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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. 

in 
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NOMENCLATURE 

A Area,  ft2,   in. 2 

Cf Discharge coefficient 

g Dimensional constant,  32. 174 lbm-ft/lbf-sec2 

M Mach number 

P Total pressure,  psfa 

p Static pressure,  psfa 

R Gas constant for air,  53.34 ft-lbf/lbm-°R 

Re Reynolds number 

T Total temperature,  °R 

V Velocity, ft/sec 

W Flow rate, lbm/sec 

y Ratio of specific heats 

(i Viscosity, lbf-sec/ft2 

p Density,  lbm/ft3 

SUBSCRIPTS 

1,2,3, 
etc. Instrumentation stations 

a Air 

cr Critical 

i            - .'    Indicated 

s Standard 

. t Venturi throat 

VI 
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SECTION I 

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  II 

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 following table: 
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Configuration 

Venturi 
Throat 

Diameter, 
in. 

Centerbody 
Diameter, 

in. 

Throat 
AnnuluB 
Height, 

in. 

Throat Flow Area Equivalent 
Diameter, 

in. ft3 in. 2 

1 10.096 (None) 10.096 0. 5569 80.049 — 

2 10.096 6. 249 1.923 0.3430 49.387 7.929 

3 10.096 7.855 1. 120 0. 2194 31.592 6.342 

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 III 

PROCEDURE 

Air was supplied to the test cell with a moisture content of less 
than 4 grains/lb.    Inlet air total temperature was maintained at 70CF, 
and inlet pressure was set at the value required to establish the 
desired Reynolds 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 IV 
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 0.3 2 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. 096-in. - 
diam throat section,   configuration 2 -was the basic venturi with a 
6, 249-in. -diam centerbody installed,  and configuration 3 was the basic 
venturi with a 7. 855-in, -diam centerbody. 

The theoretical coefficients presented were mathematically obtained 
by using the Tucker technique for determining turbulent boundary^, ayer 
growth in compressible flow (Ref.   2) and the techniques of Ret".   3for 
determining cen^TiYugaTToFce effects on flow at the venturi tnroai. * 
Perfect gas behavior was assumed for aTflihalyses and test results pre- 
sented in this discussion. 
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4.1   VENTURI 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 significantly 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 10^. 

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  VENTURI 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 10^,  whereas,  at Reynolds numbers greater than 
0. 9 x 10^,  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 10^,    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 ratio 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 result 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 Reynolds 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 subcritical 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  I 
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 venturi throat) was calculated 
from the following critical flow equation: 

y+i 

Wa,   =   P^Cf       UL 
y + 1 

2(y-i) 

and Cf2 = 0. 993 5.    Cf2 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 

W 
P6

A6 27S 
a6. ip-Otl J   RT6.<?-D 

1      r6   7 

7-1 

■ - ftp 
(2)   Critical Operation 

PSA6 RT6 

_ y + i 

y+l 

2 (y-i) 

DISCHARGE COEFFICIENT 

The discharge coefficient of the test venturi was determined from 
the equation 

Wa 

19 
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MÄCH NUMBER 

Mach number was obtained from the equation 

M = y-1 m y-i 
- l 

REYNOLDS NUMBER 

Reynolds number was obtained from the equation 

Re   = 
\± 

where the characteristic length, &, was taken as the diameter of the 
test venturi throat for configuration 1 and as an equivalent diameter 
(based on the throat flow area) for configurations 2 and 3. 

20 
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APPENDIX   II 

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 10+1 = 1. 237, 
. 9755 + 00-0. 9755 x 10^ - 0. 9755 

21 
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.9*17 + 110 
2.00 
3.Qf> 

. 175'1+M 

.1741+flI 
. .'707+0+ 
.       -1+0* 

*.00 
«.an 

-125++01 
J_IZ5J+;II 

.+737+01 

.*7*6+00 
.1839*02 
.1*65*02 

.*603+[i* 

.3682+0* 
.2751+0* 
.1744+04 

.1+39+0+ 

.1150+0+ 
. 1*22+0+ 
. 1 138+0 + 

.6815+03 

.»+69+03 
.5278+03 
-531B+0L 
.5317+03 
.5273+01 
.•i.'di.lll 
-5»93+nl 

.iono+01     -2602+ui 
,lono+ijJL_Iü)8t+oi 
.1000+0]       .7077+01 
. 10nu+al     . 15.&6+UI 
.1000+111       .1559+01 
.1000+01       .1030+01 

