | 1.006 | 24.0 | 3.16

4 (vef, 9) 20 | 1.38 270 | 1.005 | 18.6 | 2.51
5 (ref, 12) | .12 | 1.72 335 | 1.001 | 24.0 | 2.58

All tests were run at a tunnel total pressure of either 1,38 or 1.72 MN/m?2 and a corre-
sponding jet total pressure to produce a ratio of jet to free-stream dynamic pressure of
unity. For each test the jet was sonic and underexpanded. Injector diameter, injector
position, and free-stream total-pressure variations combine to produce different ratios
of boundary-layer thickness to jet diameter &/D as listed in the table. A theoretical
boundary-layer thickness was used for this parameter; the theoretical solution is dis-
cussed in detail in a later section,



Test Procedure

The experimental results were reduced from survey data taken in the hydrogen-air
mixing region 120 injector diameters downstream of the injection station, Surveys con-
sisted of one vertical center-line survey and three horizontal surveys of hydrogen mole
fraction, pitot pressure, and static pressure. Since pitot- and static-pressure measure-
ments were made during separate tests, both measurements were nondimensionalized by
free-stream total pressure before being included in the data-reduction program. (See
appendix A.)

THEORETICAL BOUNDARY LAYER

Theoretically determined boundary-layer parameters were used in this study
because it is difficult to obtain accurate measurements of very small boundary layers
{6 = 0.3 cm) and the development of the turbulent boundary layer in this facility had been
predicted accurately in other investigations, The theoretical boundary layer was deter-
mined by using an integral transition and turbulent boundary-layer program developed by
Pinckney. (See ref. 18,) The laminar boundary layer wag predicted by an ordinary flat-
plate solution with friction coefficient determined by Eckeri's flat-plate reference tem-~
perature method, (See ref, 19.) Transition was assumed to start at the point where
Rx = 2.9 % 108, a value which was based on extensive boundary-layer tests performed in
the facility on other flat-plate models,

Theoretical nondimensional boundary-layer velocity and total-pressure profiles at
the injection station are presented in figure 4. These profiles represent a fully turbulent
boundary layer for each case. Also included are values of the theoretically determined
boundary-layer and momentum thicknesses, All boundary-layer parameters have been
nondimensionalized by the jet diameter D, For this study, boundary-layer thickness &
corresponds to the point where the theoretical velocity is 99 percent of the free-stream
value,

RESULTS AND DISCUSSION

Reduced survey data (appendix A) were used to construct flow contours (appendix B)
of the mixing region, These contours are used to define three mixing parameters: jet
penetration, mixing rate, and jet-induced interference. These mixing parameters are
analyzed in the remaining discussion.



Penetration

Penetration has been correlated in this study by two characteristics of the hydro-
gen volume fraction contour. These characteristics are denoted by P/D and (Z/D)y,
corresponding to

P/D vertical height from the plate to the highest point on the XHy = 0.005 contour
{outer edge of mixing region, see appendix B) '

(Z/D)m vertical height from the plate to the point of maximum hydrogen concentration

Both penetration parameters are presented in figure 5 as a function of the ratio of
boundary-layer thickness to jet diameter &/D. On this and subsequent figures, the
data points used from references 9 and 12 are flagged or designated. The trends of
the data indicate that both P/D and (Z/D)yp increase as 6/D becomes larger.
The parameter P/D is a weak function of &/D;

.05'74

P oc(g)o 057 (1)
D \D

However, the value of (Z/D)y increases by nearly 75 percent in the range

1,25 = % Z 8,20, The magnitude of these increases warrants inclusion of 6/D

dependence in any jet-penetration correlation.

The penetration correlation of equation (1) agrees with results presented in refer-
ence 17, These results were obtained over a smaller range of §/D and most of the
penetration measurements were made relatively close to the injector. The data pre-
sented in reference 17, which include results from references 9 and 12, are correlated
by

\0.405
P _;og-tl MO-163(X 0.204/ 4 \0.141 o
D peb ] d* d*

Since these results were all obtained with fully turbulent boundary layers, the boundary-
layer thickness is proportional to the boundary-layer momentum thickness or

p _[5\0-141
5 (3 @

This proportionality is nearly the same as that shown by the present data (eq. (1)) as illus-
trated by the dashed curve in figure 5. The absolute values from equation (2) were not
plotted because of the uncertainty of extrapolating equation (2) to %: 120.



Several of the earlier wall injection and mixing investigations studied the effect of
dynamic-pressure ratio on penetration. For instance, the results of reference 9 were
correlated by

0.143
0.30 2.1 1%
aj 0.143 qj
P e R X . J) X
E 3.37(%) (&) 3.87I:<qw) D] @)

The dependence of jet penetration on 6/D, as shown by equation (1), can be included in
equation (4) as shown by figure 6. This figure correlates the present data with the data
from reference 9 by the following equation:

0.143
10,30 2.1 :
D~ **\q D D it D/ D

Equation (5) corresponds to the solid line in figure 6. Present data points are solid sym-
bols and data points from reference 9 are open symbols, All reference 9 data were at
constant &/D, and values of X/D and 4 /qm ranged from 7 to 200 and 0.5 to 2.0,
respectively, The dashed curve represents equation (4) simply expanded to account for
6/D. Equation (5) has the same slope as the dashed curve, but it correlates the present
data points., This plot shows that the present data point from reference 9 has the largest
deviation from the trends of the pres‘ent data. This deviation is believed to be associated
with the different jet geometry used for the reference 9 test. ({See fig. 1(b).)

No satisfactory correlation for the maximum hydrogen concentration trajectory was
presented in reference 9 because the trajectory tends to decrease in the near field (from
% =T to about 20 to 30), and then increase with downstream distance. However, at
%: 120, the height of the point of maximum hydrogen concentration in reference 9 can be

correlated by

q.

ZY =319 L

(D)M . (qoc-

The straight-line correlation of the maximum concentration trajectory in figure 5 is like-
wise represented by

B =" ®

Equations (6) and (7) are combined and used to plot the present data and the data at
X - 120 from reference 9 in figure 7. The results ax;’e correlated by

D
(%>0.214 ®)

0.214
) (6)

b3

q. 0-214
M IUQ



Because of the complex nature of (Z/D)y; as mentioned previously, the effect of &/D
on the maximum concentration trajectory cannot be predicted over the entire mixing
region without additional tests.

One indication of the extent of mixing between the jet and the free stream is the
decay of the maximum hydrogen mass fraction, YHg,max- Values of YHg,max for
each test are presented in figure 8 as a function of the ratio of boundary-layer thickness
to jet diameter &/D. Data trends indicate that YHg,max is proportional to (6/D)'0'345
X . ; .
at 5= 120, Reference 9 data replotted in reference 8 showed YHg,max 18 proportional
X -o.eg(qj )0-345
to (_) L
D oo

lations yields

in the downstream mixing region (}B{ Z 30). Combining these corre-

a )0.345( 6)_0.345(}()-0.690 (9)

The data from both reference 9 and the present test are presented in figure 9 to illustrate
this correlation. Reference 9 data are represented by open symbols and the present
cases, all at %: 120, are represented by solid symbols, Equation (9) which is simply

an extension of the correlation used in reference 9 closely correlates the present data.

Pressure Recovery

The efficiency of each component of a ramjet engine is normally related directly or
indireectly to the loss in total pressure or momentum of the airflow as it passes through
that component, The interaction between a normal secondary jet and the combustor air-
flow produces significant totai-pressure losses as a result of induced shocks in the air-
stream combined with the lack of jet streamwise (X) momentum. However, the jet-
induced total-pressure losses would be partially compensated for by reduced-combustion
total-pressure losses in the wake regions behind the jets, The pressure losses have been
evaluated for the present data by calculating the total-pressure recovery defined by

B, (at %:120)

p (10)
R - X _
pt (at ﬁ = 0)
where ﬁt is the mass-weighted total pressure calculated by
ov Pt (A
B Pt \AQ
t _ * (11)

Pp o
= T
0



at each station, The mass-weighted total pressure at station %{ =0 was obtained by

use of a stream tube area with the same shape and total airflow rate as the mixing region,

The no-injection theoretical boundary layer at £ - 0 was used for these calculations,

D

The pressure recovery results are presented in figure 10 along with the nondimen-
sionalized mass-weighted total pressure at the injector and survey station, The recovery
(circle symbol in fig. 10) is a constant value of 43 percent with the exception of the data
for % = 1.25, which drops to 35 percent. A recovery of 43 percent is equivalent to the
recovery across a two-dimensional shock with a turning of 28° in a Mach 4.05 airstream.
It should be noted that the theoretical total-pressure losses associated with mixing of the
normal Hs jet with the air would be small compared with the shock losses since the

weight flow of Hg is less than 3 percent of the airflow.
CONCLUDING REMARKS

This investigation has shown that for normal sonic injection of hydrogen from a flat
plate into a supersonic airflow, the mixing performance is dependent on the ratio of plate
boundary-layer thickness to jet diameter 8/D and the magnitude of this dependence
necessitates ifs inclusion in any empirical mixing models. The experimental results
show that increasing §&§/D increases penetration, both of the outer edge of the mixing
region and of the point of maximum concentration, and the extent of mixing as measured
by the maximum hydrogen concentration. The results also show that the normal jet mix-
ing regions have relatively low pressure recoveries as a result, evidently, of the strong
induced shock wave. In these relatively thick houndary-layer cases (1.25 b3 % =6.2 5),
only the smallest value of /D had a noticeably different (lower) pressure recovery
than the other cases. Nondimensional boundary-layer correlating parameters presented
extend previous flat-plate mixing performance correlations of jet penetration and maxi-
mum concentration decay.

Langley Research Center,
National Aeronautics and Space Administration,
Hampton, Va., March 25, 1974,



APPENDIX A
SURVEY DATA

One vertical and three horizontal surveys of the mixing region at an X/D station
of 120 were performed for each case with measurements of hydrogen concentration, pitot
pressure, and static pressure taken along each survey. A computer program was used
to reduce the raw data to the desired results presented in table I. These tabulated results
are in U.S, Customary Units, and the applicable nomenclature follows:

X longitudinal coordinate, in.

