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FOREWORD
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Systems Division (ASD), Air Force Systems Command (AFSC), for
the General Flectric Company under Program Element 62405214,
Project 3066.
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subsidiary of Sverdrup and Parcel, Inc.), contract operator of the
Arnold Engineering Development Center (AEDC), AFSC, Arncld Air
Force Station, Tennessee, under Contract AF 40(600)-1200, The test
was conducted in Propulsion Engine Test Cell (T-2) of the Rocket Test
Facility (RTF) from October 25 to 28, 1965, under ARO Project
No. RB0411, and the manuscript was submitted for publication on
February i6, 1986,

The assistance received from Mr. R. J. Matz of the Research
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ABSTRACT

An experimental investigation was conducted to determine the
discharge coefficient of a venturi airflow meter with various diameter
centerbodies installed. A critical flow venturi for which a theoretical
discharge coefficient had been experimentally verified was used as the
calibration standard. The discharge coefficients for the test venturi
without centerbody and with centerbodies of two different diameters
were determined over a range of venturi throat Reynolds numbers
from 0.32 to 3.20 x 106 at a constant inlet air total temperature of
70°F. The experimentally determined coefficients were in good agree-
ment with the theoretical value for all configurations tested, Maxi-
mum deviation (0. 3 percent) of discharge coefficient from the theo-
retical value occurred with the venturi without centerbody operating
at critical flow conditions,
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SECTION |
INTRODUCTION

In performance tests of air-breathing propulsion systems, accu-~
rate measurement of airflow is a prime requirement. Venturi flow-
meters designed to operate at critical flow conditions have been
employed for the past several years at the Rocket Test Facility as a
means of obtaining accurate airflow measurements.

Because of the large range of airflows over which air-breathing
propulsion systems operate, multiple venturi flow measuring systems
are required in order to ensure critical flow conditions in the flow-
meter throughout the range of propulsion system flow rates. Test
installations do not, however, readily permit changing venturis dur-
ing a particular test program without large expenditures of time and
effort.

A method was developed at the Rocket Test Facility whereby the
flow area of a particular venturi is varied by insertion of a centerbody.
The test program discussed in this report was conducted to determine
the validity of theoretical discharge coefficients for venturis operating
with centerbodies installed.

SECTION 1l
APPARATUS

2,1 TEST ARTICLE

Details of the test venturi are shown in Fig., 1, The venturi throat
diameter was 10,096 in., giving a throat area of 80,049 in, 2. The test
venturi was a modification of an existing venturi which had a cylindrical
throat section. The modification consisted of machining the cylindrical
section to produce a minimum diameter section with a continuous cir-
cular arc wall contour. As a result of this modification, the diffuser
section of the venturi consisted of two separate half-angles of divergence
downstream of the minimum diameter section (throat) as shown in Fig. 1.

Details of the three venturi flowmeter configurations calibrated are
presented in the foliowing table:
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Venturi Centerbody Throat Throat Flow Area| Equivalent
. . Throat . Annulus .
Configuration : Diameter, . Diameter,
Diameter, . Height, 2 in 2 :
) in, ) in, in.
in. in,
1 10.096 {None) 10,096 0. 5569 80.049 —_—
2 10. 0886 6.249 1,923 0. 3430 49,387 7.929
3 10.096 7,855 1.120 0.2194( 31,592 B, 342

A detailed schematic of the centerbody installation is presented in
Fig. 2.

All configurations of the test venturi were calibrated using a
standard venturi designed according to the criteria presented in Ref. 1.
The discharge coefficient for the standard venturi operating at critical
flow conditions had been experimentally determined as described in
Ref. 1. A schematic showing design details of the standard venturi is
presented in Fig. 3.

2.2 INSTALLATION

A schematic of the test installation is presented in Fig. 4. The
standard venturi was mounted in a flange attached to the test cell inlet
plenum and exhausted into the test venturi inlet plenum chamber. The
test venturi was installed on the downstream bulkhead of the venturi
inlet plenum and exhausted into the test cell. The test venturi center-
bodies were attached to a centerbody mounting bracket fixed to the
venturi inlet mounting flange. The test cell inlet plenum and the test
venturi inlet plenum were 72 in. in diameter. A photograph showing
the test cell inlet flow-straightening grid and the standard venturi inlet
is presented in Fig. 5a. A photograph showing the test venturi inlet
with a centerbody installed is presented in Fig. 5b.