.9933+111] 

.9936+110 

.9q!il+oo 

.99Q1+JÜI 

.9916+00 

.99+A+Ü0 

e.ao 
7.00 
e.oo 

,1239+ni 
-l^iS+lll 
.1250+|>1 
.i7+6*ni 

.+729+00 

.VZ+l + OO 

.4729+00 
-*685+00 

.110**02 
.3682+0+ 
.<LT*l + 0* 

.1793+0* 

.1340+04 
.11+9*0* 
,8656+n3 

-1151+0+ 
.B*>?8 + 03 

..8522+03 
.5585+03 

.5+32+03 

.+1U++03 

.+076+03 

.2669+03 
.1100*02 
.7280+01 

.275**0* 

.1825*0+ 
-133f + '.'* 
.0925+03 

.Bin 21+03 

.••696+113 
icon 
11. CO 

.1237+01 
.I27**ul 
.1222-f.H 
.1176+131 
.int+oi 
.1CH6+01 

.+679+00 
•466++00 
.*6T3+no 
.^+680+00 
.+(, 06+00 
.es?6+na 

.7280+01 
,5«L3+0l  . 
.5;194*U1 
.3596+01 

.1825+0* 

.1161+0+ 

.1117+0* 
,B9R6+f)3 

.14116 + 03 

.6366+03 

.M'iST + tJ3 

.4260403 
-*;+5*03 
.HT4O+0J 

.5696+03 
-+75++03 
.+25++03 
.2313+03 
.2792+03 
.■.752+01 

.5593+03 
_*iU2+03 

.+250+03 
J2818+03 

.2665+03 

.1984+0 3 

.1988+03 

.1317+01 

.5293+03 
■5373+03 
.5323+03 
-5262+J13_ 
.5265+03 
.5312+03 

.1000+01       .1030*01 
_. 1000*01      .769++00. 
.1000+01      .T69+tOO 
. 1O0O+1U .SD87+00 
.1000+01      .5049+00 
.9 11++ÜÜ      .1323*01 

.99+6+00 

.9929+0tt_ 

.9903+00 
J991S+O0_ 
.9954+00 
.+112..i,«j 

I2.au 
13.EO_ 
H.rn 
i?.oo 

.3581+01 

.7192 + n 
.9951*03 
. IHL16+<1 + 

.2836+03 

.5625+03 
.1286+03 
.3351+03 

L MM 
.1066+01 
.1052+C1 

.6006+011 

.7275+00 
.+H97+01 
.ftiSV+ril 
,6217 + Lll 
,*8+0+(U 
. 3444+01 
. i; 1 r.+u 1 

.1 r5ft+U+ 

.1605+0+ 

.l56<j + 0 + 

.1211+)* 

.H733+03 

-rt*9*»uj 
.77+f+03 
.75 36+113 
.5815*03 
.+135+03 
- + 37t.f|3 

. '16*6+0 3 

.5682+03 

.5682+03 

.567++01 

.57+5*03 

.5692+03 

.55+2*03 

.562.0+QJ_ 

.5571+03 

.3611*03 

.5742*03 
-■5^90+03 

.3391+03 
..4134+03 . 

.4195+03 

.+927*03 

.5383+03 
^.5272+Q3_ 

.5310+03 

.5303+03 

.5103+03 

.5273+03 

.5263+03 
-S?7?+nl 

.5205+01 
.5292+03 
.5302+01 
.5203+03 
.5208+03 
.5282*03 
.5302+03 
.1205+03 
.5267+03 
.1277+03 
.5315+03 
.5317+03 
.5290+03 
.5Z90+03 
.5318+03 
.5113+03 

.365**00 

.4897+00 

.6728*00 

.4537*00 

.3064*00 
-332<i.nn 

.1000+01 

.1000+01 

.1000+01 

.1000+01 

.1000+01 

.1000+01 

.1000+01 

.1000+01 

.1000+01 

.1000+01 

.1000+01 

.1000+01 

.1000+01 

.1000+01 
•looö+di 
.1000+01 

.9992+00 
J&790+00 
.8649+00 
.6412*00 
.+677+00 
.+9ag+nn 

.2440+01 
.2454+01 
.2047+01 
.2047*01 
.1634+01 
.1610+01 
.1228+01 
,1225+01 
.8131+00 
.8111+00 
-601++00 
.600++00 
.+006+0 0 
.3986+00 
.80+1+00 
.8051+00 