Y lateral coordinate, in,

pA vertical coordinate, in,

D jet orifice diameter, in,

QJI/Q1 ratio of jet pressure to free-stream dynamic pressure

LAMDA ratio ul jel mass fiux to free-stream mass fux

GAMMA, ratio of specific heats

RHOVJ jet mass flow per unit area, slugs/ft2-sec
K mole fraction of injected gas

PT2Xx survey pitot pressure, psia

PIX static pressure, psia

MWX molecular weight of survey gas sample
MX Mach number

TTX total temperature, °R

TX static temperature, °R

10



APPENDIX A — Concluded
VX velocity, ft/sec

RHOVX  mass flow per unit area, slugs/ft2-sec

X] ratio of injected gas mass flow per unit area at survey point to jet mass flow
GX mass fraction of injected gas

RHOVX™*(1-GX) survey-point air mass flow per unit area

XIM maximum XI

GXM maximum GX

AIRMFM maximum RHOVX*{1-GX)

AKXM maximum K

Hydrogen concentration and total-pressure profile results from the vertical surveys
are presented in figures 11 and 12, respectively. The hydrogen concentration profiies in
figure 11 are divided into two regions, separated by the point of maximum nydrogen con-
centration. In the upper region the profile shape resembles coaxial mixing profiles;
whereas in the lower region it is more uniform, since the plate restricts the mixing,
Previous investigations have shown that, in the upper region, the profile shape is depend-
ent on the downstream station but independent of dynamic-pressure ratio (refs. 9 and 12)
or injection angle (ref. 7). On the other hand, the profile shape in the lower region is
dependent on downstream distance, dynamic pressure, and injection angle. Although
there is some variation in the profile shapes presented in figure 11, there is no evidence
of a systematic effect of &5/D.

Nondimensional vertical total-pressure profiles are presented in figure 12 for each
test and for a representative boundary-layer profile at the injector station. 1In figure 12
the height dimension is expressed as a ratio to the height of the outer edge of the mixing
region or for the boundary-layer profile, to the boundary-layer thickness. Each mixing
region profile exhibits a marked reduction in pressure recovery over the boundary-layer
profile. Of course, the mixing region is considerably thicker than the boundary layer so
the boundary-layer curve does not show the true extent of the pressure deficiency that is
shown by the integrated pressure recovery. (See fig, 10.)

11



APPENDIX B
FLOW CONTOUR

Mixing region flow contours were constructed by cross plotting the vertical and
horizontal survey data. Contours of hydrogen mass fraction, hydrogen flow rate, airflow

rate, and mass-weighted total pressure (pV ppt are presented in figures 13 to 16,

£,

respectively. The mixing region edge corresponds to the XHg = 0.005 contour, denoted
¥y = 0 in figure 13.

The hydrogen mass fraction contours (fig. 13) were used to determine the penetra-
tion and hydrogen mixing rate as discussed in the test. In addition, these contours show
the effect of /D on hydrogen lateral spreading. One method of measuring the lateral
spreading is to measure the width of the 10 percent of maxirrum hydrogen concentration
contour at the vertieal position (Z/D) of maximum concentration, Lateral locations of
10 percent of YHy,max are noted in figure 13 by the vertical dashes on either side of
YHy,max- By using this 10-percent procedure these contours show a significant decrease
in spreading from the largest G/D case, 5— = 6.25, to the 3,16 case, and then a con-
tinued, but modest, decrcase in spreading v the smaller 8/D conditions,-

Hydrogen flow contours {fig. 14) were integrated to determine the accuracy of the
sampling procedures by comparing the total hydrogen flow rate in the contours with the
hydrogen flow rate measured by the orifice meter in the hydrogen supply line. Results
of this integration show that 80 to 90 percent of the injected hydrogen was accounted for
in the mixing region, This result is typical of this type of flat-plate mixing study.

Airflow contours (fig. 15) and mass-weighted total-pressure contours (fig. 16} were
used to determine the total-pressure recovery, as discussed in the text. The airflow con-
tours were used to determine the total airflow in the mixing region and to define the undis-
turbed airstream tube at the injector station which supplies air to the mixing region, The
airflow contours also give an indication of the effect of the jet on the airflow. All mixing
regions have relatively low airflow in the center (at the point of maximum concentration)
and return toward a typical (but thick) boundary-layer distribution near the sides, The
contours for the larger 6/D cases tend to simply decrease from the center outward,
but the smaller §/D cases show more flow distortion as indicated by the sharp dip from
the center,

12
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20.09 3,72%
20.98  3.76%
20.00 3,746
204,13 l.0d0
20.08 b."30

20.02 1.919
2B.T3 3,081
29.00 3.255
28.89 3,201
28.13 3.093%
dd.52 2,.A07
204,463 3.33Y
20.33 3,174
26.4T 2.889
2338 24440
2046 24044
20424 1,993
1495 2.293
Za.Tl  2.4462
27447 3,078
28.43 3,274
.68 3,223
2B.6L 24134
.13 2,908
2HL.B6  3.003
Zu.91  3.002
28.95% a.027
29.40 3.054

Qe o 49781 AANDA = LhGa%
GAMMA AvG, TOYTAL YEMP,(DEG.RI Tarat, PRESS.IPSIA)
1,407 521 41452
1,399 531 244472

GXM =  3,3192E-02 AIRMFR = 2,2894E+00 AKAH = 3. A0B0OE-GY

X ™ ¥ RHOVX X1 LGX RHDY X E=4X) PRM
=0EL.Re=  FT/SEG SLG/SUFTSED MASS FR, AIR MASS fLUA

529 44B  1L1T7449 2724 4.6041F-03 2,2}138K-02 2.b434F-0] 0L70
528 413 1375,39 #1440 TL.2TA3E-03 2.T691E-02  3.3446E-0) LALaY
524 Y406 AT54,.61 +4902  L.ETSHE=02  3.04Y09E~N2 482 THE-01 02004
§28 320 l0d7.36° L5670 L1.%0568FE-D2 3,2466E-02 S.4457F-0] L ES 1
B2n 302 L972.48 6234 (LOT99E-02  3.319YE-02  6.024TE-DL 459
528 295 2049.27 6892 1, 2460C0-02  3.3193E-02 6.4620k-01 VY]
B2 26% 2111,31 «IT728  1.08404E-0D2  3,118246-07 T.48736-0) 0720
528 250 2151.44 «8492  L.ABY2E=-02  2.9136£-07 B.2eslE-0L LOb2
528 23% 2172.99 SHE10 L oBI0KE-D2 2,71 TUE-02 B.6627F=-01L L 10a0
LRIV U A N LY Y [y UAHBR=O0 T 4200 =02 He X bl omry) abtan
529 222 2168.90 L. 0996  L.6HOZE-OZ  2.0016E~02 1,01 7BE+O0N 1309
529 212 21%3.68 L1eL3086 [W84100~02 L.O5T7GE=02 p.L11YEs0D 158
530 202 ZL36,095 1.2411  LLU4SYE-02 1L.Z0HSE~-02 1.22810+00 RUEPE)
530 18 2133,4%F  1,4083 8,4737¢-03 T.H143(=-013 1. 30728400 2B 05
B30 169 244,14 L.5623) 5,65U0E~0) 4.5%633E-03 L.610YE+D0 V3530
531 154 21 60,50 L1.854% 3.2904E-03 2,32HLE-04 [,09276+07 VAYBE
531 te4s 216%.96  2.0528 |1, 4A9EHE=O  3,56491%-04 2,09000¢00 LAlUh
531 1%1 21&68,78 241707 4.8901F-04 2.9%036-04 2.1T01F+00 [rosn
531 139 217t.795 242357 J.00320~0% S5.HTG4E-05 2,72104F+00 2« 7529
531 ¥3T7 2L74,14 2.2849% O. Q. 2. 2HOAE 400 LT
5S¢4 J08 1946413 AB051  1.5202E6~02 3,2901E-02 S.,89211-0] 063
N8 293 2012.66 WhHSTY L E6TIE=-02  3.31YYE=-D2 6.3593F-01 «0%11

527 303 1969.22 6196 L,5881E-02 3.34846E-Q2 5,90090-01 « 0454
530 183 2050.78 1.2664 6.9042€-04 T,1321C~-04 1.2655F+400 2255
530 M0 207v.le l.281F 0. 0. . L, 2RI TE+OD 2082
530 L74 2071.89 1.2928 2.9155E-04 2.9503E-04 1.2924L+00 £ 2574
330 L82 2053.46 11,3068 T.U0248E-04 T, 1321E~D4 130597400 e 2355
530 206 1987.R2 l.lH6T  1.123TE-03  1,2599E-03 1.l&a%3L+0n ¢ LH00
530 lé4  2108.93 L1.5397 |, [239E-03 9,5491F-04 .5382F¢00 L1508
530 162 21206449 Lu64%50 2.2190E-03 L1.T545E=-D3 1. 6SZLIE+0D -3Y15
%29 L98  2085.22 1.308) T.12B7E€-03  T.1289FE~03 1.Z29808E+00 L2017
320 235 006,40 WPUE L ABHNE~DR LA TROHF=02 9, (160001 R
921 201 2018.51 PHUST 1, 634BE=02 3LE18YCE=02 6.64FIE-OF PLETY
527 293 2001,34 6570 1.8234E-D2  3,23226-02 6,35H0F-0) L0500
521 25T 2060,90 WHG22 1 .S5442E-02 2,3985E«02 B8,2204E-0¢ il 3
528 218 Zo#T.0% 1.1290 1.1182E~02 1,29%E-02 1,l144t+00 REED
529 183 2095.27 144704 4.6TOUE-N3  4,159%E-Q3  1,.4643F+00 w2H6E
S30 1679 103,34 1.61M6  1.8555F-D3  1.5062E-03 1,404928+00 « 3465
530 LT2 2083,70 1,4747 9,3949BE-04 BeI3HIE-04 La4T35E6+09 IR
530 213 1965%.22 1.025C A, 734LE-04 L.O0LSPE-03 L1.12305+00 LY
530 191 2004,29 1.2109 &.L0VSE-D4  7,13216-04 1.721000+00 . L2

530 Mda 20%1.92  1.23%9  3.3481E-0D4%  3.9%40E-04 1.2354F+00 « P50

530 189 2025,85 1.1739 2.11SHE-C4  2.35TRE-G4  1.L7365400 1 3a
530 ld¥ 2030.31 L.ET2H L.G54dE-D4% L LT6LI-04  L.17270+00 107G
530 185 2036.04 1.1B3! 0. 0. 1. 1683 +00 » 2064
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Test 1 - Concluded