2.3 INSTRUMENTATION

Pressure and temperature measurements were made at the stations
shown in Fig, 4, Details of instrumentation are presented in Fig. 6.
All pressures were indicated on manometers and photographically
recorded., Temperatures were obtained by manually recording the
millivolt output of iron-constantan thermocouples on a null-balance
indicator,
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SECTION [l
PROCEDURE

Air was supplied to the test cell with a moisture content of less
than 4 grains/1b, Inlet air total temperature was maintained at T0°F,
and inlet pressure was set at the value required to establish the
desired Reynoldes number in the test venturi throat. The test cell
pressure (test venturi exit) was maintained at a level required to pro-
duce the desired total pressure ratio across the test venturi, The
standard venturi was operated at critical flow conditions for all cali-
bration points.

A minimum of two data samples was recorded at each steady-state
operating condition to minimize random error in the data averages.
Methods of calculation are presented in Appendix I. Tabulated data
are presented in Appendix II.

SECTION |V
RESULTS AND DISCUSSION

The venturi calibration test yielded discharge coefficient data over
a range of test venturi inlet total pressures from 2 to 12 psia at an air
inlet total temperature of 70°F, Venturi throat Reynolds number varied
from 0,32 to 3. 2 million,

Discharge coefficients were determined for three test venturi con-
figurations at both critical and subcritical flow conditions. Venturi
configuration 1 consisted of the basic test venturi with a 10, 086-in. -
diam throat section, configuration 2 -was the basic venturi with a
6, 249-1in, -diam centerbody installed, and configuration 3 was the basic
venturi with a 7, 855-in, -diam centerbedy.

The theoretical coefficients presented were mathematically obtained
by using the Tucker technique for determining turbulent boundary layer
growth in compressible flow (Ref. 2) and the techniques of Ref, 3 for
determining cenirifugal force effects on flow 4t the vemturithroat,
Perfect gas behavior was assumed for all analyses and teSt results pre-
sented in this discussion,
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4.1 YENTURI OPERATING AT CRITICAL FLOW CONDITIONS

The discharge coefficients determined for the three test venturi
configurations operating at critical flow conditions are presented in
Fig. 7. The experimentally determined discharge coefficient for
configuration 1 was approximately 0.3 percent lower than the theo-
retical value throughout the Reynolds number range from 0.5 to
3.1 x 106, A trend of decreasing discharge coefficient is noted as
venturi throat Reynolds numbers go above 2.0 x 106,

The test data for configuration 2 in the Reynolds number range
from 1.0 to 2,45 x 106 are in good agreement with the theoretically
determined value, The experimental coefficient ranged from 0, 991
at a Reynolds number of 1,45 x 106 to 0,988 at a Reynolds number
of 2.45 x 106 as compared to the theoretical value of 0. 9887, As
Reynolds number decreases below 1.0 x 106, the discharge coefficient
begins to decrease significantly because of the transition from turbu-
lent to laminar boundary layer conditions along the venturi wall,

The discharge coefficient for configuration 3 is also in good agree-
ment with the theoretical levels above Reynolds numbers of 1.0 x 106,
As expected, the coefficients begin to decrease significantiy below
Reynolds numbers of 1.0 x 106, For example, the coefficient is
1.1 percent lower at a Reynolds number of 0. 32 x 106 than the value
at a Reynolds number of 1,0 x 106,

Generally, excellent agreement with the theoretical discharge
coefficients was obtained for all configurations in the Reynolds num-
ber range between 1,0 and 3.2 x 106; therefore, in the region where
a fully developed turbulent boundary layer exists, a high degree of
confidence can be placed in the theoretically determined discharge
coefficients for venturis with sting-mounted centerbodies as well as
for those without centerbodies,

The discharge coefficient in the Reynolds number range from
1.0 to 3.2 x 106 decreases as the venturi centerbody diameter in~
creases., This is as expected since the annular height between center-
body surface and venturi throat inner wall becomes less as centerbody
diameter increases, and with a smaller annulus height, the relative
effect of boundary layer becomes larger.
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4.2 YENTURI OPERATING AT SUBCRITICAL FLOW CONDITIONS

The discharge coefficients for the three venturi configurations
operating at subcritical flow conditions are presented in Fig., 8 as a
function of venturi indicated throat wall static-to-total pressure ratio
and Mach number for two Reynolds number ranges. As expected, the
coefficients for the venturi configuration with centerbodies are slightly
higher than those obtained for the venturi without centerbody because
the centrifugal effects are less. For example, at an indicated throat
wall static-to-total pressure ratio of 0.7, the discharge coefficients
for the centerbody configurations are approximately 0.5 percent higher
than the configuration without centerbody. The discharge coefficients
in the range of throat static-to-total pressure ratios from 0, 57 to 0. 60
are not significantly affected by venturi configuration.

