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INTRODUCTION 

The impedance ring in the inner reflector-outer reflector annulus of 

the NRX-A2 reactor is a means of balancing flow in that region with the flow 

in other parts of the reflector system. The ring is welded to the aluminum 

barrel which forms the inner diameter of the flow annulus. The outer diameter 

is formed by the outer reflector. The flow area of the impedance ring is 

determined by the machined slots cut into it, and by the clearance between the 

ring and the inner diameter of the outer reflector. 

This memo presents the results of tests performed using hydrogen gas 

at ambient temperatiire and an inlet pressure of 750 psig. Data was obtained 

for the metering rings having design dimensions and for nominal annulus clear­

ances of .080 and .130 inches. A comparison is given between the loss coeffi­

cients and friction factors for these data and values from the previously 

reported air data.-*-

TEST APPARATUS AND INSTRUMENTATION 

The model used in these tests, which was constructed according to 

Drawing NT-576F056, is shown in Figures 1 and 2. It consists of a flat piece 

of aluminum on each end of which is machined a rectangular plenum. A .080-inch 

deep rectangular flow channel was machined lengthwise in the piece and a slot 

was cut perpendicular to this into which interchangeable metering rings were 

1 
V.R.Amatangelo, WANL-TME-669, "An Experimental Determination of the 

Pressure Loss Coefficients for the Inner Reflector-Outer Reflector Annulus 
Using Air", January 1964. 
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fitted. A stand-off type spacer plate, which is used during the testing of 

rings A. B, and C, is replaced by a blank plate when rings D, E, and F are 

tested (Figure 2). 

Four different cover plates are available. The first is a flat 

plate which limits the depth of the flow channel to the .080-inch deep groove 

cut into the model base. Two of the other cover plates have a rectangvilar 

channel which corresponds in length and width to the .080-inch channel cut 

into the base and which are .015 and .050 inch, respectively. The last plate 

has a stepped-up configuration of .015-inch thickness and which again conforms 

geometrically to the base channel. Thus, channel depths of .080, .095, -130 and 

.065 inch respectively, are available by using these covers. 

Overall the model simulates a 10° sector of the impedance ring in 

the inner reflector-outer reflector flow annulus. Since this does not fully 

simulate the angular sjnnmetry of the impedance ring, two different metering 

ring geometries were used. Type "A" ring consists of a full "land" section 

with half grooves on either side and has design dimensions. Types "B" and "C" 

have the same configuration and dimensions which give smaller and larger flow 

areas, respectively. Type "D" ring represents a full groove with half "lands" 

on either side. It has design dimensions while rings "E" and "F" have dimen­

sions giving a larger and smaller flow area, respectively. A sketch of the 

two ring configurations and their dimensions is given in Figure 3, and a 

photograph of the rings along with the cover plates is given in Figure 4. 

Atomic En 

2* 
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For the air tests, data was obtained for all metering ring and cover 

plate combinations. However, since the hj^rogen tests were done primarily for 

comparison, only combinations of the "A" and "D" rings and the .080 and .130 inch 

annulus clearances were tested. 

During a test of the fixture, the working fluid was introduced into 

the inlet plenum through a series of ten 3/l6-inch diameter holes. This pro­

vided a uniform pressure distribution in the inlet plenum and an evenly distri­

buted flow to the simulated inner reflector-outer reflector annulus. From the 

inlet plenum, the flow proceeded down the annulus, across the metering ring, and 

expanded into the outlet plenum. 

For the air tests the pressure in the inlet plenum was measured by 

taps Pi, P]ĵ , and P^g (see Figure l). The pressure in the annulus just down­

stream of the inlet plenum was given by taps P/. and P̂ g and the differential 

pressure between this point and the inlet plenum was taken from taps P^ and P^^. 

The pressure in the annulus upstream of the metering ring was measured by taps 

Pgĵ  and Pgg^ and the differential pressure in the 3-inch annular section was 

read as 'P(^p^ - Pg;̂ . The exhaust plenum pressure was determined using taps P̂  , 

P/^, and P^g. The pressure drop across the metering ring was measured using 

taps Pg^ and P, . 

While testing with hjrdrogen the same static pressure measurements were 

made. Also, in addition to the differential pressures measured during the air 

tests, pressure drops were measured from P^ to P^g, from P̂ g to Pgg, and from 

Pgg to P^. During all tests the inlet and exhaust plentun temperatures were 

measured and flow rates were determined using calibrated nozzles made to ASME 

specifications. 

""lAL 
DATA 3 
954 
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The model was installed in a flow loop having a normal flow capacity 

of 0.2 pps of hydrogen. Inlet pressure was controlled by a remotely operated 

pressure reducing valve. Outlet pressure was similarly maintained by a flow 

valve also operated from the control room. The entire flow in the system was 

measured through a precalibrated sonic flow orifice. The discharge gas was 

vented to a flared stack. The flow loop was also provided with a bank of helium 

bottles used for complete purging of the system before and after each test. 

Supply lines for both hydrogen and helium gases were remotely operated from the 

control room. 

CALCULATIONS 

The experimental data was reduced and the loss coefficients, Reynolds 

numbers, etc., were calculated using the following equations. 

Since different nozzles were used in the air and hydrogen tests, the 

mass flow equation depends upon which fluid was used. For the air tests 

W = C])A 2kgf^A^^AiR^/^ - R^+^/^) 

(k-1) (l-^2j^2/kj 

where 

W = mass flow (lb/sec) 

Cj) = nozzle discharge coefficient (0.98) 

A = nozzle area (1 in.diam.) 
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P-
g 

k 

R 

PA 

P5A 

T5A 

P5A 

area ratio (nozzle area to pipe area) (0.49421) 

gravitational constant (32.17 ft/sec ) 

specific heat ratio (1.4 for air) 

pressure ratio = Pĵ /Pcĵ  

atmospheric pressure (psi) 

absolute press\ire at inlet of the flow measuring 

nozzle (psia) 

air temperature at inlet of the flow measuring nozzle (°R) 

density at P̂ . and Tcĵ  (Ib/cu ft) 