¥/0 /D
COURDINATES
~0.00  1,7909
=120  1.Tt000
=11.52 l.0900
=114 1.0900
=8.TA  1,0h90D
~T. 49 1.0%00
=5.94 1,000
=4.58 1.M12320
=3,02  1.1900
=1.70 1.n%00
=0.00 11,0909
.65 L1.0900
LN L
a1 10000
9. 09 l.0900
Te26  1ef1900
8.7 1,903 -
10,14  1.0%00
1t AN  1.N090%
13%.18 10900
=00 5.00N0
=S.01n  5.87N0
w302 Saf WD
1.0  S.A920
wla R4 Ga RI0N
-39 5.68°003
=G, 0 S, 0
tan9 A, 000
2:N3%  SaA900
Y07 %5.8903
A3 BeNGHO
s SeRIND

K
»L FR,
<2175
Q.{00C
+CO0E
«0025
+{CY]
JSLTC
L2556
{228
L5580
MY
« 208
L2100
W lb4]
L]0
«Ldnt
229
204
o118
L0134
o.{00C

1718
C.C000
(085
«0307
(990
« 1069
1681
«l4aq
(901
0350
L£C59
0.C000

PF2X
P54
6,450
10.1%0
LC.200
10,400
1C. 2310
10,640
10.220
l4.600
12,159
10,2490
1. 780
8,220
1044170
12,020
13,200
12.002
9,390
10.300
9.300
10,290

le.920
32,390
10,170
264540
20.680
L6.250
17450
14,050
20,600
25.000
29.800
21.000

TABLE 1.- TABULATED DATA — Continued

Plx

PSIA
1.640
1.344
1.348
1.365
LablL?
L4T4
t.479
1.533
1.60¢
Len20
14640
1.640
l.422
1,605
1+ 571
1.504
1.A/98
1a641
1. 400
t.379

1.617
La4l4
1.498
1.565%
1.609
1.618
1.&47
1.615
1.6%20
1.617
1.545
1,462

MuX
MOL WY
20.43
29.00
28,498
28.93
24.75
28.5%
28,31
28.31
27450

259,06

2le42

2k.72

2halil
27435
20,24
28,38
28,45
ZH.b8
28.91
29.00

24,36
29.00
24.17
28.17
26,33
25.04
24,46
25.06
26.57
28,06
28.84
29.00

MY
MACH
1.630
2o 343
2143
2.3%%
2.2491
2.28%
2.213%
2.651
2.350
2aldn
1eBLS
l.872
2el5)
24312
2ot dl
2,412
2a b2l
24215
2,187
2.329

2.70%
4. 116
3.910
3579
3,101
2. 97
2.830
¢.E81
3,004
l.413
3,811
4.01%

TTX ™
-DEG.R,=-
521 343
530 2%2
830 2%2
%30 292
530 254
530 259
530 265
530 220
s29 232
529 216
S27 37
527 a0
528 274
829 254
530 238
§30 265
530 219
530 20l
530 271
530 2b¢
534 209
536 tz20
53y 132
536 151
535 183
535 199
534 205
$3% 201
535 lds
536 161
536 137
B3y 127

X

FT /5S¢

1764.37
1626.63
182744
1831.01
Lb14.97
1Biba2H
103,64
1950.69
IB79.38
L7002
la4i.ny
186565
l0d¥, T
1873,43
taav. 02
lda9.08
[T51.6%
1BCU.b2
1T06.27
laly.1l9

2153.32
223b.41
2210.57
2181.40
2156.41
2157.048
2162443
2t57.18
2l43.00
2156.:0
2193.1%
2216, .49

RHOVX X1
SLG/SOFTSEC
24937 1.1964E-D2
«AL78 0.
-B183 3,6757E~05
L8330 1. 124BE-0%
«H303  4.L451E=04
.05%6 T H392E-D%
«08240 1.145BE~03
1.1131 1.5460E-03
9500 R.9anbLe0d
2FA5T  Tataink-03
«591lts  1.194T7E=-D2
WBZLF he LOVGE=D2
JH03L T, 1306E=03
« 9397 3. F294E-04
Lo02&H Ly 57ITE~DD
«0445  1,1769C-013
2774l BeS4LYE-04
«HI13 54290404
v1641 14 3TTZ2E-04
L8243 0s
Lat745 1,2837€-02
2.2212 Q.
2.087L 9,5102E-0%
LaB861T  3.1242E~013
Lak463  Haa2464E-Q2
1.26491 1.1542€E~-02
L.2080 L.2BB4E(D
1.24579 1.)1354[=02
144497 Tohl&WE=-013
1.7601 3.400)E-D3
2.0607 6.5582E=0%
2:1%l6  Q,

GX

MASS FR,
del2BE-02
[«

5.0TH4E~Q5
1, T665F-04
6,3310E~04
L. 1986E-03
l.H] 70E=-01
t.oLfOE~02
o OBYUDESDS
LalTa2e-02
2a64196-02
2:+5063F-02
lJ26USE~D2
44950E~03
240060£-07
14630lE~03
{atraagE~D3
Ba3IHLE~Qy
2,35 TUE~-04
0,

Lo4214E~02

L]
S+9ILLE~O%
2.1943E~M3
TeB7T4E~03
l1.182BE~02
Ly 3d50%~02
1.1T42E=02
&.A334E~012
PeSLR4E-D)
4. | IBYE=D4

0.

RHOYRE{L-GX)
ATR MASS FLOW
448312E-0L
8,1783F~01
B.t8245=0}1
8,3243E-01
B, 29T4E=01L
HaGabhaf=01
Ho?30 (=01
let1L1If+00
Yy HfafIyll =)y
Tadh3I1E-0L
5.75%3E~01
ha132E~01
TeUIONE=QL
2,1%43E~01
leD24TE¥0Q
Pk XTIE=Q)
Taf297E-0L
Ry 3005510-01
Tab394E=0]
B.Z2UB2UE-0)

1.45T18€+00
2,22 2F +00)
2,0859€+00
ls b4 T6E+00
1.4393E+00
12541 €200
L2 19126400
1.2428E200
b.%393E+00
Lo T55GE+0D
24059YE+Q0
251414E+00

PN

£ 02792
0726
Qe
aNT4b
3707
Q722
PLEY-TY
ali2h
PEIE NS
205826
<0187
a2
eUb4Y
LA
MLEE]
PULEL]
PORET-
R ]
+ X338
0122

1722
LD
18102
+ 9165
WA T59
o P Dk 2
e lONE
2 19494
s 2100
« 4374
« 7306
90097

P



Test 2 survey 2-1-120v
MOLWWT,
JET GAS 2.014
TUNNEL GAS 29.000

RHOY) = L1.2799E+DQ XN =

Y/n e K PY2X P1X
COUORNINATFS ML FR, PS{A PS1A
a,00 20000 slaTe a,n50 1,575
NLAN Lea0f)  LLhRB 3,100 1,575
N,N0 2,530 L1AR?  A.0S0  1.1R6
1,00 1000 L2067 7,753 1,848
P 2 B P (e T s 21395 A, 250 1,989
D00 AGOD0 L1949 9, TAN 2,006
n.00 T,a000 195 14,250 1,706
.0 AL2N00 0 LBiF0 20,150 1,885
.07 G 40A0 L1386 23,950 1.4AD
A9 180900 L0174 27,250 1,442
n,A% 17,6000 1063 AN, 150 1,645
.00 11,2000 L0024 11,400 1,640
1,00 1, 2000 O.,0000 2,120 1.4348
2,90 AL 2146 R,200 1,994
Q.00 5,.2000 L?lek  8.BN0 2,074
—0,00  4,4000  L,?t1HS A,180 1,912
=10.13 4,4000 0Q,0000 15,140 1,604
~9.01 4,4000 L0035 14,7990 1.620
=8.10  4,4000 LNOT0 15,000 1,t44
=T.00 64,4000 L0158 16,180 1.65F
~5.91 4,5000  LO%18  15.700  1.A%2
= T9  4,40A0 L0542 14.R30 2,080
=3.52  4,40060 L0526 13, k20 2,071
=2425 4.4000 SHATB 11,240 1,940
~.%9  4.4000  L,19A89 0.020 1.923
-0.00  4,s0n0D L2125 B, 190 1.9¢2
1.13  4,40nQ0 1899 B.AS0 2.020
2.39  4.4000 G1459 11,020 2.02@
3.52  4,4000 L1044 12,610 },pA81
We 50 4.4000  LDalTH 13,970 1.779
$.77 a,4000 L0145 15,130 1,722
6,9) 4, 4000 fOLT76 15,610 1,704
7.88 4.4100 L0070 15,700 1.697
a4.72 4,.4n00 SIS 15,8600 1.642
F.57 44000 LDODT AR,P20 1.619
10.55 4,400 0.0000 15.040 1.875

L1

TABLE I.- TABULATED DATA — Continued

SPECIFIC HEAT
3.4130
»2400
1.0337£-02
MRX M
MCL WT  MACH
26,47 1.041%
24,44 1.054
23.92 1.732
23.45 l1.807
23,08 1,682
23.63 1,842
75.78  2.473
2T.446 ?,.97A
2R.09 3,272
28,53 3.514
2B,R& 3,725
2R.93 3.p10
29.00 3,8%%
?1.21 1.719
23.14 1,703
2%.10 1,682
29.00  2.441
28,91 2,611
28,A1 2,592
PRLAT ?2.5h4
20,14 2,422
27.54 2.2R4
26.50 2,175
25.01 2,010
27,63 1,793
23.10  1,68A
23.61 1,736
25.06 1.959
26,1 2,198
27.17  2.393
2,07 2,540
284,53 7,%91
PRLAL Z2.b14
28.91 Z.414
20,98 2.983
29.00 2.570