A theoretical discharge coefficient for each of the three venturi
configurations is also presented in Fig. 8 for comparison with the
experimental. The theoretical coefficient calculations were made in
accordance with the methods presented in Refs. 2 and 3 for subcritical
flow conditions, applying the axisymmetric procedures to the venturi
without centerbody, and the two-dimensional procedures to the venturi
with centerbody installation.

As venturi throat wall Mach number was decreased, the theoretical
discharge coefficient for venturi configuration 1 decreased more rapidly
than the experimental discharge coefficient. In the range of throat wall
Mach numbers from approximately 0,73 to 1. 00, the deviation of experi-
mental from theoretical ranged from -0.5 to +0, 5 percent. The devia-
tion became much larger as throat wall Mach number decreased below
0. 73,

For the venturi configurations with centerbodies installed, the
experimental discharge coefficients were lower than the theoretical
throughout the wall Mach number range investigated. Deviation of the
experimental discharge coefficients from the theoretical ranged from
approximately -0. 2 to -0.4 percent in the wall Mach number range from
0. 70 to 0, 90,

When operating in the subcritical range, venturi discharge coef-
ficients are not significantly affected by Reynolds number in the range of
indicated throat static-to-total pressure ratios from 0.57 to 0. 60, As
the indicated throat static-to-total pressure ratio increases, however,
the effect of Reynolds number becomes significant. For example, at a
pressure ratio of approximately 0,93 (Fig. 8), the discharge coefficient
for configuration 1 ranged from 0. 933 to 0. 943 at a Reynolds number of
approximately 0.47 x 108, whereas, at Reynolds numbers greater than
0.9 x 108, the discharge coefficient was approximately 0. 955,
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4.3 INDICATED VENTURI THROAT CRITICAL PRESSURE RATIO

The indicated test venturi critical throat pressure ratios for the
various configurations are compared to theoretical values in Fig. 9
as a function of test venturi inlet total pressure for Reynolds numbers
in the range from 1.0 to 3.2 x 106, The measured critical pressure
ratio for each configuration was lower than the corresponding theo-
retical value throughout the range of venturi inlet total pressures
investigated, The greatest deviation from theoretical occurred with
the venturi having the largest diameter centerbody, and the best agree-
ment was obtained for the configuration without centerbody. For
example, at an inlet pressure of 570 psfa, the theoretical critical pres-
sure ratio for the configuration with the largest centerbody (configura-
tion 3) was approximately 5 percent higher than the experimental;
whereas, for configuration 1 (no centerbody), this value was only
1 percent. The variation between theoretical and measured critical
pressure ratio is the result of the inability to precisely locate the
venturi throat static pressure ports.

The experimental data show a significant increase in the indicated
throat static-to-total critical pressure ratio when a centerbody is in-
stalled in the venturi. For example, at a venturi inlet total pressure
of 1000 psfa, the critical pressure ratio for the venturi without center-
body was 0.473. When the 6, 25-in, ~diam (configuration 2) centerbody
was installed, the indicated critical pressure ratio increased to 0, 484,
and with the 7, 86-in, -diam centerbody, the ratic was 0. 488,

This variation in indicated critical pressure ratio is the result of
throat velocity profile variation between configurations. It will also be
noted from Fig. 9 that the indicated critical pressure ratio increases
slightly as venturi inlet total pressure increases, The reason for this
increase is not known but is perhaps again a resuit of changing boundary
layer displacement thickness in the venturi throat region.

SECTION V
SUMMARY OF RESULTS

The results obtained from a flow calibration to determine the effect
of installing a sting-mounted venturi centerbody on venturi discharge
coefficients are summarized as’follows:
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1. Experimentally determined discharge coefficients for the
test venturi without a centerbody and operating at critical
flow conditions agreed within 0, 3 percent of the theoretical
value throughout the throat Reynclds number range from
0.5 to 3.1 x 106,

2. The discharge coefficients determined from the test venturi
with sting-mounted centerbodies were slightly lower than
those for the venturi without centerbody but agreed within
0. 1 percent of the theoretically determined value.

3. The discharge coefficients for a venturi with centerbody
and operating at critical flow conditions decreased as
centerbody diameter was increased.