The hydrogen flow rates were computed from a sonic orifice flow meter from 

the formula 

w = .00962 P 

Tidiere 

P = absolute pressure at the nozzle inlet (psia) 

T = temperature of fluid at nozzle Inlet (°R) 

and the other symbols have the same meaning as in the air tests. 

file:///stronucleaf
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The loss coefficients were given by 

= 0.44686 P A P A^ 

W 

where 

C =^ loss coefficient 

P = density evaluated at upstream conditions using Perfect 

Gas Law for the air tests or a properties subroutine 

for the hydrogen tests (lb/ft3) 

/\P = average pressure drop across the component (psi) 

A = geometrical flow area (in.2) 

The friction factor was computed using 

r = 0.44686 P A P Â  D̂  

w-̂  

where 

friction factor 

equivalent diameter (in.) , 4 A 

w 

"w 

L 

wetted perimeter (in.) 

length of annulus across which the pressure drop is 

measured (in.) 
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and all other symbols are the same as in the loss coefficient equation. 

The Reynolds number was defined for these tests by 

Re 12 W De 

where 

Re = Reynolds number 

JA. ~ absolute viscosity (lb/ft sec) 

and the other symbols have been previously defined,, 

RESULTS 

The data obtained from the hydrogen tests was reduced using a 

modified form of the computer program used for the air data. The gas pro­

perties were calculated by a normal (25^ para-) hjrdrogen subroutine. 

The computer program and the output for the various test configu­

rations is given in Appendix A. Blanks under some of the pressure drops 

indicate that no reading was made for that drop dtiring the test. 

Appendix B contains the computer output for the reworked air data. 

All of the test configurations were redone and are reported in the appendix 

although only those annulus clearance and ring configurations which correspond 

to the hydrogen data are plotted. 
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The data for the entrance loss coefficient from the inlet plentm to 

the simulated annulus is plotted in Figures 5-B' Fig-are 5 shows the variation 

C'f the loss coefficient with Reynolds number for the "A" and "D" rings in a 

.080-inch annulus for both air and hydrogen. Figure 6 is the same except that 

the anntilus clearance is .130 inch. Figure 7 is a plot of loss coefficient 

versus Reynolds number for an "A" ring in a .080 and a .130-inch annulus for 

air and hydrogen while Figure 8 is the same except for a "D" ring. 

In Figures 9-12 is displayed the variation of the loss coefficient 

from the annulus, across the metering ring and into the outlet plenum versus 

Reynolds number through the metering ring. The same ring and clearance con-

fiĝ arations as used in Figures 5-8 are used for Figures 9-12. 

DISCUSSION 

The intent of the hydrogen tests was to verify the loss coefficients 

obtained using air at ambient temperature and an inlet pressure of 120 psig. 

The tests were to be conducted at high pressure and cryogenic temperatures. 

However, during attempts at cryogenic sealing it was discovered that the 

annulus surfaces were being bowed out by the high pressure load by as much as 

14 mils at the centerline. Reinforced channel iron backing plates were in­

stalled which reduced this to a negligible amount in the region of the ring. 

Analysis of the test section at cryogenic temperatures revealed that the 

difference in thermal expansion between the aluminum test section and 

materials strong enough to take the bolting loads caused leaks after the 

gasket material had lost its resiliency. An attempt to use a more ductile 
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bolting material with adequate pre-strain to compensate for the difference in 

thermal expansion resulted in appreciable crushing of the model on the bearing 

surfaces. 

The crushed surfaces were used to position the cover plate and 

thereby define the annulus thickness and impedance ring clearance. While the 

crushing was only 3-6 mils, this still resulted in a large percentage change 

in impedance ring flow area, expecially for the .080-inch annulus case. The 

model was re-measured and a rubber impression made of the area over the ring. 

The measurements showed that at least 3 mils uniform crushing had occurred 

over the model base. The rubber impression confirmed these measurements, but 

also indicated that local distortions had decreased the annulus downstream of 

the ring by 6 mils. However, only the uniform crushing could be acco-unted for 

in the analysis. Another variable was discovered vriien re-measuring the impe­

dance rings. Apparently the parts of the rings which contact the cover had 

been crushed on the rings used for the hydrogen test. A set of dimensions 

that made the air and hydrogen results coincide almost exactly were obtained 

by assuming that they had originally had the same dimensions as the other 

rings, that the rings fit exactly on the bottom of the ring groove -when the 

air tests were run, and that no crushing of the annulus sides had taken place 

at that time. However, measiirement of the installed ring dimensions at the 

time that the hydrogen tests were run indicated that the ring clearance 

should be based on the cover rather than on the bottom of the ring groove. 

Therefore these values have been used for comparison with the hydrogen. 

•it 
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Figure 5 presents the annulus inlet loss coefficient C 1-6 vs 

Reynolds number for the .080-inch annulus containing the A ring assembly or 

the D ring assembly. The air data and the hydrogen data have been plotted 

on the same graph for comparison. A similar plot is given in Figure 6 for 

the 0.130-inch annulus. The air restilts are the same as reported earlier 

except that the spacer plate area has been subtracted from the total annulus 

area for the A ring assembly data. 

For the .080-inch annulus, the results obtained using both air and 

hydrogen agree quite well. The Reynolds ntimber range over >*iich the loss 

6 

coefficient remains constant is extended to about 2.5x10 by the hydrogen 

tests. Also, as occurred in the air tests, the hydrogen data gives a loss 

coefficient for the A ring assembly that is about 8 percent higher than that 

for the D ring assembly. This is becuase the annulus area for the A ring 

assembly is less than that for the D ring assembly due to the presence of 

the spacer bar. 

However, in the case of the 0.130-inch annulus, the hydrogen loss 

coefficients are about 10 percent lower than those obtained using air. An 

examination of the equation and the data gives no particular reason idiy this 

shotild occurs however, this is in line with accepted published works in the 

area of Fluid Dynamics and Fluid Mechanics. This is especially true when 

one considers that the data was obtained using two distinct fluids and two 

distinct flow and data acquisition systems. The prime source of experimented 

error would be the pressure drops -vdiich were measured to + 0.2 psi. 