Q/Q1 = «9730 LAHDA = #5547

GANMA AVGL.TOTAL TEMPLIDEG.RY  TOVAL PRESS.LP51A}

1L.404 536 47.12

1.399 545 248,97

CXM = L.9ETTE~-0Z AJRMFH = 2.2101E+CC AKXP = 2,19826=-01

T ™ vX RHOVX %1 GX AHOVX*(1=-GX} PRM
-DEG.A.- FT/S5EC SLG/SCFYSEC MASS FR. ATR MASS FLOW
Sa4 44T 1171.06 L2056 A.0888E-03  iJ3RANE-D2 2.8107E=C] 0123
543 445 1186,21 22901 3,1559E-03 1,39296-02 2.8404E-0Q1 0125
A43 339 }1721.24 24812 6,035TE~03 1.585TE-Q2 4,7545E-C1 .02A9
543 228 17TR4.08 LHLE2  B.4C0SPE-C3 1 .THB9E-02 5.5740E6-01 0388
543 347 1719,085 «6599  9,8BTZ2E~03 1 91TTRE-02 &.4T723E-C1 «0304
543 3723 1797.74 »76%4  1,0119F=02  1,6966E~-02 T.504DE-01 L0404
544 P48 2CC9.70  lu04&ET T A424F-03  S.2474E~C3  1.0347E+00 L1122
G446 196 210N,49% 1,4422 &4.TICSF=03  AL1BOTE-03  1.4341C+00 <2420
545 174 2144,.,93 1.6904 2,1039E-03 2.4100€=02 1.5043C+00 «3A712
45 157 2176.17 1.9041 1,8509E«03 1,2440E~02 1,9C19E+00 A22h
545 145 Z219R.46 2.0522 6.,0CS51E-04 3,6TE3E-04 2,.0914E+00 26918
5645 140 Z2208.71 2.17V) 2 1C€2E-04  148322E-C4  2.17C96+00 JTThh
5% 13T 2212.9% .21 0, Q. 2.2101E+COD »8709
543 341 1730.42 #6625 6,50 4F~-03 1.A430E-02 b&,4030E~01 0388
843 347 170,63 «7018  1.0737E-02 1.A853E-02 6,R856E-C1 - .0414
5§45 348 1721.07 W53 9,T4L0IE-03  1.9049E-02 6.4131E-01 L0381
547 229 1955,43  1.,1525 C. 0. 1.1525€+400 1371
S4T 232 1949,33  1,1418 2,1R16E-04 Q2.4456E-04 1,1415E+CC 1323
547 234 1946.29 1.1434  4.3881E-04 4.9122F-04 1.1428E+00 1303
547 234 1945,05 1.1%4% 1,0CA1€-03 1,1177E-03 1.1537E+00 1287
547 252 1910.51  l.i70) 2LOPGLE-03 2,2TAGE-03  1.1684€+00 L1162
546 246 1877.69 1.1%35 3.5T49E-03 A,97U1F-C3  1.14R98+00 +1011L
544 2Rl 1R&6.T8  1.05R0 S.A206E~-03 T.0414E-03 1.CS06E+D0 +OBST
245 299 1851,0& «PT05 B.1025FE=-P3 1.1914F-02 B.EO12E~0L -06139
545 311 1TT1.48E JT038 9,3206E-07  L.AT6EE-02 &.%1804FE-Cl LDa40
545 34T 172%.08 w6537 9,7T3IG0€E-03 1.9049F-02 &.4123E-01L 2034872
a45 340 1TIT.38 STCE%  S.4202F-03 1. TOGARE-02 £.54785-01 D423
545 N9 1B17.07 «A657 T,9376€~03 1.1736E-02 B,5549E-01 0599
S46 278 1PRRAL04 «971Ct 4,1053E-03 0.055)1€-C3 49,62306-01 000G
546 255 1932.56 1.0624 A4 NTONE-03 5. 0334E-03 L.LSTLESLCE <1035
547 279 1954,19 1l.1461 2,2100F-03 2.4TT0E~03 1.14330+00 - 1260
54T 2313 1957.26 1.1825 1. 15C3E-03  1.2440FE-02 1,1820F+C0 13561
SaT7 231 993,41 1.193%  4.SB04E~04% 4.9822F-04 1.1%29E+00 «1389
547 231 1950435 L.lE?8 2.2495E-04 2.4456E-C4 1,187SE+0( + 1381
547 235 193A,02 11,1647 5,5456FE-0% 6.0945E-05 1.1644E+C0 «1313
547 236 1533.06 1.1532 0. 0. 1.1532E+00 2 12R4
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Test 2 — Concluded

¥in L
CONRAINATFS
=0.,00 72,3000
=10.52 2.39040
~9.29 2 3009
~1.80 2,2000
-4.7¢ 23000
=5, % p.3000
=L,. . 2,3000
=320 2.3000
=2, A.vang
~1.13  2,30n0
=Q. 12,3900

1.0, 2,300
2.7 2.3000
S‘Ji #4000
Y.t 23000
G.93  2,3000
6,33 32,3000
T.ha p.annn
8.49 37,3000
9.57 72,3000
ll.41 72,3000
11.39  2.3p00
~0.03  R,20n0
LT 42000
=4.62 P.2000
=5,.91 A,2n0n0
~4.%33  p,20C0
~3.94 R.2000
—2.9% A, 200
~2.11 9. 200
-1.27 4,.2000
~'e ke 2 A.2007
w48 A 20040
1.1y w2000
1.97 a,2nnQ
2.96 &, z2nnQ
.89 9,27900
.93 p,zo0n
£.19  m,20n0
T.46

A, 2nnn

L3
HOL FR,
1H72
Q000
RUtLE
LOL5A0
L0108
Q524
0006
<1120
LAT74
« 1650
«lB72
otata
+L3A3
1074
0161
20457
PLEEDY )
LOLTS
¢O1IIHA
L0035
G009
a.,60Go

«GRTQ
G.oGo
L0018
AR
PLITT
40220
sac?
LYY
BH740
TN
SLHHD
ENL
a0k
TS
L0800
FPULER
FUNETY
O.G000

PT2X
nETA
5,600
ALAND
A, 650
590

A.A00

9,000
9,120
A.790
B. 060
5,600
S.600
6.400
7.590
A,260
fl.6AD
9,00p
9,310
9,560
9,260
f.940
8,740
R.750

14800
2144730
21,210
2ELBHD
26,310

25.000

22.540
20,459
1R, 2%H
Th.END

14, 7K0

17,640
19,840
2Yi54N0
23,000
24, AND
264400
27.550

T

TABLE I.- TABULATED DATA — Continued

P1X
PSEA
1,449
1.4671
1,719
1713
1,811
1.782
1.521
1.180
1.474
1.540
l.680
1.574
1.71¢
1,96¢
1.A60

1.8314

1804
1765
1.742
1.727
1.719
1.705

14692
1.57%
1,566
lat15%
14640
1640

RFLIAN

1.€4€
1:687
Tannd

1i6n7

Teshy

{a6871
1,400
1:489
{ean9
i6EE
aQRQ

.

1

M X
MOL WT
23,95
29.00
28,06
28,57
28,17
?1.59
7.2
25,98
25,29
24.5%5
23.95
24,47
25.27
26,10
26,97
21.66
7haly
20,53
2R.76
28,91
2A.98
29,00

Pl
29,00
28,48
?8.8d
28,12
FI-PL3
27.90
27,49
26:9%
PHLh

26,61

26,R3
21.31
27;“1
2R 14
2d.n2
2P ha

_?Qaqd

MY
MACH
1,614
1,922
1,066
1,434
1.841
1.401
2.04A0
2.128
1.964
1.714
1,607
1,643
1.712
1,745
b. 799
1.862
t.211
1,959
1.947
1.907
1.868
=896

2, 7t0
1,824

3,601

V1,542
3,474

ErELE]

Y. r10
3047
2inhy

EFREL

2124
3745
2,948
100
3,798
3:121
L FESL]

3.5

¥

TTY T
=DEG A,
543  AKT
47 143
547 3214
LTS ¥
546 224
S4p 220
§45 29
545 284
Shé e
543 240
543 350
543 350
Sh4 A4
§4%5  33c
545 33}
846 327
S44 21
547 309
547 1t
547 217
54T 320
5471 31n
R44 271
s4d  I[41
54% 153
548  [5
548 160
947 1éa
547 Y719
547 161
LY 207
Has 211
348 219
Shs 214
s47 204
H47  tav
847 14n
548 17¥
548, 143
k. teq

T

v
FY/SEC
1643,78
1h63.99
1645,71
1630,41
1651.25

16/ ,25

1rO5.7A
1866.07
10034530
1444.18
160,00
165044
1H6%1.99
1467 .57
1642'.81
1476,74Q
16B0.51
1701 .84
1689,18
166430
1651,68
1658, 80

205q‘05
1A,
280,71

217,94
2L4t.h9
Hlal.TE
2U41,4H0
2120.0¥
092,42

20aT 24
065,08
r075,11
209,62
2121.29

2129;91
2141440
215303

edi3

RN Y

RHOVX Xy
SLG/SOFTSEC
+463)  5,6443E-03
JT4TH D,
#7126 2.0d20E-04
7167 6.3629€-04
oThSY Y. 2PITE-03
aTE25 2,22626-02
27204  3,4C226-03
26012 4.57$1F=03
5362 5,3852FE~03
5408 5,.6R13E-03
SHE4]l 5,6534E-03
05292 5.65B4F-03
«6105 5.3791F-03
A1l 4,43CTE-D2
27301 3,16%26-03
JTHAT 2.1409E-03
7861 1,3B8%2E-03
LA02h  T,T1EHAE~O4
JIFBE 3,.T400E-04
21607 1.4375E~-04
«T470  3.51531E-05
M % I
142142 b.1844E-04
.94t 0.
L9000 T.T9058-04
YaBP9C 4 ,440RE-04
ts940d 1ig547-01%
147547 Z.1Y0BE-03
1,5893  1,4153F-03
1.4532 4,8Y02E-d?
1:3068  Sstal2E-01
1.2149 bol244F~00%
Le21td  £E42%3176-03%
1.2960  5,A749E-03
143878 Lirnzéc-0d
1:5343  3;7247F=-02
1i632]  J;tce9E-03
1;765917  Y:%a126~-01
lefiald  4,39928~04
1.9354 geflor

LT

[ PR TR

ox
mASS FR.
1.575RE-02
f.
3.4763E-04
1.1172E-01
2.2131€-03
A.83722E~-01
6.0587C=-02
8,69496~02
1.0960F-02
1.3950F=02
t.57560-02
1.3R31E-02
1.1037E-02
H.2936F=-013
£ £162E~C(2
3.6250E=03
2.2TH9E-C1
1.2440E-03
b6.1534E~-04
Zohb456F~C4
6.094%E-0%
a.