4. At subecritical venturi flow conditions, the discharge coef-
ficient increased as much as 0.5 percent at a throat
static-to-total pressure ratio of 0. 70 when a centerbody
was installed in the venturi. The difference in discharge
coefficient obtained for a venturi with and without center-
body decreases as the throat pressure ratio approaches
critical,

5. Discharge coefficients for a venturi operating at critical
flow conditions with a sting-mounted centerbody can be
theoretically determined to within 0.1 percent of the
experimentally determined mean value.
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APPENDIX |
METHODS OF CALCULATION

General methods and equations employed to compute the steady-
state parameters presented are given below. Where applicable,
arithmetic averages of the pressures and indicated temperatures
were used. '

RATIO OF SPECIFIC HEATS

‘The ratio of specific heats, y, was assumed to be 1.4 at all
measuring stations.
AIRFLOW

1. Airflow at station 2 (standard vénturi throat) was calculated
from the following critical flow equation: ‘

Hoss)
- P,A,Cp, | LE [( 2 )]2 y=1

Wa

s

RT, y+1

and Cg, = 0. 9935, Cfy is an experimentally determined flow coefficient
(Ref. 1).

2. Indicated airflow at station 6 (test venturi throat) was calcu-
lated from the following equations:: '

(1) Subcritical Operation A

y-1]
0, _I.)_G) N a
Ps

(2) Critical Operation
- %+1
YE 2 2{y~-1
Wag; = Ps As RT,, (y+1)

DISCHARGE COEFFICIENT

The discharge coefficient of the test venturi was determined from

the equation
Wa,
Ci, =

6
asi

19
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MACH NUMBER

Mach number was obtained from the equaf’ior}

- el ]

REYNOLDS NUMBER

Reynolds number was obtained from the equation

Re = £V4_
[
where the characteristic length, ¢, was taken as the diameter of the
teést venturi throat for configuration 1 and as an equivalent diameter
(based on the throat flow area) for configurations 2 and 3.

1

20
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APPENDIX 1l
TABULATED STEADY.STATE DATA

Values given are the four significant digits, positive or negative
sign, and the power of ten, e.g., . 1237+ 01 = 0.1237 x 1071 =1, 237,
.9755+ 00 = 0.9755 x 100 =0, 9755