10 0 
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As can be seen by comparing Figures 5 and 6, which is done in 

Figures 7 and 8, the loss coefficient varies -with annulus clearance for the 

same ring. This decrease in coefficient with increasing annulus, which is 

to be expected,*̂  is greater for the A ring than for the D ring. From this 

fact and from the fact that the A and D coefficients were essentially the 

same for the 0.130-inch annulus (Figure 6), it is concluded that the spacer 

bar has more effect in the 0.080-inch annulus than in the 0.130-inch annulus. 

The data for friction factor along the simulated annulus (F 6-8) 

obtained using hydrogen exhibited a large amount of scatter due to the 

small pressure drops involved. For tht 80-mil annulus containing the A ring 

assembly, the most frequently occurring values were around 0.0180 compared 

to a value of 0.0165 from the air data which agrees within about 9 percent. 

The value for air is about 21 percent lower than that previously reported-' 

due to the effect of excluding the spacer plate area in the former equivalent 

diameter and friction factor calculations. For the D ring assembly, 80-mil 

annxilus configuration, a factor of about 0.023 occurred most frequently for 

hydrogen. This deviation from the air value of 0.0175 is reasonable when 

one considers the accuracy to which the pressure drops can be measured, and 

that the tests were conducted using two distinct data acquisition systems. 

2 Hunsacker, J.C. & Rightmire, B.G., Engineering Application of Fluid 
Mechanics, p.153* 

-̂  Amatangelo, V.R., WANL-TME-669, "An Experimental Determination of the 
Pressure Loss Coefficients for the Inner Reflector-Outer Reflector Annulus 
Using Air", January 1964, p.30. 

^ Amatangelo, p.31. 
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The loss coefficient across the metering ring based on metering ring 

area vs Reynolds number for the A and D rings, is presented in Figures 9 and 10 

for the 0.080-inch and 0.130-inch annulus respectively. The air data is dif-

5 
ferent than that given previously because of the spacer bar area and because 

the metering ring clearance is based on the cover as stated earlier (page 9). 

It should be noted that the D ring coefficient is greater than that for the 

A ring for both annuli and both fluids. The explanation of this is given in 

the air report." For the hydrogen data the coefficients remain constant over 

a relatively large Reynolds number range but differ by about 15 to 20 percent 

from the values obtained for the air tests. 

Figures 11 and 12 demonstrate the effect of annulus clearance on the 

metering ring loss coefficient for the A and D rings, respectively. These 

graphs exhibit the expected trends. 

Finally, the loss coefficients for air which were based on the 

metering ring-cover clearance can be converted to those reported earlier which 

were calculated assuming the ring sat down on the base of the ring groove. 

The only change this introduces into the loss coefficient equation is in the 

area term. Thus, for the D ring in a 80-mil annulus, the previously used 

ring clearance was 0.015-inch and the corresponding area -was 0.1186 square 

inches. The metering ring-cover clearance -was 0.012-inch and this gave an 

area of 0.1066 square inches. This represents a decrease of 10 percent in 

area and since the area enters as the square in the loss coefficient formula, 

the loss coefficient could decrease by 20 percent. 

^ Amatangelo, pp.32-33-
° Amatangelo, p.11. 

12 
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CONCLUSIONS 

The loss coefficients 

Metering 
Ring 

A 

D 

A 

D 

A 

D 

A 

D 

Annulus 

80 

80 

77 

77 

130 

130 

127 

127 

obtained for 

Fluid 

air 

air 

hydrogen 

hydrogen 

air 

air 

hydrogen 

hydrogen 

Re No Range 

6xl04 to 9x10^ 

4x10^ to 9x10^ 

9x10^ to 20x10^ 

1.5xl05 to 75xl05 

1.1x10^ to 2.0x105 

l.lxl05 to 2,Qxl05 

1.1x10^ to 2.5xl05 

l.lxl05 to 2.5xl05 

Metering Ring 
Loss Coefficient 

0.58 

0.73 

0.74 

0.85 

'o.34 

0.48 

0.27 

0.39 

From the values obtained for the various loss coefficients using both 

air and hydrogen, which are -within the accuracy one would expect using the above 

measuring techniques, it may be concluded that air tests can be used to predict 

the necessary flow parameters. Thus, the expense and experimental difficulties 

connected with hjrdrogen testing may be avoided when loss coefficients for these 

types of geometries are to be determined. 

13 
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WANÎ TIffi-826 

Figure 2 Inner Iinpedance Ring Fixture 
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Metering Ring Type A, B, or C 
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Metering Ring Type 

A and D 

B and E 
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"X" Dimension (in.) 
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Figure 3 

Metering Ring Cross Sections and Dimensions 
of Various Types 
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'METERING RING TYPE g 

Figure 4 

Inner Imj^dance Ring Fixture Cover Plates and Metering Rings 
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Figure 6 
Inlet Loss Coefficient vs Reynolds Number 

For .130 inch Annxilus, Type A and D Metering Rings 
Air and Hydrogen 
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Figure 7 
Inlet Loss Coefficient vs Reynolds Number 

For Type A Metering Ring, .080 and .130 inch Annulus 
Air and Hydrogen 
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Figure 8 
Inlet Loss Coefficient vs Re3molds Number 

For Type D Metering Ring, .080 and .130 inch Annulus 
Air and Hydrogen 
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Figure 9 
Metering Ring Loss Coefficient vs Reynolds Ntunber 
For .080 inch Annulus, Type A and D Metering Rings 

Air And Hydrogen 
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Figure 10 

Metering Ring Loss Coefficient vs Rejmolds Number 
For .130 inch Annulus, Type A and D Metering Rings, 

Air and Hydrogen 
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Figure 11 
Metering Ring Loss Coefficient vs Reynolds Number 
For Type A Metering Ring, .080 and .130 inch Annulus 

Air and Hydrogen 
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INPUT TAPE 

A 

B 

CMR 

D 

DE 

DPllA 

DPllB 

DP15A 

DP15B 

DP16A 

DP16B 

DP5A8A 

DP5B8B 

DP8A4 

DP8B4 

DP4A4 

DP4B4 

DP14 

APPENDIX A 

COMPUTER PROGRAM NOMENCLATURE 

HYDROGEN DATA 

Width of annulus (3-487 inches) 