$45041F~01
a,

1.2702E=04
3.0401E-04
To40COE~-04
1.5435€6-01
2.9444E=-01
4:110TE-NT
L. 6087E-D2
G500
4, 6559E-07
6.0581E-03
4¢4623E-03
1ibaT0E=-01

Pila15E-01

4:9092E-C4
3:0603¢-04
o

RHOVX#EL-EX)
AIR MASS FLOW
44 5HC2E-01
To4T45E=01
7.3233E-01
7.3590£-01
T.4T4TE~0)
7.4950E-01
1.2197€-01
&.7531C-01
6.2920E=01
5,3311E-01
4, 56T6E~C1
5,2180E=-C]
6.,33506-C1
4,85326-01
7.2590E-01
T.6119E~01
1.8447E-01
B.C130E-0}
F.BTS6E-01
7.€C13E-01
1,44683E-01
7.4703E-01

1,2082€+00
T.9141E+C0
1.4998F +00
Yo BTR4EOD
1.8432E4C0
Te1520E+00
T.5E52C+C0
L, 44626400
v, 29936409
V.2t06L 400
1.2035E+00
1.2404E+00
1.3016E+00
L.5254E404
I.6206E+08
Y. 74346408
I.A603E+00
%.GjSQEoQO
R [}

PRN

«0253
20467
« 0439
«0%24
(1445
T
«0532
.0538
Q430

L0312

L0252
20296
«0350
+0398
«0429
Lab5
0494
L0521
«0505
20470
0454
046457

+1608
«5174
LEEL4
a 5204
«%802
«4288
+3312
+2609
BLEL
1650
elini2
1774
« 2266
22083
+ 31338
s4C21
4719
«5291
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Test 3 Susvev 3-1-120v

MOL, WY,

JET GAS 2,08

TUNNEL GAS 29,000
RMOVY = {,0630E+00 X1M »
Y/0 1D K PT2x P1X
COADRDINATES,  MO{ FR. PSIA PSLA
0.00 2290 L2002 4,0RT 1,330
0.00 1.4750 .2609  A.03h 1.3230
0.00  2.22%0  L2TTR G,459 1,325
0.00 2.725C L2073 9,367 1,325
0,30  3,2250  ,2A58 A, T9) 1,300
0.00  FSTHL L276H 9,563 1,3A0
0.0 52250 L2207 11,730 1,365
0,00 6.2250 L[99 [5.038 1.378
a.00 W2F9C L0679 20,647 1,355
0,00 H.2750 L0396 25.5%5 1,345
0,00 9.274%0 0,0000 24,972 1,358
~C.00  3.22%0 L2858 B.TBl L 200
~11.29  3.2250  0,0000 17,131 1.17%
-10.69 13,2250 20309 17.n63 1, Llu0
-9.21 427450 +0MT 16,928 1,225
BT LI P11 Q069 10,084 ), 2499
-5.C6  1.7250 «0233 18,856 1.470
=3,T1 31,2250 JOFNO. 15,935 1,405
-2.70 3.7250 L1373 12,281 1,365
—la69  3,225C 0 L2120 11.3%%  1.370
-k 1.2F50 f2TIR. M,293 1,400
S0.00 3,750 L2asid B.TS1 1.280
G 3, 2250 2638 9,640 1,295
Vek2 3,2250 #2091 11,628 1,380
A.8T 3022500 L1097 150366 1,530
aHh 1,350 05T LT TTG 14435
H.01 .225 SO3B6 19,538 1,3IR2
Tahl 1, 2250 0024 §9.04B 1,340
Hal8  1.2250 0017 1R, 239 1,325
TLHP O ALP250 0 L0009 1TF.429 1.3
FEa29 32250 6,90300 LT 4B 1,265

TABLE L- TABULATED DATA - Continued

SPECIFI HEAY
. 414690
2400
LapI2TE=02
MW X HX
LHMOL WT _MACH
23,30 1,407
21,96 1.895
21,50 2,299
2le34 2,127
21.29 2,208
2le4R 2,255
23,04 2.516
25,49 2.847
27. 7L 3,990
ZALTT 3,05
29.00  3.,886
21.29 4,897
29,00 3,308
28,98 3,297
28,95 1.220
28,81 3,251
2A,37 3,098
2Tl 3,004
25,29 2.512
23,28  2.4n87
2Llabl 240K
Zh.29, 2,225
21.08 2.325
2336 2,484
26,04 2,724
2T a5 3,042
28,71 3.263
28,91 3,209
20,95 3,214
20,98  3.151
249,00 3.221

Qi/atl = 1.0052

LAMOA = 25489

GAMME AVG.TOTAYL TEMP,IDEG,R} TOTAL PRESS,IPSTAY
1,405 541 9.3
1.39% 541 200.8%

GXM »  2,7061E=-D2 AIRHMFY & 1, ,R&46E400Q AKAN = 2, B5TTE=DL
rx, . Tx vx RHOVX R 3.4 RHOVX*[1-GXY
=YEG.R.~ FTFSEC SLG/SQFTSEC MASS FR. AIR MASS FLOW
541 T LS10,5T7 L3513 5,9303E8-03 1.7946F-02 3,449TE-0}
S41 315 1992.14 L5080 )|, 1464FE=02 2,3947F~02  4,956T1F-N1
B41 263 2120404 e6652  1.6320F-02 2.6039€-02 6.488T7E-0L
B41 284 2045424 #5910 1,4902E-02  2,6AN03F-02  5,71514E-21
541 Tk 208H,42 «0120 1,55ROE-02 2,TNGIE=Q2. 5.9541F=D1
541 26H  2101,30 wbBAT  1.63DTE-N2 2,6165E-02. H.46326-01
ahY 230 Z135.61 «BLEB 1,.4RL109F-D2  1.,930AE=07 B.0007F-21
54} 206 213%.86 1,0540 1.018AF-02 )| ,0275F-02 1,0431F+)0
S4F 1héd Z2LThelT 1,4425 & .T2446-03 3 ,40]15F=~03F 1,6275F+D0
541 140 22D4.62 1,TT07 1,0045E-03 4,0301F-D% 1,T497F#)0
B4l 135 2209,06  1.0466 0O, 0, 14 BBHAHE QD
B4G 94 2T1b.4% «HINT 1.2THBE~-02 2.T061E-02 4.B5210-0L
S4h  1T1 21.09 ),221a O, 0. 1e?2214F#23
S48 LT2 2119,70 142192 6.B901E-05 5.9T36F~05 .1.2191F+2)
J5%A LTR 2104464 L,2163  1e3ITHLE-04 1.19A0E-04 1,21A1F¢)D
546 LTH 2ZL16,16 11,2931 S ABI2E-04  4,R140F-04 1,2975F 0D
546 18T 2098,79  1,2548  2.124AC-03 1.65TBE-N3  1,3525F+30
544 195 23,77 1.2031 5.92TAE 03 5,20TRE~Q3 1.1749F+3]
546 215 F067%.41 YyBADR  9,1152F-N3  1.0045F-N2 RA,T042F-D1
546 246 2116.55 #1943 LATATE-02  1,A3A0E=02 T,T9T4E-171
S6h 2T 201704 WhS0T LS TRMEwn?  PLRSATE=N? A VA2NFE=N]
546 PTh 21040,94  ,h006  LJRSINE-N2  2,.T061F-N2  §,971AF=01
50 262 21231.63 o6h4B  1,5296E-02 2,430BF~02 H,4RA2F-D1]
S4h 244 2117.54 HBENO 1 L,3HIPE~02 1.,R049E-02 T.9540E-D1
Bk 2720 20BA.57 L0973 A M2L1F=N3 N 49T0F«Q3 1 ,NAA0FE+)D
546 172 20429 1,262% 5.0514CG-03 4,2292F-03% 1 ,2572F+00
548 179 2120.37 1,3982 1,976 TE-04  LH.00F=04 1 ,3074F+2)
546 174 2116429 1.3624 I,0895F-04 2,%969E-04. 1.3621F+29
S46 170 210326 L,3111 1,40819F=04 I,.1960F=04 . 3110000
G4h 1R ZXHRGBE 1.2598  T.1195H-D5  S.9736F=05 1.7597F+30
544 17A 2113.09 1.2574 0, [\ 1.2574F+3D

PRM

N3
L0440
a0B23

w0629

0710
W (1 TRO
« 1397
200
LhADD
RAYD
» DRDS

EIFS

43394
323548
Le3117
+3419
3172
2597
L1302
L1
fN T
L0710
RULLY
1147
11 R5]

Le 2 RDY

43742
L
23342
230723
3772
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Test 3 — Concluded

Y/0 2/
COORDINATES
0,00 1,7250
=13.34 1,7250
=12.03 1.72s0
—1ll.l& \,.72%u
—9,22 1.125¢
~7.54 1,77250
~%.39 1.724¢
-3, 04 3,250
L=t 1.T253
~0.00 1.72%0
Lab%  1.7250
3,37 1.7260
8,24 1.Tif%0
.01 ) ,7250
N84 11,7250
10,044 1,725
12,14 L,7250
13,36 1,.¥35¢
~0.00  £,04530
=b.60 10104
=539 1,100
LS TR Y T
=20 |, 1pe0
=256 1, 1000
=lad2 gy
=1.21 ) 1o0n
=t h.lnon
-0.Nuy v, 101a
SHA L-luva
T.42 1 xano
2423y ,1h00
1.04 141000
1,491 1,000
4459 LLong
LaOT 1.L000

X
HOL FR.
« 2518
G« 0000
L e0TLT
0334,
+O0TT.
+Q1%0
Q452
PYT
e 2480
2618
«1900
+U9HA
W L7
2UL99
A0N4HA
+ 0034,
«0N17
20070

1239
£.0020
« 9004
2121
FLER T
+ {549
LY
LN
w1224
iling
sL152
#0925
als29
0387
QLT3
43
0.0

PI2X
PSTA
1307
10,594
10,253

10,449,

10.257
10, 540
11,664
11.426
A, 020
T.307
10,141
12.010
11.700
1ledds

19,739,
10,4849,

10.916
10,237

k5,115
ZhaI32
20490

25,199

22,789
20,321

17,814

6,291

15.3HS

5.1t

15,366
17,559

19,569

22.Q075
FL P EY S
2H 420
2T.127

TABLE I.- TABULATED DATA - Continued

P1lX

PSIA
1.32%
le 230
te260
1.278
1,355
1,350
1.300
1,350
1.520
L.310
1,412
1,390,
1,340

Led22,

14309
L,208
L,260

1,360
1,21n
1,230
1,277
1.395
1,332
1,349
1.350
1,360

A.360

1.355
1. 350
1. 345
1,337
1.325
1,325
b.a22

MWx vx
MOl WT  MACH
21.T7 L1.975
29.00 2,513
20.95 2,452
2849) 24945
2B.T9 2,332
28,49 2,187
2¥.78 2,409
25.87 ?.544
22,31 72,057
21,11 1.979
F3.BT 2,774
26,33 2,499
2Tellh 2,472
Rh kA 2, 4R
2R.TT 2.427
2421 2,422
2.9 A 4R
29,00 2,429
29047 2,875
29.00 A4 U10
28,95 4,046
2B.6T 2869
20,16 J.634
27,52 3,399
26472 3,144
26,11 3.0D1
26.69  7.6n0%
29,49 2,875
265.99 7,905
25,50 3,081
27,30 3,307
27,97 1,530
2A.53 3,760
28,08 3. .p95
29,00 1,947