.9773+00 

.9669+011 

.9508+00 

.9539*00 

.9*28*00 

.9+7 won 

IP. 00 
19.00 
?f.no 

.1052*^1 

.H-32+ül 

.1012+01 

. n?9+n 

.7383*0(1 

.8633+00 

.9370+00 
.<3J61.l>tJ 

P.B0+1I   VSHIURl   TEST  0 

1.00     .1237+01 
2.00     .12*3+01 
3.00     .7009+00 
*.00      .7008+00 

2   TEST   DAT 

-*8*9+00 
.+•57+00 
-*852+00 
-*851*00 
-*8*9*00 
.*fl+*»00 
.*e*2*oo 
.*8*2*00 
.*833*00 
.4805*00 
.4806+00 
.+796*00 
.4858+00 
.4795+00 
.4781+00 
.4791+00 
.5639+00 
.5769+00 
.6990+00 
.7029+00 
.+852+00 
.4859+00 

E   10-26-6» 

.1350+02 

.1352+02 

.1129+02 

.1129+02 

.9018+01 

.9013+01 

.6809+01 

.6755+01 
,**86+01 
•*501+01 
.3315+01 
.3320+01 
.2199+01 
.2200+01 
.**36+01 
.**55+01 
.++1++01 
.*392+01 
.*103+01 
.*06L*01 
.1355+02 
.1360+02 
.1361+02 
.136*+02 
.136**02 
.133*+02 
.1333+02 
.1231+02 
.1232+02 

COMPUTED 

.3382+0* 

.3387+0* 

.2833+04 

.2827+0* 

DATE   01-03 

.16+5+04 

.16+9+04 

.1376+0+ 

.1374+04 

-66   . 

.1721+04 

.1728+0+ 

.1**1+0+ 

.1**1+0+ 

.1150+0+ 

.11+8+0+ 

.86+2+03 

.8621+03 

.5724+03 

.5710+03 

.+233+03 

.+226+03 

.2820+03 

.2806+03 

.5660+03 

.5667+03 

.1154+03 

.0391+03 

.6990+03 

.6992+03 

.5578 + 03 

.5559+03 

.9*73+00 

.986++00 
•9B9++00 
.987++00 

;.oo 
6.00 
7.0« 
8.00 
«.00 

10.00 
1 L.no 
12.00 
13.00 
14.90 
15.00 
lt.no 
17.ou 
IB.00 
19-00 
2C-00 
21.DO 
22.00 

.1231+01 

.1228+01 

.12 30+01 

.1227+01 

.121*+0l 
-12l*+Dl 
.2095+01 
.1192+01 
.117**01 
.1178+01 
.1302+01 
.1313+01 
.10112+01 
.1065*01 
.1060+01 
.10*7*01 
.12*5*01 
.12*1*01 

.2259+0* 

.2256+0* 

.1708+04 

.1692+0+ 

.1122+04 

.1126+04 

.8325+0 3 

.8339*03 

.5509+03 

.5513+03 

.111**0* 

.1119*0* 

.1105*0* 

.1100+0* 

.1027+0+ 

.1017+0+ 

.3*05+0+ 

.3+05+0+ 

.1094+0+ 

.1109+0+ 

.8258+03 

.8183+03 

.5372+OJ 

.5377+03 

.39+1+03 

.39 3++03 

.2609+03 

.2605+03 

.5309+03 

.5321+03 

.5260+03 

.52+5+03 

.5873+03 

.+829+03 

.1655+0* 

.1657+0* 

.9882+00 

.4893+00 
•99+++O0 
•987++00 
.9859+00 
,992?+G0 
.9896+00 
.9929+00 
.9811+00 
.98*7+00 
.4907+00 
.4432+00 

. + 18**03 

.+17++03 

.2766+03 

.2743+03 

.2034+03 

.2027+0 3 

.1370+03 

.1345+0 3 

.2706+0 3 

.2715+03 

  