Length of raised portion of metering ring 

Metering Ring Clearance 

Annulus clearance 

Equivalent diameter of annulus 

Differential pressure between PI and PIA 

Differential pressure between PI and PIB 

Differential pressure between PI and P5A 

Differential pressure between PI and P5B 

Differential pressure between PI and P6A 

Differential pressure between PI and P6B 

Differential pressure between P5A and PSA 

Differential pressure between P5B and P8B 

Differential pressure across metering ring measured 

from P8A to P4 

Differential pressure across metering ring measured 

from P8B to P4 

Differential pressure between P4A and P4 

Differential pressure between P4B and P4 

Differential pressure between PI and P4 

TIAL 
DATA 26 
1954 
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APPENDIX A (Continued) 

E Height of step in metering ring (0.038 inches) 

PBAROM Atmospheric pressure 

PI Pressure at inlet plentim 

P4 Pressure in exhaust plenum 

P6A Pressure in annulus downstream of the inlet plenum 

P7 Pressure at the inlet of the flow measiiring nozzle 

P8A Pressure just upstream of the metering ring 

Tl Millivolt reading inlet plenxim thermocouple 

T2 Millivolt reading exhaust pleniim thermocouple 

T5 Millivolt reading at the inlet of the flow measuring nozzle 

OUTPUT TAPE 

C84AA 

C84MRA 

DP16AV 

DP58AV 

DP68AV 

DP84AV 

FLOW 

F68 

PlAB 

P6AB 

P8AB 

Metering ring loss coefficient based on annulus area 

Metering ring loss coefficient based on metering ring area 

Average differential pressure measured from PI to P6 

Average differential pressure measured from P5 to P8 

Average differential pressure measured from P6 to P8 

Average differential pressure measured from P8 to P4 

Flow rate 

Annulus friction factor 

Absolute pressure at inlet plenum 

Absolute pressure dowistream of inlet plenum 

Absolute pressure upstream of metering ring 

TIAL 
ED DATA A 27 
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M istronuclear 

WANIr-TME-826 

APPENDIX A (Continued) 

REL8 

RE84 

R01$ 

R068 

R084 

TR 

TRl 

TR2 

VIS84 

Reynolds number in the annulus, based on the equivalent 

diameter of the annulus 

Reynolds number at the metering ring, based on the 

equivalent diameter of the metering ring 

Hjrdrogen density at the inlet plenum, based on PlAB 

Hydrogen density in the annulus, based on P6AB 

Hydrogen density upstream of metering ring, based on P8AB 

Average hydrogen temperature in the test fixture 

Hsrdrogen temperature at the inlet plenum 

Hydrogen temperature at the exhaust plenum 

Average viscosity of the hsndrogen flowing through the 

impedance ring based on P8AB 

TIAL 
ED DATA 

ct - 1954 
28 
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J [ . - I E ' 1 S I ; ) M P I ( 2 ^ ) . O P 1 1 ^ ( 2 0 ) . J - " 1 I.'. ( 2 0 ) , D P 1 A I L . ( 2 0 ) , 0 ? 1 5 A ( 2 O ) , 1 ) 3 1 5 ^ . ( 2 0 
I ) , l ) P l ' i i ( 2 0 ) , ^P16 r ( ^ J ) , ' j p 3 A o ^ { 2 0 ) , C P 3 O 8 D ( 2 C ) , . / P u A 4 ( 2 0 ) , i ) P 3 t j 4 ( 2 J ) , 
2LiP<*At( 2 u ) , b P 4 3 4 ( P 0 ) , JP4A'-fL( ( 2 0 ) , 9 P 1 4 ( 2 ' ) ) , r K ( 2 . ) . F L H i ( 2 0 ) , 0 ° l ' 3 - . V ( 2 " ) 
3 , 0 P ' ' ) - i A y ( 2 U ) , C P o a A V ( 2 " i ) , n P 8 4 A y ( 2 u ) , C l 3 ( 2 0 ) , F 5 ' ^ ; ( 2 0 ) , F 6 S ( 2 o ) , C 3 4 A i ( 2 u 
4 ) , C 8 4 M , < M ( 2o ) , V I S I "!( 2u ) , . < : l b ( 20 ) , V [ S 8 4 ( 2 0 ) , . < E ' ! 4 ( 2 0 ) , P X ( 4 ) , 
D j - ' l f . ' \ v ' ( 2 0 ) , C 1 6 ( 2 0 ) 

^0 ^EAD 1 j p u r r \ p . 3 , 1 , ( r ( j ( I ) , 1 = 1 , 4 ) , r , \K, f i P 
1 F 0 i < M M ( 4 A 6 , A 3 , A 3 ) 

r ( tAO iN lPUr T^PL J , 2 , F L . ) A T J , P H A , - < ( J , ^ , T N U , M ' , 0 , C . ' > I - « , i , B , D , t , D h F 
2 F r ; K M A r ( o c : l 2 . 4 ) 

j = i - L r ! A r j 
M O T = r - j ' j 

PA = P B A - ( O M » 0 . 4 } 1 2 
I F ( D C F ) J O , 3 0 , D 1 

DO AA = A » 0 - U . 0 1 ' - ) 5 
0£ = 2 . 0 » ( 4 » D - C . o l ' J 3 ) / ( A + D + 0 . 0 6 7 ) 

.,0 ro ^2 
5 1 A A = A » 0 

0 E = 2 . O » { A » u ) / ( A + U ) 
a2 A.'-M=( c i » C ^ K ) + (Ci1t< + £ ) » ( A - 8 ) 

OfJ 2 0 0 1 = 1 , J 12 
liZAO IvIPOT l A P t 5 , 3 , P l ( I ) , U P 1 5 A ( I ) , D P l 3 B ( I ) , U P 1 6 A ( I ) , 0 P 1 6 B ( n , 

l D P ' j A 8 A ( i ) , D P 5 8 d B ( I ) , D P - J A 4 ( l ) , D P 8 r i 4 { I ) , P 7 , T l , T 2 , T 5 
3 F 0 K . M A T { o t l 2 . 4 ) 