TIX, §x%
~DEGR .-
543 305
544 241
Sh6 247
544 248
544 255
544 25%
Gu4 241
S44 235
44 294
543 304
544 7255
546 242
544 243
B44 244
844 240
844 250
a4 244
a4 250
J34h 206
S48 1724
fnh 1280
546 137
44 180
54k 1ho
Shb 183
546 195
S46 204
546 206
546 201
546 188
Sae 171
Gh6 156
RG6 14
B44, 134
546 133

vy RHDVX Xt

FF/SE0 SLG/SOFTSED

1350.37 25344 1.247T9E-02
1928,44 LR197 e

1999 ,44 «HCTT 9.0942E-05
RLEITN Y S 8153 L. D4N1E-04%
145%9,53 «A0S8  4.1137E-04
LATG, 42 w8242 1,0427E-n3
LIgH . 43 «8049  2,1337C-03
2049.,98 8605  T,9169F~03
1971.04 e 5A4A 1 (2V44F=D
1052,4¢% 5340 1.2689F-02
204PR, 71 w1209 1, 0D9719F=02
1997.61 «AA9Y b L314IDE-NY
1239,46% HATL 2 ,5400Fe01
191%,95 «RA09 1 16650-01%
ARBAHTS, v B3IAD 4, T58AF-D4
1Ao7, +8200  1.,8526F~04
Len0.41 e A403  9,462RE-05
AATY, 44 JHOLR @y

2104 ,A) 1.0514 l.OZElE%OE
7250,29 1,836 O,

2241.46 1,A098 1,0228F=04
222,25 1.7277  1,3058C-03
221270 14%672 3,1133E=03
L2133.60 1,4057  S,35040-03
2173,60 1.2374 T.4511F-03,
210309 1.1330 A,0555F-01
2153,37 1,0715 9,749tF=-013
J2154.83 1,08514  1,0221F-072
2146477 1.0739 9,11546-01
2167.56 141934  T,9420F=01
2EE5,401  1,3565 5,9607€-03
2202422 1,52489 3,969%%F-03
1A 1, T0LA {.9624F=01
222%.91  L.R204 B,14%3F-(14
227711 Laue29 D,

6X
MASS FR.
2.4795E-02
0,
L. 1960E-04
2.3969E-04
Sah214E-04

Le3436F=02

1:.2R0TF =03
1.0077F=02
2a?41 F=N2
24h 71956 =02
VoB04OE=02
TaShb1E=0%
2,018 603
L+40hK2E-01
6. 0QIF-04
20 39HUE=04

1:1960F-049,

0.

La0275E-02
a

B44TTIE-D4G

2e23109F-03
L 4.0215F-03

b ARSI E-DA
R.2618F-03
Dy61T4E-03
1.0275F-02

B.9725F-01%

F.0362F=01
4y B4LAF =0
2.,75176=03
1e?1R9F-03
79003004
[

*
549736205

RHOYX# (1=-5X)
ALR.HASS FLOW
542119E=01
LISLFATEL DY
0.CTHLE-OL
ALLG0TE=DL
Re0536F-D)
A.230RE-01
A.8199F-1)
ALI20TEDY
S.TIATR=0)
S 20 TF=01
TW1621F=0]
AyNI1IF-D]
LU TS VYR 3
By T98YE~DY
Ay 3T4AF-]1
LIYALFGER )
R, 40 4F-01L
B,0179E-0

1aN406F 3D
L, 8204F +30
1.8094F+))
1.7263F¢20
1.5654E00
Pe4NONE D)
1.2295F 20
1.12348400
1.0612F 20
l.D4NEF &35
1.0642F+30
1.1R850E+1)
1,3502F+3D
1.5206F+30
A 4H298F 4+
1+A120F+20
1o NG2YF 20

PRH

« 0494
1070
0797
1001
«935
LIS
#1175
1225
«NSTT
20400
»J91A
« 17201
1171
w1127
e 1014
« 0987
WL 0OHR
wOTHA

£2044
1.0759
9927
oAlf4
hON7
L4210
+3074
2470
2?1489
2064
£ 2154
ARN3
+IAAY
#5317
T26R
AT
7350
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Test 4 SuRvey 3-1-120v
] HOL MY,
JET GAS 2.016
TUNKEL GAS 25.C00

RHDV) = 1,(65CE+00 T =

Y/0 r/0 K eT2X PIX
COORUINATES  MOL FR. PSI1A Pata
0.00  «60NG 1837 40158 1.369
0,00 “1.1C00 L2019 4,990 1,372
0.00 1,600 L2182 R,IBZ 1,372
0.00 21000 <237 8,746 1,375
G080 2.6000 (2482 9,794 1,357
000 3 E000 L2566 9.502 1342
feNY  3.6000 L2455 j0.01& 14342
Be00 4, 100C 42477 104734 14347
0400 hyofi0f #2244 11,742 1,349
0,00 5,100 #1938 12,942 1.352
0,01 5,4500 L1478 L4814 1,360
0,00 A.1000  SLOTB 17.022 1,357
D, N0 BLn0A0 4 06T6 19,730 1,342
0,00 T.1000 L0349 22,590 1,322
Ga00  T46000 L0164 25.422 1.215
0,00 AL I00C 0044 27,008 1,307
0.00 Be65C0  1.0000  27.027 1,300
MO0 2.3560 2420 929 10365
0.00 2.950C L2576 9,390 1.342
.00 3.75310 L2576 9,11 1,342
0,00 31,8500 .25% 10,206 1.341
B.95 31000 040000 18,462 1,345
T.561 3.[000 «0019 Vlﬂcqu 1{3“5
.11 31000 L0037 19.662 V.340
S.66 3.1000 40056 20.286 14335
4.72  A1000 L0131 20.7118 1.337
4.t8 13.1030 L0226 20.7118 1,328
3,37, 3.100C  .0493 19,470 1,342
2.77  3.100C L0764 16,574 1,342
2.02  3.1000  L14t9 13,758 1,342
1,35 3.100C 1874 11,022 1.342
6T 3alD00 L2416 94102 1a042
~0,00 3.1000  «2631  B.514  1.342
-,67 3.1000  ,2545 9,150 1,342
=1.52 3.1000° 42099 11,166 1,373
=2,02 3,1000 41684 13,088 1,334
—2.63  3.1000 L1178 15,246 1,333
=3,37  3.,100C L0744 16,830 1,320
~4.05, 13,1000 J04l€ 17.838 1,329
. o=5.72  3.10D00 L0264 18,126 1.327
-5.3%  3.1080 L0160 18.078 1,322
~6.07 3.1000  .0094 17.694 1.325
-6, T4  3.10D00 .0056 17,430 1,325
—7T.4%  3.1972 L0047 L7.07C 1.225
—n.15  1,1003 L0028 l6.£38  1.7227
-4.75  3.10J0 0.0C0C 16,2307 1,327
“iohr Y1000 C.0000 14,206 1,327

TABLE I.- TABULATED DATA - Continued

SPECIFIC MEAT
3.4100
« 2400

1.5664E-02

FUX L4
MO WT  RaLH
24a04 1402
23.5% 1.890
23,11 2.08)
22,67 2.138
22.3) 2,227
22.08  2.2M
2ded1l 2,328
22,33 2,418
22,94 ?2.531
217 24657
25,01  2.B44%
26407 3,062
27,12 3,20)
28,08 3,571
26,56 3,B2D
26,88 3,961
29,0 4,031
22.47 Ra:ld
22.05 2,249
22.05  2.297
22,16 2,352

29,00 23.2C9
2B.95 3,271
28,90 3,322
28,85 3,282
284565 3,417

28,39 3,415

2767 3,107
26454 3.C15

26,1717 2,158

23.67 2.450
27448 2,211
2190 2,141
22,13 2.217
23,34 2,471
24,46 2,608
25.E2 2,518
26,99 3.CBS
27,68 3,183
28.29 3,210

28,57 3,209

2E.75 3184
2A.B5 3.139
28,87 3,105
28,92 3.062
29,00 3,029
29.00 2,020

GAMMA
1.406
1.399

GEM =
Try Tx
=DEG 4R
530 330
52D 309
530 283
Sa0 274
530 266
530 260
630 254
£330 244
530 232
30 219
530 202
530 104
530 1hA8
§30 148
530 115
530 128
5300 125
530 267
530 263
530 257
530 251
523 174
5213 173
531  L&&
533 182
333 160
533 160
533 a8
533 1A%
532 211
532 242
532 269
831z 217
532 260
532" 239
532 218
533 197
533 183
533 7S
521 174
531 1715
523 178
513 180
523 182
533 186
533 1e8
£23 109

AVG.TOTAL TEMP, IDFR.RY

vx
FTASEC

1470.88
1805464
192757
1970, 27
2020.12.
2059, 14,
200t .64
FIN TS
2123,48

2130,19

213,946
2146,59
2154, 85
2176, 47
2194,91
2201,39

2206,27

015,31

2049443
2071.23

2009,52

2075. 42
20Bl.T4
2102.06
2115.6%
2129447
2138.60
21463,83
2121.57
2106, 21

2065430
201T7.10

2009.62
2035.58
20RB405,
2115415
2126.08
2122.58
2110.50
2101.08

2089,95

2074, 50
2065.59

2057412

2045, 36
2035414
2032.93

R.3EELE-C2 AIRMFH =

RHOVX
SLG/SOF
+ 36866
«ShT4
ob26b
L6436
64671
«6794
S T0NT
aT494
«8145
A S0RD
1, 0398
1.1948
1.3514
1.,5800
1. 7696
1.87T71
1.9312
6708
#6679
« 6900

. T165

1a3448
1.3588
1a4174
RPLLLY
L4770

tea4707

1.37560
1.7059
3754
« 1869
L+ 6562
«h173

£6539

» 7893
L9216
1.08743
‘1.1955
1.277)
1.3043
1.3076
1.2801
1.2737
1.251%
1.2255
1.2058
1.1997

529
530

X1
TSEC

5,2A19E-03
8,8502€-03
l.1159e~-02
1. 25&9E-02
L. anQ2f-02
1. 4891E-D7
1.9301E=02
1.9644E=02
1.5096E-02
. 3899F =02
1,158TE-07
9.,30R3FE-03
64535AE-D
3, TOELE-D3
1.9219E-02
5.50820E-04
0. .