21
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o .00 QR+ SAZH+00 . 7192+C) 1406606 4740403 L 9752403  ,5629¢03 ,3351403  .5312+03 9134400 .10208+Q1 _  SRAI2+CH
16.00 1066401 .60D6+400 4997401 .17/56+04 .H694+403 .5646403 .5542+03 .3391403 ) .5310403 .8854400 .9992+400 ) .$773+00
C17.00  <10524C1  L7275400 .539940) _ . 160%54C4 .T747403 .5682003 ,.5620003  ,4134403 | .5303+03 .4897+00 .A790+00 , 966900
1.00 .1052401 .7383¢00 6217401 .1560404 .7536+u3 .5682403 .5571403 -4195403 | .5303403 6728400 .8649400 | .$508+00
19.09 1032401 LB84683+00 .48404+01 .1211+36 5815403 567403 .5611403 4927403 .5273403 4537400 .44T72400 | +9539+00
20.00 1012401 9370400 .349440] R733+01 .‘0!3‘)”J3' «5T745¢03 .,5742+03 , ,5383+02 | »5263403 3044000 .4677+00 | 942800
21.00 L 109294C)  oG2673400  L3TL640L  .9294403 4374103, L5692+03  .S590+4Q3 [ .5272403 ; 5272403 .3325¢00_ .4289+0 |
RBC4)1 YEWTURY TEST 02 TEST DATE 10-26-65 CONMPUTEQ DATE 01-03-é6 |
1,00 1237401 -4849+00 .1350402 .3382404 | 1645404 1723204 JB356403 5285003 .1000401 .2448401 .9873+00
2.00 1243401 <4B5T+00 .1352402 -33A7404 .1649904 | .1728404 .8391403  .5292403 .1000801 .2454+01 5864400
3.00 .T009400 .4852400 .1129402 .2833404 .1376404 | +1441404 «6950+03 .5302403 .1000401 .2047+01 .5894400
4.00 .7008400 .4853+00 ,1129402 .2827404 .1374404 | .1441404 .6992403  .5283403  .1000401 .2047+01 _.9874+00
T 85,00 .1231401 .4B843+00 9018401 .2259+04 .1094404 , 1150404 .5578+03 .5288+03 ,1000401 .1634+01 .9882400
6.00 1228401 .4844+00 5013401 .2256404 1109404 | .1148404 -5559403  .5282+03 ,1000+01 .1630¢01 .9893+00
7.00 1230401 4842400  ,6809401 .1708+04 .B250+403 | .B642+403 «4184403 ,5302403 .1000401 .1223+01 .9944+00
8.00 1227400 4842400 | .6755401 .1692404 LB183403 .B621403 «4174403 .5285+403 .1000401 .122%+01 .9874400
9.00 1214401 4833400 ,4486401 .1122+04 .S53T2403 .5724403 2766403 5267403 .1000401 .B131+00 .9859+00
10.00 1214401 .480%¢00 | .4501401 .1126+404 .5377403 .5710+03 «2743403  .5277403  .1000401  .8111+00 .9927+00
T 11.00 .20954¢01 .4806400 .3315+01 .6325403 .3941403 .4233403 <2034403  ,5315403 .1000401 .4014+00 .9896+00
12.00 -119240L .4796400 ,3320401 .B8339403 .3934403 .4226+D3 .2027403 ,5317403 ,1000401 -6004400 .9979400
12.00 -1174401 .4858+00 .219940L .5509403 .2609+03 .2820+03 «1370403 .5290403 .1000+401 .4006400  .903L+00
14.00 1178401 .4795400 .2200401 .5513+403 2605403 .2806+03 .1345403  ,5290403 ,1000401 .39__a§+0*0<| «9887400
15.00 .1302401 4781400 .4436401 .1114404 .5309403 .5660+03 2706403 -5318403 .)1000+401 .B041400 | .9907+00
16,00 1313401 4791400 .4455400L 1119404 .5321+403 .5667+03 «2715+03 5313403 .1000401 .8051400 ' .9932400
T 17.00 .1082401 ,5639+00 4414401 1105404 .52h0403 .5674403 «3200403 .5283403 .9429400 -8031400 ,9831+00
12.00 1085401 5769400 .4392+01 .1100404 .5245+03 _.5674+03 3274403  .5283+403 ,9224+400 .7991+400 .980%+00
15.00 .L060401 .6990400 .4L03401 .1027404 4873403 .5717+03 +3996+03  .52B2403 .7340400 .7227400 .98693+400
20.00 .1047401 .7029400 .4061401 .1017+404 .4829403 .566703 «3983+03  .5283403 7280400 .7124400 .9700+00
21.00 .1245401 .4852400 .1355402 ,3405404 .1655404 ,.1733¢04 «8507403 5318403 .1000+401 .2461+01 .2087400
22.00 1241401  ,4859400 | .1360402 ,3405¢06 .1657404 .1735404 _+B428403  .5282403 .100040) .2464+01 .9875+00
23.00 .1245+01 .4863400  .1361402 .3406404 .1657+¢04 .1736+04 .8442403 .5277403 .1000¢01 .26566+01 .9871+00
24.00 1496401 4866400 -1364402 ,3413404 .1662+4064 .17368404 «8457403  .5275403 .1000401 .2469+01 .9880+00
25.00 .1503401 4842400 | -1364402 3413404 .1651+04 .1739+04 +BAL19+03 .52T3+03 .1000401 .2470+01 .9876+400
26.00 .1L0L+01 5530400 | .1334402 .3339404 1624404 .1726+04 .100640% .5283+03 .9129400 .2423401 .9804+00
27-00 .1105401 .58B0+00 .1333402 ,3338404 .1625404 .1730¢04 «LD1B404 5285403 .9051+00 .2424401 _97854+00
28.00 .1068+D1 ,T147400 , .1231402 _.3079404 .1457¢04 .1729+04 ] 1236408 .5273+03  .7057400 2139401 .5746+00
29.00 .1067401 .7136+400 ' .1232402 ,3081404 .1455+04 .1729+404 <123440% .5272¢03 .T114+400 2143401 .9742+400
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RBO411 VENTUR] TEST 03 TEST DATE 10-27-4%5 COMPUTED DATE 12-27-65