T r t l = r c " P F ( T l ) 
r-<2 = Te,'lPF ( 1 2 ) 
r.^( i ) = (T- ( i + r K 2 ) / 2 . o 
F L 0 W ( n = 0 . 0 C 9 6 2 » ( P r + P A ) / S 0 K T F { T t M P F ( T 5 ) ) 
DP l r>AV( I ) = ( D P 1 5 A ( I ) + D P 1 5 b ( 1 ) ) / 2 . 0 
0 P 1 6 A V ( I ) = ( 0 a i 5 A ( I ) + l ) P 1 6 o { n ) / 2 . 0 
0 P 5 8 A V t n = ( D D 5 A 3 A ( I ) + O P 5 b 8 t i ( n ) / 2 . 0 
r )P6«AV( U = ( D P 5 A P A ( l)*UPiH'M.l I ) + D P 1 5 A ( I ) + U P 1 5 B ( n - D P 1 6 A ( n - U P 1 6 6 ( I ) 

1 ) / 2 . C 
D P d 4 A V ( 1 ) = ( D P d A 4 ( I ) + 0 P J 3 4 ( I ) ) / 2 . 0 
P I A B = P l { I ) + P \ 
P!jAB = P l A B - D P l 5 A V l I ) 
P6AH = P 'DAt3-DPb84V( I ) + D P o 8 A V ( I ) 
P3AB = P 5 A b - L i P 5 3 A V ( n 4 3 
CALL P , < P b ( r R ( I ) , P l A D , . 2 5 , R U 1 5 , H X , S X , X X ) 
CALL P , < P i t T i < ( I ) , P 5 A 3 , . 2 5 , R U 5 8 , H X , S X , X X ) 
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CALL ° ^ P S ( T < ( I ) , P 6 A D , . 2 5 , R ' 6 ' ' , H X , S X , X X ) 
C \ L L P < ? i ( T R ( U . P S - A u , . 2 5 , ' J 0 S 4 , H X , S X , X X ) 
C l 3 ( 1 ) = a . 4 4 6 3 b » ( < 0 l 3 » 0 P 1 5 A V ( I ) • AA» <>2/( FLO^ ( I ) ) » » 2 - 1 . 0 - . 0 2 5 5 / 0 £ 
C I 6 ! I ) = U . 4 4 6 8 6 * - < U l t > » n P l 6 A V ( I ) » A A » » 2 / ( F L 0 V « ( n ) » » 2 
F 5 8 ( n = 0 . 0 7 1 5 0 » i i l j 5 P » D p 3 8 ' X V ( 1 ) • A A » » 2 » 0 E / ( FLOW ( I ) ) « » 2 
F 6 8 ( I ) = 0 . l 4 8 ) 5 » - < 0 6 b « 0 P 6 8 A V ( I ) • AA» » 2 ' ' 0 E / ( FLOV« ( I ) ) » » 2 
C84AA( I ) = 0 . 4 4 6 8 6 » i < 0 3 4 » 0 P d 4 M V ( I ) » A A » » 2 / F L 0 V . ( I ) « « 2 
C 8 4 M H A ( I ) = 0 . 4 4 6 8 6 » K 0 8 4 » D P 8 4 A V ( I ) • A M K » » 2 / F L 0 V . ( I ) » * 2 
V = l . 0 / R 0 8 4 
VIS84( I )=HHU(PaAB,V,T.'<( I),0) 
RE18( I)=FLOVU I)*0E»12.0/(VIS84II)«AA) 
IF(CI!R) 40,40,22 58 

40 IFIDEF) 31,31,32 59 
31 RE84t l)=48.000»FLO«(I)/!VIi84(I)•(4.0»ht2.0» ( A-B))) 

GO TO 200 
32 RE34II)=43.000*FLO^(I)/(VIS84tI)•(2.0»c + 2.O»( A-B))) 

GO TO 200 
22 IF(DEF)IOOO,1000,1001 

1000 KEd4in=4a.0C0»FL0i^{l )/(VISd4( I ) • ( 2.« A+2.«CMR+4.»E ) ) 
GO TO 200 

lOCl rfE84(I)=4e.O00»FLOWtI)/(VIbS4(I)•(2-•A+2.•CMR+2.•£I) 
200 CONTINUE 65 

ARMR=AHR/AA 
WRITE OUTPUT TAPE 6, 5,N0T,iNI0ft, ( RD ! I ) , 1 = 1,4) .PBAROM, PA, TMR, TSP,CMR, 
10,ARMR,UE,AA,AMK 

5 FORMAT!lril///31X,48HCl-2 INNER IMPEDANCE RING LOSS COEFFICIEN 
1TS//47X,16HTEST CONDITI0Ni//5X,12HTCST NUMBER,I 3,20X,1IHRUN NUM 
20ER,I5,14X,9H0ATE RUN,4A6/5X,12HBAR. PRESS.=,F6.2,7H IN HG=,F6.2, 
J5H PSIA,4X,4HTYPt,A3,13HMETERING RING,lOX,4HTYPt,A3,12HSPACER PLAT 
4E/5X,24HMETERING RING CLEAKANCE=,F7.4, 9X,18HANNULUS CLEAKANCE=,F6 
S.3,5X,25HMETCRING KING AREA RATI0=,F5.3/5X,20HEQUIVALENT DIAMETER= 
6,F7.4,13X,13HANNULUi AKEA=,F7.4,6H SQ IN,4X,19HM£TE^ING RTJG AREA= 
7,F7.4,6H SQ IN/Z D X , JJHPRtSiURES IN PSIG, P-<£SSU'<£ Î HCIPS IN 
dPSID, rtilPERATuRt iJ OtG.R, FLOW RATE IN Ln/SE.lht//) 
rtRITC OUTPUT TAHc 6,0,(PI(i».DPI1A(I) ,0P118(I ) , DPl3A(I), 
IDP15B(I),DP16A(I).OPlbOII),DP5A3A{n,0P5B8B(I),DP8A4(I),DP8B4(I), 
<f:DP4A4( I ),0P434( t), DPl4{I),TR(n,I = l,J) 

o F0RMAT(4X,2HP1,4X,93HDP11A OPllb OPlaA OP156 DP16A 0P16B DPS 
1A3A DP5d3B 0P8A4 UPdB4 DP4A4 DP4B4 0P14 TEhP/1512X,F5.1)) 
hRITE OUTPUT TAPE o , 5 ,'\!0T , 40^, (KD ( I ) , 1 = 1,4 ) ,P8 IROJi, PA, TM< , TiP,CHR , 
ID, \X<1<<,0C,A\,AMi< 
KRITE O U T P U T TAPE o.lOoOO 