.567++C3 

.567++03 

.5717+03 

.5667*03 

.1733*04 

.1735*04 

.1200+03 

.327++0 3 

.3996+0 3 

.3983+03 

.8+07+03 

.8+28+03 

-52B3+03 
.5283+03 
.5282+03 
.5283+03 
.5319*03 
.5282+03 

.9+29+00 
•922++Ö0 
.73*0+00 
.72BO+00 
.1000+01 
.1000+01 

.1031+00 

.7991+00 

.727 2+00 

.712++00 

.2+61+01 

.2+6++01 

.9*31+00 

.9801+00 

.9693+00 

.9710+00 

.9*87+00 
.4875+00 

23.00 
2*. 00 
25.00 
26.00 
27.00 
28.00 

.12*5+01 

.1*96*01 

.1503*01 

.1101+01 

.1105+01 

.1060+01 

.1067+01 

.48*3+00 
,+866+00 
.48*2+00 
.5830+00 
.5880+00 
•71*T+00 

.3+06+0+ 

.3+13+0+ 

.3+13+0+ 

.3339+0+ 

.3338+0* 

.3079*0* 

.1657+0+ 

.1662+0* 
.1661+0+ 
.162++0+ 
.1625+0+ 
.1497+0* 

.1736*04 

.1738*0+ 

.1739*0* 

.1726*04 

.1730*0* 

.1729+0+ 

.B++Z+03 

.8+57+03 

.8+19+03 

.1006+0+ 
•101B+0+ 
.1236+0* 

.5277+03 

.5275*03 

.5273+03 

.5283+03 

.5285*53" 

.5273*03 

.looa+ol 

.1000+01 

.1000+01 

.9129+00 

.9051+00 

.7097+00 

.2+66+01 

.2469+01 

.2+70+01 

.2423+01 

.242++01 

.2139+01 

.9871+00 

.4880+00 

.9*76+00 
.9804+00 
.9785+00 
.97+6+00 

29.00 .7136+00 .3081+0* .1+99+0* .1729+04 .123++D* .5272*03 -711* + 00 .21+3+01 .47+2+00 



HB04.lt   VEHTURI   TEST   03   TEST   E'TE    10-27-65   CDHPUTfp   P*T£   12-27-65 

P5 
P5 

*.,. P| 92 %             P5r             P6 V M6 \ 
c 

POINT '6 
NO. Ib/soc m  

. •R ~~^ 
1-00 .2503*01 ,4«87+01 .72311 + 01 .1808+04 .8738+03 .1443+04 .7058+03 .526U+J3 .544 7+00 .1190+01 1 .9859+00 
7.00 .250 3+^ I ,4*88+00 .7237+01 .1807+04 ,8729+03 .1441+04 .7046+13 .5253*03 .1000+31 .1638*01 .9861+00 
3.on -16*8+01 .4693*00 .7215+^1 .1810+^4 .8750+03 

.8752+03 
.1442+04 
.14*3*34 

.7057+03 .5302*03 .1000*01 .1639+01 .9872+00 
+ .OG .16*6401 .4696+00 .7223+01 .iaio»:4 .TO 64403 .5309*03 .1000+01 .1639+C1 .9884+00 
s.oa . 1?4*+11 .4884+00 .7210+01 .1807+04 .8733+03 .1441+34 .7037+3? .529J.+ 03 • 100C+M .1637+01 ,9866+00 
6. 00 .1747+01 .4890+00 .7230+01 ■1812+04 .8752+03 .1444*34 .7059+33 .5ZV303 .1000*>l .1640+01 .9874+00 
T.oa .1104+01 .6B21+00 .6757+01 .1693+04 .8163+13 .1417+04 .9603+0' .5293*03 .7600+00 .1402+01 .9799+00 
B.OO . HCf + 11 .6788+00 .67B6+01 .1701+04 .8226+13 .1444+0 4 .9799+0* .5293+13 ,7650+OD -1495+L'l .9775+00 
9.00 .1237+01 