P P
—3 46 p T M R =
POINT P, Ry Ve il P2 % "8, 6 6a’ 6 e, Crg
NO. Ib/sec psta o

1.00 ,2503401 4887401 .T23R401 .1808+04 .8T368+03 .1443+04 .7058403 .5260¢03  .5447+400 .1190¢01| .9859+4C0
2-00 .250G34C1 .4B88400 .T237401 41807404 8729403 .1441404 « 7046423  ,5253¢03  L1000401 1638401 9861400
3.00  .1658+01 .4B93+4C0  .T72154N1 4181C+04 .8T50+403 .1442+14 -TO5T+03  ,5302¢003  .1C00+0C1 .1639+40) 9872400
4.00 .14656401 48954900 LT223401 .1813+404 JBT752403 1443474 L TUB&+03 5308433 .1000+401 .1539+C) 9884300
§.00 ,1244471 L4BB4+00 ,T210+401 L1BOT4C%& .8733+403 .14641+D% «TO37433 8293453 ,1000+"1 J163T+C1 .98646400
6.00 .]2474U1 L4B90+00 ,T230+401 1812404 .8T752+403 1444474 «T059403  ,5293¢93 21000491  L1640401 9874400
Ta03 L11C4401 J6E21400 6757401 .16%3404 8163473 .143T7404 «IRC34DY 5291433 s 7600400 ,14H82401 .9799+400
C 8400 )10R40]1 6788400 LAT8640L 1T014C4 8225403 1544404 «9799403 .65294+41)3 LTH50400 1495401 .9TT5+00
9.00 ,1237+401 L4B95+400 .B56584C) .2172404 .1050¢.4 .1732404 «BCTT+d3  ,5304403 «1CO0¢51  .196E+01  «9845+00
10.00 .1239+401 .4B91400 .R6E61471 2173404 L1051¢L4 L 1T334104 «84T4471 (5304403 alQ00+471 1969401 9854400
11.00 .1242401 .4897400 .72264C1 .181340% L(8T468+403 . 1h4st24 JTO8I+TY 5307 +03 «1000+¢1 . 18&40+31 .988140C
12.00 .1242401 .4B93+0QD 7227400 .1Al1+404 L8T64403 .1Hh444CH 7063403 .§233+33 .1000+21 .1640+401 9870400
13.00 .1224+01 .49D740D  .57614C1 1442404 446931403 1144404 «H612403  .527He03 «1000¢0) 1299401 .9%17+00
14.C0 .1234401 .48704C0 5754401 .1441404 L6975403 .1152+:4 5410404 _5283+0) .1000+01 .1309+01 «9837+0C

15.00 .1229+01 4881400 .4319401 L1UB2404 .5191+)3 .85644403 a%71440)  .5263¢03 .1000+0) .9B104C0 9861400 _
16.00 ,1227+01 .4883+400 .43154C1 .1081+4C4 ,5199¢C3 ,RHE24+413 +4716403 5293403 -100C+91 98110400 .9852+40C
17.00 .1212401 .4914400 .28B&6T+C]1 .TIEAH403 L4473+ 3 .5T744403 2 2R23431 5294403 + 1000+ 8527400 .9840+4CC
18.00 .1205+01 .4891+0C .286P+C1 .T1834C3 .3406403 ,.5737¢03 2806404 .6302473 -1000+U1  .A519400 -98624(C0
19.00  .1196+01 .4935+D0 .2126+4G1 5322403 .25334)3  .42744063 -2111403  .52834+403  ,1000+01 .%Bp1400 -9786+400
2C.00 .1195401 L48864020 2126001 .53224C3 .2531473 .4275+23 «20089403 .57233+01 -1000¢C]1  J4BST4CO 9794400
21.00  .1178401 . 4946+4D0  .140Me31  .35224C3 168703 .28404013 «1405403  ,5272403  .1000491  .3227+0u__.9755400
22.C0 .1205401 .49084G0 .14#064°1 .3515403 .1680403 .2ZA3F+G3 L2924 1  .5269+5) -10004C1 .3223+400  .9T48+L0
23.00 L1305¢01 .4BT8+00 .20849¢31 .T1584C3 .3420403 .5T723+012 =2792+403 ,8317¢03 L1000+401 6503400 «9837+40C
264,00 1309401 L489T+00 L2B48B+01 .TLS56403 .341T+403 .65744403 SZ2BY3403 83220003 L1CO0+01 <652740C «980100
25.00 .1144401 .5795400 .2822+01 .T093403 _3378403 .S575A+403 =3337403 5332403 .9185400 6478400 9754400
26.00 +1143¢01 .S5T85400 .2823+01 .T094403 .33TR+03 .5755401 23329433 «5322e07 29199420  J64TT+CO 9753400
27.00 +1096401 7235400 .2567+401 .56433403 .3C045403 .5758403 4166403 ,9732¢03 .6760400 5629400 9646400
2P.00 JLC9Te01 oT245¢00 .2558¢01 .6405¢33 .3053403 L5751+03 «5l6T+03  L57B5103 L6944+00 .56l4+20 .9625+00
33,0 .1239¢01 4835400 L8638+01 .2164eC4  _104T+06 1730404 «HH5U40  LS290403  L1G00+0L 1965401 9842480
36,00 .1239¢Cl  J4EAT+CD  .86L0¢D1 216 404 _104%06 1730404 <R451403  (R2H3+D3 L 1000+¢N1  L196G+L]1 98ST+00
35.00 41139401 .59264C0 8409401 2126404 _104TeN6 1731404 1026404 .9232493  L89TT+00 1934471 .9T4040C
3E.00  J1130e01 5996400  .3646401 2120404 1026404 (1T 13404 L1039404  _S97Bi%D4 LJARTO4D0  .192T+131 L9T73T+10
37.00 .1C9B+01 .T1934C9  ,TI9T401  .1954404  _96503en3  ,1730404 21245404 5292403 L, T(2540U 1702401 9707400
IA,00 .1D99¢D1 .7228+400 JADDS4N1 1944404 .I492¢03 L 1T31404 «1251¢04 44992403 «H9T14C0 1894401 .9T7CI40C
42,00 .1230401 J4PA24G0  .STBE+01  ,145C+C4  .T510e03  L11564C4 -5645403%  .5292+%3 10004431 21314401 -9863400
44,00 1224401 L4BACH00 5751401 L1441+04 .4984¢03 1151404 «2994403  _§2924+3 1000401 1300401 9848400
45.00 .1134401 .SSOE+00  .56T94CL 1422404 4852003 . 1153404 CARLLED3 (62R2¢03 «9007+0C .12H94C]1 .9T783+0C
45,00 .1127+401 .S8T9400 5872401 ,1620+434 L4HR41eN1 ,1151+04 +BT6T+03 .5282+013 «9053+400 .1249+401 .9783400
47.00 J1C9C+01  .T144400 5243401  ,1313404 .4299+03 L 1151+U4 822344  ,5282+43 « 7102400 1140401 .9755400
4R,00 L1C97401 .T14340C .5250401 L13134C4 ' L43BH+1'3 L 1155404 2876647131 5232403 -T104400 1143451 -9736840C
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RBO411 YENTURI TESV O4 TEST OATE 10-28-65