IUJOO '"n<>JlAr(//4X,4HFL0'.•.,3X,'JHJP16'^V,2X,6HDPJd^/,2X,6H0P6dAV,2X,hH0P84AV 
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Cl-2 INNER IMPEDANCE RING LOSS COEFFICIENTS 

TEST CONDITIONS 

TEST NUMBER 1 
BAR. PKESS.= 29.47 IN HG= 14.48 PSIA 
METERING RING CLEARANCE= 0.0095 
EQUIVALENT DIAK£TER= 0.1371 

RUN NUMBER 1 
TYPEA METERING RING 
ANNULUS CLEARANCE= C.077 
ANNULUS AREA= 0.2488 Su IN 

DATE RUN 04 15 64 
TYPEA SPACER PLATE 
MCT£RI«IG RING A^c4 RATIG = 0.398 
METERING RING AREA= 0.0990 SO IN 

PRESSUKES IN PSIG. PRESSURE DROPS IN PSIO, TEMPERATURE IN DEG.R, FLOW RATE IN LB/SEC 

PI 
684. 
742. 
752. 
751. 
749 
750. 
719. 
750. 
7>0 
752-
755 
748-
748. 
751 
752-
592 

DPllA DPllB DP15A 
5.9 
3.6 
4.0 
5.0 
5.7 
3.6 
4.6 
3.7 
3.1 
2.7 
2.4 
2-1 
1.8 
1.5 
1.3 
2.2 

DP15B 
5.9 
3.6 
4.0 
5.0 
5.7 
3.6 
4.5 
3.6 
3.0 
2.7 
2.4 
2-0 
1.8 
1.5 
1.3 
2.2 

DP16A 
7.7 
4.6 
5.1 
8.5 
7.3 
4.6 
5.7 
4.6 
3.8 
3.3 
3.0 
2.6 
2.3 
2.0 
1.6 
2.7 

0P16B 
8.0 
4.7 
5.3 
8.7 
7.5 
4.7 
5.8 
4.8 
4.0 
3.5 
3.1 
2.7 
2.3 
2.0 
1.7 
2.8 

DP5A8A 
4.0 
2.2 
2.5 
4.3 
3.6 
2.3 
2.8 
2.3 
1.9 
1.7 
1.5 
1.3 
1.1 
l.O 
0.8 
1.4 

DP5B8B 
3.8 
2.3 
2.5 
4.0 
3.5 
2.1 
2.6 
2.2 
1.8 
1.6 
1.4 
1.3 
1.1 
1.0 
0.8 
1.3 

DP8A4 
19.A 
12.0 
13.6 
14.0 
14.4 
12.5 
16.8 
13.4 
10.8 
9-6 
8.4 
7.3 
6.2 
5.2 
4.5 
7.4 

0P8B4 
19.5 
12-0 
13.7 
14.0 
14.4 
12.8 
17.0 
13.6 
11.0 
9.7 
8.5 
7.4 
6.3 
5.2 
4.6 
7.5 

DP4A4 DP4B4 DP14 TEMP 
526.3 
523.2 
524 .1 
521.2 
518.8 
516 .1 
513.6 
513.3 
5 U . 5 
511 .1 
510 .4 
510.2 
509.7 
509 .7 
509.7 
509-5 



>7on 

^ L - cK ' _ . ^ A . ; c r < i \ , L ' S b L n c r F i t i E ' - r , 

r ^ s r CO i c i r i ' j - . j b 

r i f J j \ i 3 t , < 1 
b . - ; . f ' M : i b . = ^ y . 4 7 [\i Mu= 1 4 . 4 : ; Po IA TYPt-A --fcrt <I Jo K I N . , 

AN i t L O i CL£A<^^Cc:= & . 0 / 7 
A . J L L L S A<£4= C . 2 4 3 ° S=, IN 

OATc -ii jN 34 I J (. ̂  
rYP_A S P A C £ K P L \ r _ 
• l i - T ' - l P J u -lIN^j a < E i ' x U I = J . 3 7 
. ' ' ' E r i ^ I N o -CI lu A-'- 'A^ 0 . . - / W i " 1 

p- tL iSu,^o I J p s i v j , H<t.jNu-ii- UN^'PS I N P b i . j , r_fPC''Aru-<c I N > . ^ , FLOr K^T; i \ L ^ / J C : 

LJr , 
l o l i 
l t 4 ' j 
l 3 D ^ 
2 ' J3 . j 
I , , ? ? 
l 4 4 o 
1 ^ 1 -
1 4 B : » 

I :>bu 
I ^ r. ĵ 
l l c y 
11 <> 
I 2 ' t 
tj v 4 o 
J 7 H 

1 JO J 

i>PIoAV 
7 . 5 5 
4 . 6 3 
5 . 2 0 
C . 6 
7 . 4 0 
4 . 6 - 1 
5 . 7b 
4 . 7 . 1 
3 . 1 0 
3 . 4 0 
3 . O b 
2 . 6 5 
2 . 3 u 
2 . 0 
1 . O J 
2 . 7 3 

ut 'StjAV 
J , :)0 
2 . 2 5 
2 . 5 0 
4 . 1 J 

3 . D 5 

2 . 2 ; 
2 . 7 0 
2 . 2 5 
1 . 3 5 
1 . 6 5 
1 . 4 7 
1 . 3 ' 
I . 1 0 
I . C O 

cs-^ 
1 .3 t ) 