.1239+01 
.4995+00 
.4891+00 

,8658+Cl 
.8661+01 

.2172+04 .1050+L4 .1732+04 .8477+J3 .530 4+03 .1000401 -l')6e+01 .9865+00 
1C.C0 .2173+04 .1051+04 .1733+34 .8474*0 1 .5301+13 ,1000+Tl .1969+^1 .9B64+00 
11.00 .1242+01 .4897+00 .7226+CI .1813+0+ .8766+03 . 1444* f. .7069+ri t .5307*11 .1000*01 .1*40+11 .98B1+0C 
12.00 .1?4?+01 .4893+OU .7227+01 .1811+04 .8T64+03 .1444+C4 .70*3+0 3 .579 3*11 .1000+01 .1*40401 .9B70+00 
13.00 .1224+01 .49n7+on ,5761+Cl .1442+04 .6931+03 . 11 4',+04 .1612*03 .9270403 .1000+01 .1799+,~1 .9917+00 
14.CO .1234+01 .4870+00 .5754+01 .1441+04 .6975+03 .1152+   4 .5610+34 .579 3+03 .1000+01 .1309+1.1 .9837+PC 
15.00 .1229+01 .4881+00 .4319+fl .ll.'82 + Ü* • ■J191+53 ,8634+03 .4214+0 3 

.47 16+03 
.5293tl>3 
.529i+03 

.1000+01 

.1Ü0C+01 
.9810+OC 
.9810+00 

.9861+00 
16.00 .1227+01 •48B3+00 .4J15+C1 .1031+04 .5199*03 .1634*?3 .9852+00 
IT.00 .1212+01 .4914+00 .2667+01 .7166+03 .4473+   i .5744+03 .2823+J3 .5293+03 •looo+oi .6577+00 .9840+CC 
IE.DO .1205+01 .4891+00 .?86»+<M .7193+03 .340b+ '3 .5737*03 . ?60r>+0 1 .5302+33 •1000+Jl .65)9+00 .9B62+C0 
19.00 .1196+01 .4935+00 .2126+01 .5322+U3 .2533+33 .4278+03 .2111403 .5281+03 .looo+ni .4HM+00 .9786+00 
2C.00 .1195+01 .4386+03 .212,6+0] .5322+03 .2531+13 .4275+--1 .2089*00 .5731+01 .loon+.ji .4857+00 .9794+00 
21.00 .1176+01 .4946+00 .14U(-+C1 .3522+03 .1697+03 .2840*03 .1 405+113 

.1392+03 
.5272+03 • looo+'ji .322740(1 .9755+00 

21.00 .1205*01 .4908+00 .1406+^1 .3515+03 .1'. "0+0 3 .2817+03 .5769*03 .1000+Cl .3773+CO .9740+00 
23.00 .1305+01 .4876+00 .2640« 11 .7150+03 .3420+03 .5723+03 -2792+D3 .5317+03 .loOO+Ol .6513+00 .9837+aC 
24.00 .1109+01 .4697+00 .2640+01 .715(3 + 03 .3*17+03 .5744+03 • 20134(1 1 .5322+M3 -ICOO+31 .6527+00 .9801+00 
2S.00 .1144+01 .5795+00 .2622+01 .7098+03 .3376+03 .5753+03 .3337+1 .5332+13 .J185+0O .6478+00 .9754+00 
26.00 .1143+01 .5785+00 .2623+01 .7094+^3 .3378+03 .5755+03 .3329+3 3 .5322+03 .9199+00 .64 77+00 .9753+00 
27.00 .1096*01 .7235+00 .2567+01 .6433+03 .3065*03 .5758+03 .4166+01 ,''<l92i'l3 .1.760+00 .5629+00 .9646+00 
2C.00 
33.CO 

.1097+01 

.1239.01 
.7245+00 
.4635+00 

.2558+01 

.9638+01 
.6405+03 
,?lb4+C4 

.305 3+0 3 

.1047+^4 
.5751+03 
. 1730*04 

.4167+J) 

.8450+01 
,i.V|t*+03 
.539(1*.: J 

.',,944*00 

.1000+0 1 
.5614+00 
.1965+01 

.9625+00 

.9847+00 
3*.CO .1239+01 .46JI9+C0 .8660+01 .216   +04 .10*0404 .1730+04 .8461+03 .<. 2«'>*'>■) .1000401 .1966+1.1 ,9857+00 
35.00 .1139+01 .5926+00 .8489+01 .21264J4 .1047+14 .1731+04 .1026404 .•,;*>*■>* .8979+00 .193*401 •9748+aC 
3e.ro .1130+01 .5596+03 .6466+01 .2120404 .1026+04 .1713+04 .1   39+04 .5.»Bl+LH .8P70+OQ .19 27+ '1 .9737+00 
3T.C0 .1C9B+01 .7193+00 .7797+01 .l-j;-^  * .9503+I-.3 .1730+34 .1245+J4 