COMPUTED OATE 01-~03-66

Ps Pe a
PONT B Ry Moy P %2 P . P B My W e
) Ib/sec pifo *R
‘f6.00 1237401 .4T42+400. .2193¢02 .5511+¢04 .2705+¢04 .1T31¢04 -8209+03 .5322+403 .1000401 .3131¢01 .¥BB8A+00
17.00 .1237401 .4685+00 ,2196402 .5515+04 .2704404 172704 8092403 .5315+03 ,1000401 .3124+01 .99]12+00
18.00 .1226001 .4T31400 .1462¢02 .3668¢04 1787404 .114T+04 5428403 .5302+03 .1000401 .2074+01 .9928+00
19.00 .1224¢01 .4T42400 .1480402 .36T0¢04 .1789+04 .1149404 5449403 .5323403 .1000401 .2078+01 ,.9914+00
20,00  .1213401 _.4741400 .7284+01 .1827+04 .BB3IT+03 .5T31403 -2T1T+03 .5300403 .1000401 .1036401 _.9896+00
“21400 1213401 4741400 o726T401 .1822+04 .BA30433 5724403 +2714404 _5297+03 .1000401 ,1035¢01 ,9882400
22.00 1297401 .4732+400 7284401 .1824404 8830403 5717403 «2705¢03 .5283403 .1000+01 .1034401 .99C6400
23.00  .1305401 .4T45¢00 .7233+401 .1824+04 .8310403 .5717403 -2712403 .52R3e03  .1000¢01  .1034401  .99C4¢0C
24.00 L1C45401 .5849+00 .7085#01 .1774+04 8573403 .5&81¢03 -3323+03 .5283¢33 ,9099+00 .1015401 .97&6540C
25.00 .1042¢01 .6C03¢00 .TOl4eO0l .1756+04 .BS3Ae01 .5699+03 =3421¢D3 .5285403 .B88%9+00 .1009+01 ' .9682+00
26,00 .1CAS+01 .6919¢00 .6T21401 .1684+04 .9151403 .5752¢03 23980403 .5292403 .T449400 .933340C | 9687400
27.00 .1032¢D1 .T18Be¢00 .6470401 1620404 .7R42+03 5724403 «4114+403 .5283403 ,7033400 .8965400 -9598400
28.00 .1G3B+01l .T149¢00 6554491 .1641+C4 .7939+03 .5759+03 24117403 5283403 ,T7094+00 ,9069+400 .94626400
25.00 .1022401 . B438000 .5232¢01 .1305¢C4 .6321+03 5741403 24845403 .5245¢93 4986400 .T7052400 .94T9+00
30.00 .1020401 .BS08¢00 .5185+401 .1294404 .6270403 5752403 4893403 .5247+J3 .4B6L+00 .6928+400 , 9554400
33.00 1013401 .9380¢00 .3427401 8582403 .4134403 .5752¢02 «5395¢73  .5283+403 3037400 464540C .9327+00
32.00 .1020401 .9377+00 .3455431 .8&52¢03 .421TeN3 .5T52403 25393003 .5283403  .3045¢00_ 4657400 .9380400
33,00 1231401 4733400 .1463+02 .3862404 .1T084+04 .114840% ~5434403 .5278¢D3 1000401 L2077+01 .9901+00
34.00 1230401 4729400 1463402 .3657404 .1784+04 .1148+04 +5430+03 .5265¢03 .1000401 .2077+01 .988T+00
35,09 1059401 .5779+400 .1430402 .3585404 .1746+04 .1145+404 « 6615403 .5293¢03 .9209400 ,2051¢01 ,9777+00 .
36.00 1062401 5821400 .1430402 .3585¢04 .1T46404 .1149+04 -6686+403 .5300+D03 .9143¢00 .2055+01 .9752400