DPoSA,/ 
I . io 
1 . 2 0 
1 . 3 0 . 
0 . Ij 3 
l . d 5 
l . l 3 
1 . 3 0 
1 . 2 J 
1 . 0 0 
0 . ^5 
O . d O 
0 . 7 3 
O.faO 
0 . 5 0 
0 . 4 5 
O . d O 

O P S H A V 

1 9 . 4 5 
1 2 . 0 0 
1 3 . 6 5 

1 4 . t o 
1 4 . 4 0 
1 2 . 0 5 
1 6 . ) 0 
1 3 . ' D O 

1 0 . 9 0 
9 . 6 5 
8 . 4 5 
7 . 3 5 
6 . 2 5 
5 . 2 0 
4 . 5 5 
7 . 4 5 

C l 6 
1 . 5 n 2 
1 . 6 2 4 C 
1 . 5 9 4 B 
1 . 3 4 i 2 
l . 5 5 d l 
1 . 6 5 5 0 
1 . 5 8 ^ 9 
1 . 5 3 V J 
1 . 6 1 1 5 
1 . 6 0 4 9 
l . 6 3 d 6 
1 . 6 2 3 2 
1 . 6 5 3 9 
1 . 6 8 3 4 
1 . 6 3 7 2 
1 . 6 5 9 1 

KE13 
2 . 0 1 2 7 = 
l . ( 3 0 3 6 E 
i . 7 i - < 7 : 
2 . 2 3 S 2 : 
2 . 0 9 4 6 , . 
1 . 0 2 1 5 : 
l . S l i 7 c 
1 . 6 7 3 2 3 
1 . 5 2 0 C C 
1 . 4 2 5 3 = 
1 . 3 4 0 5 c 
1 . 2 5 0 6 C 
1 . 1 5 5 3 E 
1 . C 6 8 C E 
9 . d 6 0 C f c 
1 . 1 3 1 0 E 

0 5 
0 5 
0 5 
U 5 

0 5 

0 5 
0 5 
U5 
0 5 
0 5 
0 5 
0 5 
0 5 
0 5 
0 4 
0 5 

F 3 B 

0 . 0 172 
C . C 1 7 2 
0 . 0 1 6 7 
0 . 0 1 6 3 
0 . 0 1 5 3 
0 . C 1 7 1 
0 . 0 1 6 3 
0 . 0 1 6 6 
0 . 0 1 6 7 
C . 0 1 7 0 
C . 0 1 7 0 
0 . 0 1 7 4 
0 . 0 1 7 3 
C . 0 1 8 5 
0 . 0 1 7 4 
0 . 0 1 7 3 

r 6 d 
0 . C 1 7 9 
0 . 0 1 9 0 
0 . 0 m 
0 . J 0 4 5 
3 . r i 7 5 
G . C l = o 
0 . 0 1 8 3 
0 . 0 1 3 4 
0 . 0 1 3 8 
0 . 0 2 0 4 
0 . 0 1 1 6 
0 . 0 2 0 : * 
0 . 0 1 9 7 
O . 0 1 9 3 
0 . 0 2 0 4 
0 . 0 2 2 0 

eff4AA 
3 . a e a 9 
4 , 1 5 9 7 
4 . 1 5 2 1 
2 . 4 3 6 4 
2 . J96'3 
4 . 4 6 9 3 
4 . 6 2 0 1 
4 . 5 3 2 6 
4 . 4 7 6 0 
4 . 5 3 0 0 
4 . 3 1 7 9 
4 . 4 3 2 7 
4 . 4 7 7 9 
4 . 3 7 8 6 
4 . 5 0 2 3 
4 . 4 6 9 0 

KC = 4 
2 . 0 4 5 7 1 : 
1 . 6 2 9 » : 
1 . 7 4 0 )Z 
2 . 2 9 5 ^ : 
? . 1 2 h t 
1 . 6 4 P 1 L 
1 . 3 4 3 t t 
1 . 7 0 0 O £ 

1 . 5 4 4 y £ 
1 . 4 4 4 7 t 
1 . 3 6 2 4 F 
1 . 2 7 U : 

1 . 1 7 4 3 c 
l . C 8 5 b . 
1 . 0 C 2 2E 
1 . 1 4 ? b t 

0 3 

C 3 

J 

0 3 

I 3 
0 3 

O D 

0 3 

0 5 

C 3 
0 5 
0 5 

0 5 

0 3 

0 3 
0 5 

0 . 4 l -A 
. . 6 1 3 'J 
0 - t3 3 " 0 
0 . 5 5 ^ 4 
0 . 3 J 3 7 
0 . 4 7 4 J 
0 . 7 0 7 7 
0 . 7 3 2 3 
0 . 7 1 7 7 
0 . 7 0 ^ 7 
0 . 7 1 7 3 
C . 7 1 3 4 
0 . 7 C 3 a 
0 . 70 JO 
0 . 6 1 3 3 
0 . 7 1 3 0 
0 . 7 0 7 6 

a 
I 



Cl-2 ir»NER IMPEDANCE RING LPSS COEFFICIENTS 

TEST CONDITIONS 

TCiT NUMtiER 3 RUN NUMBER 1 DATE RbN 04 23 64 
BAR- PRESS.= 29.29 IN HG= 14.39 PSIA TYPED METERING RING TYPEB SPACER PLATE 
METERING RING CLEARANCE* 0.0590 ANNULUS CLEARANCE* 0.127 METERING RING AREA RATI0=0.61l 
EgUIVALENT DIAMETER* 0.2451 ANNULUS AREA= 0.4425 SQ IN METERING RING AREA= 0.2703 SQ IN 

PRESSURES IN PSIG, PRESSURE DROPS IN PSIO, TEMPERATURE IN DEG.R, FLOri RATE IN 

PI 
751.0 
740 .0 
73U.0 
745 .0 
/ 2 7 - 0 
750.0 
5 9 0 . 0 
O22.0 
o3d.O 
o23 .0 
S85.0 
7 4 2 . 0 
750.0 
750 .0 
748.0 
748.0 