.1251+.4 
.5792+03 
.4>J9Z+'I3 

.7025+00 

.6971+00 
.1702+01 
•1*94+0 1 

.9707+00 
SB. 00 .1099+ni -727B+O0 .floai+oi • H48+04 .9492»   3 .17*1+04 .9709+00 
43.00 .1230+01 .+Pfl?+üO .5786+01 .1451+04 .7' 1J+ '3 . 1156+'J4 .5645.     1 .5792*Jl .1000+01 .1314+H1 -9B6 3+00 
44. 0" .1224+01 .4660+00 .5751+01 .1441+C* .6994+03 .1151*   4 .5594+U3 .5 292+-) i .l'JOO+ni .1300+01 .9848+00 
45.no .1134+01 .5<J08+PI ,5679+Cl .1422+04 .6652*03 . 1113+04 .6811+03 .5282+03 .900 7+00 .17K9+tl .9788+OC 
4 6.(10 .11Z7+01 -5671+Lil .56T2+M .1420+34 .6R61+r3 .1151+1.4 .6767+0 3 .5282*03 .9053+00 .1289+0 1 .9763+00 
4 7. CO .ir9C+11 .7144+00 .5243+01 .1313+04 .6290+03 .1151+U4 .8723+ 1 i .5282*33 .7102+uO .1140+1-1 .9755+00 
48.00      .1097+111      .7143 + 00 .5250KM       .1315+04      ,63B6+i>3 . 1155+-I4 .•).".* + '.  -1 .7104»1il      .1143+",]     -9738+OC 

> 
m 

n 

to 

30 
i. 

4 
Ul 



i-o 

»60*11   VENTUftl   TEST  04  TEST  D»TE   10-28-63  COMMUTED DATE  01-03-66 

m 

POINT 
NO. ~^ p5 

wa,. "l "a 'S            *5 r w "6 ■l *»• 
lb/sec 

 ■*- •R 
[6.00 
IT. 00 

.1237+01 
.1237+01 
.1226+01 

.4742+00. 

.4665+00 

.4731+00 

.2193+02 
.2146+02 

.5511+04 

.5515+04 
.7705+04 
.2704+04 

.1731+04 

.1727+04 
.•20*+03 
.6092+03 

.5327+03 

.5315+03 
.1000*11 
-looo+oi 
.1000+01 

.3131+Ul 

.3124+01 

.2074+01 

.9884+00 

.9912+00 
te.oo .1462+02 .3666+04 .1787+04 .1147+04 .5426+0 3 .5302+03 .9978+00 
19.00 .1224+01 .4742+00 .1460+02 .3670+04 .1789+04 .1149+04 .5449+0 3 .5323+03 .1000+01 ,2078+01 .9916*00 
20.00 .1213+01 .4741+00 .7284*01 .1677+04 .8837+03 .5731+03 .2717+03 .5300+03 .tooo+oi .1036+01 ^9696+00 

li.oo .1213+01 .4741 + 011 .7267+01 .1822*0* .E«3C*^3 .5774+03 .2714*1 - .3297+0) -loo"* a .1035+01 .9882+00 
22.00 .1297+01 .4732+00 .7284+01 .1824+04 .8830+03 .3717+1) .2705+0» .5283+03 .1000+01 .!•    ' .9906+00 
23.00 .1305+01 .4745+00 .7283+01 .1824+04 .Bftl   ••■-< .5717+B3 .2712+0) .S2R3+03 .lOQO+nl 

.9099+00 
.10 »4+.H 
.iniwii 

.9 9C4+0C 
24.00 .10*5+01 .5649+00 .7085+01 .1T74+04 .8573+03 .5681+03 .3323+0) .328)*03 .<>Tö5 + 0t 
23.00 .10*2+01 .6003+00 .7014+01 .1756+04 .6M8 + 03 .5699+03 .3421 + 03 .5285*03 .8859+00 .10U9+U1 .9682+00 
26.04 .lr*5+01 .6919+00 .6721+01 .1684+04 .8131+ >! .5752+03 .39BU+0 3 .*2<i .7449+00 .9333+lu |   .■»687 + 00 
27.00 .1032+01 .7168+00 .6470+01 .1620+04 .7A47*.  i .5724+03 .4114+03 .5 28S+0) .7033+00 .S965+L>[J .9390+00 
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