37.00 .1041¢01 .T106+400 .1321+02 .3314+04 .1612¢04 .1152404 +B1B4403 .5302403 .7161+00 .182%+01 ,9878+00
38.00 .1041401 7132400 .13184¢02 .3302404 .1606+04 .1152¢04 -8215403 .5307403 .7119+400 ,1818+01 ,986T+00
39.00 1019401 .8401400 .1069402 .2676+04 .1298+04 .1152404 9876401 5282403 .5051+00 .1429+01 ,9596400
£0.00 +1022¢01 .8372400 .1077402 .2695+¢04 .1309+04 .1152+04 9642403 5282403 .5104+00 .1440+01 _9%595400
41,00 .1008401  ,93T75¢00 .7041¢01 .1763+04 ,.8540403 ,1149+04 21077404 .5282¢03 .3051400 .9321400  .9%49+00 _
42,00 .1009401 .9391+400 .69T8+01 .1T47404 oB4BT+03 .1151¢04 .1081404 .5282+03 .3010400 .9222400 .9562400
43.00 .1244401 .4T53400 2206402 5511404 .2T703¢04 .1733+04 .82386403 .5257403 .1000¢01 .3134¢C1 ,9872+00
44,00 ,1240401 .4TST+00 .2211402 .550T+04 2702404 1733404 +B8244403 .5227+403 .1000401 3134401 .9866+00
45,00 .1054401 .S889400  .2159¢02 .5388404 .2643+04 .173%+04 +1018¢04 .5245403 .9067+00 .3095+401 .9718e¢00
46.00 1051401 .5880400 .2157402 .5388404 .2645404 .1T31404 1018404 5257403 .9051+00 .308T+01 .9741+00
ise 47.00 1039401 .7085¢00 .1985+42 .5001+#04 .2453404 1733404 21228404 -5350+03 .T193400 .2753401 .968T+00 —
48.00 .1036¢01 .T7202¢00 .1957¢02 .4929404 .2415+04 .1731+04 124704 .5347+03 .7011¢00 .2706401 .9668+00
49,00 21022401 .8413400 .1594402 .4005404 .1958404 .1T732+04 1457404 .5303403 .5031400 .2143401 .9578+00
20,00 +1020¢01 .843T+00 .1584402 3973404 .1940004 .1729204 1459404 5303403 .49BT+00 .2124+01 ,9581+00
51.00 +1006¢01 .9437+00 .9973+01 .2517+04 .1220404 .1724+04 1629404 .5368403 .28B8400 .1332401 9534400
$2.00 .1008+01 .9422+00 .1030402 .2598+04 .1261¢04 .1733+04 1633404 .53862403 .2929+400 .1354401 .9478+400
$3,00 2000401 .AT46400 2212402 .5523404 .2709404 .1T37404 8242403 .5252403  .1000+01 .3141401 ,9873400 _
54,00 .2006401 .4745¢00 .22214¢02 5530404 .2715404 .1T40+04 8258403 .522T+03 .1000401 .314T+01 .9854¢00
55.00 1491401 4761400 .2217+402 .%5492+¢04 .249T¢04 .1730404 .823%403 .5170¢03 .1000+01 .3128401 _9856+¢00
56.00 +149T¢01 . 4759400 .2228402 .5512+04 .2706+04 .17356404 8262403 .5157403 .1000401 .3140401 _ga57+00
57.00 1235401 L4T740400 .2225+¢02 .5491¢04 .2701¢04 .1727+04 8188403 .5130403 .1000+01 .3124401 .9869+00
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