1.3523E-02
LL.ATITE-O2
1.5204E-02
1.5452E-02

Do

Le6533E-04
3.45TLIE-04
5,33436-04
1.2754E=03
2.2024F=03
4.6152E-0%
644800E-07
1. 0359802
1.2355€=02
1.3285E-02
1.4396TE=02
1.41626-02
1433171F-02
1. 1953E=02
9,2502F~03
6.20526-03
3,5900£-03
2.2065F=0%
1.37566-03
T 9004E-04%
4.LTCHE~04
3,R199E6-04
2.2193F-04
0.

0.

1.C051

TAMDA = +5409

TATAL PRESS.IPSIAY

39.
199,

1.9 2E+00  AKKH =

cx
FASS FR,

1.5403E-02
1.7283E-02
1.0021F<02
2.0ETLE-C2
222430607
22142 RE=C2
2.3303E=02
242714E-02
1,8716E=C2
1.6435F=02
141 914E-02
B,1271HE=03
S41697E~01
2,5077F=0%
1.1611F-0%,
3,17RAE-C4
O .

2.1709F-02
235548502
2.3554E-02
2.3053E-02.

0.

1.3023E-04
F b1L86E=04
3,9240E-C4
9,2423F=04
1.6029E-01
3,550 1E-03
5.T160E-01
1.136RE-02
1,468056~02
2. 669E-N2
2.47176=02
2,3119E-C2
1,8123E502
1.3882E=02
9,1980F-03
5,5583E-01
AL0CETF-C3
1 ATRBE-CA
1.1262E-03
645713E-04
3.9248F=04
V2669604
1.9557C-04
,0'

0.

09
91

2,5T61E-01

RHCVX#11=GX )
AIR MASS FLOW
3.6092€~01
Su1795F=0}
e LAGAE<QY
b J0OLAE~-0L
&,5214E-0)
baAISTE=01
GaPPZUF~01
To22THE~DL
Ay 0Z2IHE~DL
B,80)13E=~D)
1+ G2TAE+00
1L« 1B49F +00
Le3445E400
1L.5T6LF+0Q
1.T6T3IE+00
1.8765E+00
1:9317E+00C
&5626E-01
5.5220F~01
B5.T3156~01
6,995 TE=OL

114 4HE DD
La35686E+00
1-4170F+00
1.4541E+00
1.4756E+00
1.46A3F +00
1.3T10E+00
1.19090€ 00
9.6472TF-01
T«T163E~01
B4 ORF=01
6. f12346E-01
b6.3BTRE-OL
Te1496E-01
9,0879E-Q1
1.N664F +00
1. 1998E+00
1.273I3E+00
1.3019E+00
1.3041F+00
142A72E+00
1.2732E+00
1 251 EE+0D
1.2253E+00
1.2058F+00
L. 1997E+00

PRM

#0217
« 0043
617
« 0608
+ 0754
«0ans
P OETE

w007

« 1206
w1474
23975
+2715
«3737
#5187
$ 7834
#9439
» 0335
0740
20774
+DR3b
.a91a

«3357
3445
23943
e4280
« 4511
$4506
PELEL:]
P274b
«1093
+1C%6
«0727
« 0651
+ 0734

_«10RR

21521
e2154
$2754
«3169
« 3296
a3276
+3073
<2902
«28306
«2663
« 2537
« 2507



ée

Test 4 — Concluded

v 270
COORDINATES
13.49 1.,6000
12.83  l.6000
12.16 1.400C
1t.43  1.6000
10.76 Le600D
19,00 11,6000
9,62 L0 )0
Gebl t.0000
7.75 1.4000
&.91 10040
5,80 1.ACCC
4.12  l.6030
C3.71 1.A000
2,10 l.6008
letsgz o600

Wb} 1.6030
=0,00 t,47200
=1.01 1.4000
=1.26 16030
-2.91 1.6200
=4,0% L b0ODC
-5.06 1.4000
=-t.13 1.6000
«1.07 1.6000
“N.15 11,4000
-4.32 1.6000
-3.22 l.60N0C

5.39 5,8590
4.65 5,R500
4.09 5,850
3.30 5,4500

2.70  5.8500

1.96  5,a5a¢

L.21  5,A%490

S6L 0 5.91500

=13 5,p4%CC

-4l  5,4500
=1.55 55,0500
~2.29  §,8500
=3.10 5,8509
-3.98 '5,3%500
=4.65% 5,.38500
=5,60 5.,3500
-6.07 ‘s5,850C
~beb?  5.8500

K
HOL FR,
¢, 0000
" 40018
w0018
-0018
«0018
2007356
002
+0C85
0142
«0213
<0302
LEEY
w0874
«1130
wloe?
«2311
e2502
220152
«1517
1007
+0573
+07338
0177
+0088
«N035
0014
0. 0000

0.0000
» 0009
20053
«0L7T
£ 0330
1620
«0915
t1l8é
L1404
2147212
«1214
.0915
+05%6
£ 0257
L0115
«0018
0.0000
0.0000

PT2Y
PSTA
10,550
104054
10. 406
1,718
104494
10,220
10,0¢2
10.0€2
104 t54
10,782
11558
12,462
12. 678
11.954

9, 9¢E6

7.422

7. 134
f.5C2
9,518
10,638
10.£¢2
10,158
9,714
G.t30
9.390
9,438
G.618

27,174
274534
274102
25,5662
23.4C6
192,998
16,574
152248
lastba
la. 286
15,574
17. 838
21168
264542
26.670
274566
28.102
28,734

PLX
PSIA
1,365
l3365
1,365
12365
14365
Ta 365
1,365
la3o7
1367
Ya3Th
1372
1.364
1,369
1,322
1.375
1,375
1.375
14382
1.375
1,370
1,358

1,350

1,355
1,357
1. 360
1,342

1,187

1.320
1,325

1,335

1,360
14367
1,345
1,342
1.367
1382
1,360
14352
lo312
Y202
15200
1,278
1,278
1,289

l.278

TABLE I.- TABULATED DATA — Continued

My
MOL WY
29,00
28,95
28,95
2E.145
28,95
28.90
2B.83
28. 74
28,62
2004
28.18
27.80
FArL]
26,C2
24,52
22,786
22.25
2346
249061
2628
2Te45
2B.C3
28,52
28. 78
20.90
20,95
29.00

29.¢0
28.98
20,88
28,52
28411
27.33
26.53
25440
25,21
25,16
76,12
26,53
21,50
2B, 2A
28,69
28455
25.00
25.C0

HX
MACH

2,421

2,409
2,404
2,192
20368
2,334
2313
2.312

?2.321

2,292

2,459

2.589
2,617
2,529
2,292
10652
1.909
2,000
2,206
2.378
2,291
22339

24287
2,267

#2223
2,218
2,268

3,994
3.973
3.526
3.781
3.597
3.319
3.N1%4
2.BBH
2.718
2.791
2.525
1,193
3,531
Jebhe
J.9481
4,079
G100
4.134

Tix T
anGjR-‘
534 244
534 247
534 2448
534 249
%34 252
534 254
534 2s8
534 258
534 257
834 249
534 239
&34 228
534 274
533 214
533 2a0
523 302
533 108
533 283
533 261
533 250
534 249
534 255
534 261
534 264
534 268
534 2a7
534 761
534 127
534 129
534 131
534 139
534 149
534 14T
534 176
533 200
533 210
513 2081
523 197
534 176
534 153
534 135
5345 128
534 124
536 12%
534 121

VX
FT/SEC
1859, 60
1857,07
1855,03
1850,92

841,48

1831,04
LE25,45
127,13
11034,00
1B6T, 74
1909,3%
1956, 53
1766, 75
2000, 148
1968, 29

1875,59
16874, 29

L923,726

1950, 59

193549
1300, 0

1858, 92
1824,04

1a09,56
F791.91
1792.22
1H02,E5

2209.97
2207,49
2205.54
2197.35
2183.52
2162,04
21346,22
2120, 41
113,19
218,99
133,60
rlbb.62
198,01
r215,.87

£219,413

222,21
'223.11
227,44

RHOVX xi
SLG/SOFTSEC
0666 0.
+ 8567 9,B577E-0%
«8566 9,8219E~05
«0503  9.7503F-05
+8363  9,5A91E-05
«BLUB4Y  1.BBCHE-D4
«804% 3.2539F-04
+B053  5,12R5F-D4
«B09%  TF.5430FE-04
8404 1,19556~C3
«8968  1,8103E-02
« 9449  2,R557F-03
W M4BL  4,4230F-D3
« 8847 T,0340E-03
« 7400 9.43A0F~03
«5632  1.0758E-02
#5397 1.1420€-02
#6375 1,0494E-02
«7420  K.5154E-02
vBOTL  5,B157F-03
*8247  3,2414C-n03
«BOD?  1.8145E~03
+ TB2%  9.,1475E-04
21764 G HH99E-O4
#7629 1.7533E-04
« 7669  B.7933E-05
+ 7833 0,
1.9238 0,
1.9088 1.0955€~04
1.8705 6.5070F-04
127830 2,0852F-01
1.6323  3,6054E-03
1.4017 5.9A73E-03
1. 1981 T.7792F=-03
1.0782  2.3359C-01
1.0018 1.0510E-02
1.0079 1.0740F-02
1.0924 9,7183F-03
142444 BoQT96E-03
l.46B4% 6.5909F-03
17299 3,05964E6~01
1.8392 1.3901F-~03
1.9282 2,2157E-04
1.9510 0. '
1,911 O,

6
¥ASS FR,
:
1.2205E=04
1.7 285F=04
1.2285F=04
1.27856-C6
2.6623E-04
4 W 1229604
b, B226E-Ch
9.071TE-04
1.5%CSAF+-03

2.1826F-01

3.23796-01
4HeSURLL~07
8,.5154E-01
1.3664E=02
2.0464F-02
2.26T1E-02
1 7E16F=02
1.22826-02
7.7205E-03
G.2111F-013
2.4279E-03
1.2527E=-01
5.1556F-C4
2 hE2IE=04
1.72285F=04
a,.

o,

B.1429F-05
3,T056E-04
1.2541E-03
2.3841E~03
4.5719F- 03
LHeP455E-03
9,2671F-03
1a1229C-02
1.14C5F-02
9,51 71E-01

6.94E5E-03

4a0751E~01
1.90206-01
A.08S4E-04
1.2299€=14
0.
0.

RHOVY*{1-GX)
ATR MASS FLOW
Bs5862E-01
Ba5958F~01
BaS84LE-D]
0.5022E~01
8a3616E=01
Ba181BE=01
8.0609E=01
8.04A0E=-01
8.0913E-01
A+4TCBE~OL
BaO&HOE=QL
9.4185F-01
Db I36E 0]
B4TT13E-0]
Ta2909F =01
S 51467E~01
Sa2T4%E-D)
be2626F-01
To3371E=01
8.,00826-01
RaZ118E=0}
T4876E-01
T.81218E-01
T7594F=01
T.6269E-D1
TebbTTE-D1
ToFI256E-01

1.923BE+00
1908 TE+00
1.B7DGE+00
1. 7BCAC+00
1.6284FE+00
139536400
1. 14498F +0 0
1.0aB2E4+00
9,9051E-01
9.9641E-01
1,0A25F +00
1. 23576 +00
1. 4624€ 400
1aTL6TE+00
1.8377E+00
1.9279F +00
1.9510E+00
1.9716E+00

PRH

10273
» 1005
00996
20579
~ 0940
« (B34
PyLLY

© .0064

00NN
«O9IRS
MRLYL!
1274
e 1303
raral.
20843
« 0496
20464
« 0625
208315
«0962
0G5
0491
W CH24
« NEDO
o761
w0167
+OROS

«9953
09656
29121
o T641L
580 b
23991
w292
« 2095
L T7H
«1808
02204
3190
5093
« 18315
29419
1.0729
1,1069
1.1563



£%

AHOY) =

¥ ) i

fm i Nl s
TN shanpy
I PR IR
TN PR RN
FIN TR LY
.00 2.2474
0N 2,05%4
a,.00 31,0722
1,00 F,4865
3,70 1,949
J,00 0 §,3351
.00 4,726
0,00 §,174D0
3.0 f.h5464
0,30 5.9584
U.n EL3711
1,07 K.7435
1,00 11,1959
3,00 1.4082
3.00  8,32706
0.00 P.4l3)
3,60 PR, 4454
.07 G,C515
EL.3E .7.2414
—3,46 2.2414
-t.91  2.2414
~5.34  2.2414
4,11 .20
PEOUTEES 1)
=1.TL 2 2alh
-5 212404
3.0 2.24%4
RN T
1.41% Fodnin
LI T N T

Test 5

JEI

TUNKEL GaS

Hilh

TABLE 1.- TABULATED DATA - Continued

SURVEY?S 959¢,,219

MOL. WY,

RAS 2.01¢

29,000

1.3592F¢(0

LS rzx rix
[N ¥} Fulﬁ
i [PYITILE . PR
y Attt hognn todan
AN 1,100 1,716
L 1.A5%  1.720
WThlS 6,500 1,722
P30 1¢. 100 1.725
« 2571 rosann 1,720
L25H5  11.350 1,740
603 11.850  1.94¢%
«+7513 12,500 1,71%
2397 12,160 1,728
2241 13,950 1,725
7001 14,908 1.72¢
21759 164150 1,715
13d% 18,280 1.720
L1043 720,700 1,122
JOEuS  23.0680 1.725
JWale 2E6.850  1.72C
22T 29.590 1.710
LOL2Y 71,430 1,715
L0582 22,530 1.710
LLUYT 22,657 1,710
LO3LT 140130 LLb2C
JOU3h 13,930 1.630
L0043 13,750 1.8%2
J6d%4 14.18¢ 1at btk
©LL49 15.730 1.67%
RYERL 1£.45%0 1.0
LOuhd 15,710 1,660
+141LR 14,5C0 1.6088
Jl98d  12.200 1.¥00
L2445 100 1 TCE
o H,rnh Ya #CH
YR Ha a0 174049

SPECIF
3

¥hi
Hill W
!‘ l'l.]-‘
Ahentt
21,13
22,10
27.40
22.24
22.C6
22,01
21.58
22,22
22454
22.94
23,60
24,258
25.26
26,196
21.22
27,88
2€.39
28tk
2E.04
FLPL]

2R,S5
2B.9Y
2E.A8
28,75
?€,6C
2T.58
L. T8
25.44
- 2372
?7.7C
27404
N0

1T HEAT
4300
2400

Hx

T #ALll
o0l
f [} ETall
| LA
1.901L
Lao7r
2.04%
2.1048
2.165
2.2113
2.20%
24355
2421
2.521
2.6135
?2.808
2.934
3,221
3,439
3.602
3.7125
2,197
3,422

2,531
2.504
2.468
2.5497
2.632
290
2.627
2.510
2.200
74078
14941
1 &HA

byt b

GANMNA

1.4Q3

1.349
LAR 1%
LR L
L T
LT R B
S25 31N
Leh 3CH
925 29%
523 264
52% 270
525 27)
52% 2¢5
2% 257
525 249
525 241
S26 222
526 220
5271 2C5
528 1Rf9
529 112
529 158
510 147
530 141
530 137
530 135
530 233
520 225
$30 239
530 278
530 222
529 21a&
s20 222
527 233
6§26 258
52% 242
925 aen

b
]

AVG,TOTAL TEMPL{OEG,.R)
50¢
53¢

X

[ FAIIN

[P/ PR
1h4n bk
LIy o4y
1A37.20
1ee7.61
1533,.1%
1672.52
2002 .88
202¢,5C
2048441
2Ct4 04
2077421
2002 ,91
2095.11

2107.89

2122.0%
2136.1C

21€1,04
2145.18

21715,28
2178464
217d.548

EBG) .54
1€83,9%
1A72.59
l1EE&. 62
1634.9C
L9T3.14
15G98.74
200%.040
1582.95
1929,5C
LI YT
Yo |07

ey X

CJ/Q1 =

LY

SLLA ST

phind
A s
UL
WHETD
T80
1499
«Te11
«AZ12
+R5C1
<0614
MRELY
«5E861
1.058%}
1,145¢&
1.2671
14671
1.69C3
1.A53¢
2.07048
2.2042
2.28C1
723058

1.10¢3
1.0¢27
1.0822
1,11c2
l1.2c81
1.2417
1.18%¢
1.0491
«BS04
LTHR2
YUKE
o P INE

A U]
tali23t-nd
NauS11E-UA
1.06340-02
1e1471E~C2
L.2559€E=02
1.2€426-02
1.43¢5€-02

1.49T6E-02

1.45SRE-C2
1.47546=02
1.4411E-02
1.2345E-02
1.23€4F-02

1.CEZe0E-C2

B.6947E-03
€L CEESLF-03

4.1827€-03

2e%7265E=03
1.4712E-C3
6.CE4TE-04
2.03&1E-04

S.T42BE-05
1.52C2E-04
2.3946E-04
ELINEGE-O4
S.34846—-04
2.4904E-01
S.5671€E-C3
BL.2379E-03
1.1CA3E~-02
1,1 TE5F-02
Pa1UCn-02
Tebbr -0

1.0012

LAMDA =

TOTAL PRESS.(PSIA)
48,465
249.1%

(B3
HAAY T,
Patdfif-ug
Pa feny ¢
fonynr-gd
2.,0713HL-02
2alEn2E-C2
2.2694k-02
F.3494€-C2
2.3THIE=C2
2+3073E-02
2428CCE=C2

2e1396E-C2

1.9T45F-C2
1.7C94E-C2
1.4623E~-02
1.10536-02
B.0313E-03
4,8R03F-03
£.9G33E-C2
1.6156E-03

5.CAZ0E~C4
3,5604E~0k

1.1545F=G4

1.1945E-04
2.3540E=C4

2.9957E-C4

EL.ATHLE-04
1.04R2E-C3
ZaT245E-G3
EL4ECH4E-C]
1.044278-02
Y.b6h4ZE~02
20T37F=L2
23600 T-07
Jate1t -0D

MEOYXL 1~GK)
ALV PAYS (11N

1y dhrghlz= 10
LEY AR ]
[ PR TR
Gab1/01~01
TeC2hlti=CL
7,3253t=C1
T.62T0E-0Q1
FaC1ECE-CL

BL.2S03E-C]
B8 T1CBE-C)
G41452E-(1

9.6%54E-01

1.C4CCE+CO

1.1250C+00
1.2828E+CC
1.4553E+4C0
1. 68245400

1.EERCE+CC

2.CT14E+00
Z.IC22E4CC
2.2793£+CQ
2.3LG6F+CO

1.1€52€4C0
1.C9245+00

1.CAZ9E+00

1. 1C54E+CQ
1.2CE0E+CQ

1.23B3E4C0
L. 1&20E+00D
1.CS4CE+CQ

A.B246E-(1
T522TE-CL
G.4T15HE~CL
a0 -

«5T12

PHM

IRLL}
IERL]
abaty
+O4KY
QB0
«04878
«Ch3D

L

0762
+C84hE
«054l
«1C59
«121&
«L&4AT
«1863
« 2513
e 3534

PLEEE]

608D
ST186
+7513
A10A

S11E3
W1121
21076
<1135
.Lace
. 1543
« 1400
21173
0825
JUEC]
POanl
NI



Ve

Test 5 — Concluded
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in Jec‘uon station

10°

£240

f

75.0

(a) Flat-plate detail.

Injectors at 18,6 cm

Dimensions are in em.

Injectors at 24.0 cm

Test ) a b C D CD
1 24.0 0. 635 0,578 | 1.41 0,254 0. 830
2 24.0 . 152 .680 | 141 . 0508 . 754
3 24.0 . 305 654 | 1.41 . 1016 LT184
4 {ref. 9) 18. 6 .3175 .397 . 1524 . 1016 . 760
5 (ref, 12)] 24.0 . 369 510 | 141 .13 .830

{b) Injector detail,

Figure l.- Experimental model.

Dimensions are in cm.
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v
280 = < P 1}.r524

14,7 ——
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}L___/__

Static - pressure probe

Figure 2.- Survey-probe design, Dimensions are in mm.

X—D Control valve » Flowmeter
Y~ Solenoid T' Vent

Pressure

Orifice Chromatograph
pressure—_
v Vacuum pump
184 V=205

Figure 3.- Schematic of gas sampling system.
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Figure 4.- Undisturbed theoretical plate boundary layer at injector station.
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Figure 5.- Jet penetration.
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Figure 6,- Correlation of jet penetration.
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Figure 8.- Maximum hydrogen mass fraction,
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Figure 9.- Correlation of maximum concentration decay.
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Figure 10.- Mass average tofal pressure and total-pressure recovery.
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Figure 11, - Vertical hydrogen concentration profile.
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Figure 12.- Vertical total-pressure profile.
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Figure 13.- Hydrogen concentration contour.
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Figure 13.- Concluded.
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Figure 14.- Hydrogen flow rate contours in kg/m2-sec.
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Figure 14.- Concluded.
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Figure 15.- Airflow rate contours in kg/m2-sec.
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Figure 15.- Concluded.
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Figure 16. Mass-weighted total-pressure profiles in kg/m2-sec.
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Figure 16.- Concluded,
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