PRESSURE 

P15A 
1.8 
1.7 
1.7 
1.8 
1.8 
1.6 
1.7 
2.0 
1.7 
1.7 
1.8 
1.3 
1.2 
1.0 
0.4 
0.8 

0P15B 
1.8 
1.8 
1.6 
1.8 
1.8 
1.6 
1.8 
2.1 
1.8 
1.8 
2.0 
1.2 
1.2 
1.0 
0.4 
0.8 

DROPS 

0P16A 
2.3 
2.2 
2.1 
2.3 
2.2 
2.0 
2.4 
2.7 
2.4 
2.3 
2.5 
1.6 
1.4 
1.3 
1.1 
1.0 

IN PSIO, TEMPERATURE IN 

DP168 
2.2 
2.2 
2.0 
2.3 
2.2 
2.0 
2.2 
2.6 
2.2 
2.2 
2.4 
1.6 
1.4 
1.3 
1.0 
1.0 

DP5A8A 
0.9 
0.8 
0.8 
0.9 
0.9 
0.8 
1.0 
1.2 
1.0 
1.0 
1.1 
0.6 
0.6 
0.5 
0.4 
0.4 

0P5B3B 
0.9 
0.9 
0.9 
0.9 
0.9 
0.8 
0.9 
1.0 
1.0 
0.9 
1.0 
0.7 
0.6 
0.5 
0.4 
0.4 

DP3A4 
2.0 
1.9 
1.8 
2.0 
2.0 
1.6 
2.0 
2.3 
2.0 
2.0 
2.2 
1.3 
1.2 
1.0 
0.9 
0.8 

DEG 

DP8B 
2.0 
1.9 
1.8 
2.0 
2.0 
1.8 
2.1 
2.4 
2.1 
2.1 
2.2 
1.3 
1.2 
l.l 
0.9 
0.8 

LB/SEC 

TEMP 
533.2 
529.9 
525.9 
523.9 
522.1 
521.2 
518.5 
516.3 
513.6 
512.2 
509.5 
508.1 
507.2 
506.5 
504.5 
504.0 

> 

s 
H 
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Cl-2 I.NNER IMPEDANCE RING LOSS COEFFICIENTS 

TEST CONDITIONS 

ftST 
BAR. 

NUMBER 
PRESS.* i 

METERI.^G RING 

3 
2 9.29 IN HG= 14. 39 
CLEARANCE* 0.0590 

EQUIVALENT DIAMETER* 0.2451 

PRESSURES IN 

FLOW 
0.2069 
0.2052 
0.2001 
C.2134 
0.2093 
0.2.-34 
0.1903 
0.2083 
0.1988 
0.1959 
0.1984 
0.1768 
0.1688 
0-1534 
0-1435 
0.1354 

DP16AV 
2.25 
2.20 
2.05 
2.30 
2.20 
2.00 
2.30 
2.65 
2.30 
2.25 
2.45 
1.60 
1.40 
1.30 
1.05 
1.00 

PSIG, 

DP58AV 
0.90 
0.85 
0.85 
0.90 
0.90 
0.30 
0.95 
1.10 
I.00 
0.95 
1.05 
0.65 
0.60 
0.50 
0.42 
0.40 

PRESSURE 

DP68AV 
0.45 
0.42 
0.47 
0.40 
0-50 
0.40 
0.40 
0.50 
0.45 
0.45 
0.50 
0.30 
0.40 
0.20 
0.20 
0.20 

PSIA 
RUN 
TYPED 

NUMBER 1 
METERING RING 

ANNULUS CLEARANCE* 0.127 
ANNULUS AREA* 0.4425 SQ IN 

DATE RUN 04 
TYPEB SPACER 
METERING RING 
METERING RING 

DROPS IN PSIO, TEMPERATURE IN DEG.R, 

DP84AV 
2.00 
1.92 
1.80 
2.00 
2.00 
1.70 
2.05 
2.35 
2.05 
2.05 
2.22 
1.35 
1.20 
1.05 
0.90 
0.80 

C16 
1.2036 
1.1364 
1.1693 
1.1679 
1-1377 
1.1306 
1.1887 
1.2062 
1.1846 
1.1731 
1.1758 
1.2146 
1.1796 
1.2463 
1.2285 
1.3152 

RE18 
2.2795E 
2.2705E 
2.2238E 
2.3775E 
2.3380E 
2.2732E 
2.1368E 
2.3458E 
2.2449E 
2.2164E 
2.2530E 
2.0067t 
1.9201c 
1-3024E 
1.6373E 
1.5459E 

05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

F58 
0.0188 
0.0179 
0.0190 
0.0179 
0.0132 
0.0177 
0.0192 
0.0196 
0.0201 
0.0194 
0.0197 
0.0193 
0.0198 
0.0138 
0.0195 
0.0206 

F68 
0.0196 
0.0187 
0.0221 
0.0165 
0.0211 
0.0134 
0.C168 
0.0185 
0.0189 
0.0191 
0.C195 
0.0186 
0.0275 
0.0156 

-0.C191 
0.0215 

, FLOW 

C84AA 
1.0662 
1.0346 
1.0233 
1.0121 
1.0307 
0.9532 
1.0549 
1.0645 
1.0516 
1.0645 
1.C627 
1.0224 
1.0088 
1.0052 
1.0519 
1.0505 

23 64 
PLATE 
AREA RATIO* 
AREA* 0. 

0.611 
.27C3 SU IN 

RATE IN L8/SeC 

RE84 
-2.2993E 
2-2902E 
2.2431E 
2.3981E 
2.3582E 
2.2929E 
2.1553E 
2.3661E 
2.2644E 
2.2356E 
2.2725E 
2.0261E 
1.9367E 
1.8180E 
1.6515E 
1.5593E 

05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

C84HRA 
0.3979 
0.3861 
0.3819 
0.3777 
0.3346 
0.3576 
0.3937 
0.3973 
0.3924 
0.3973 
0.3966 
0.3815 
0.3765 
0.3751 
0.3926 
0.3921 



Cl-2 INNER IMPEDANCE RING LOSS COEFFICIENTS 

TEST CONDiriGNS 

TEST NUMBER 2 
BAR. P K £ S S . = 2^.34 IN H^= 14.41 PilA 
HETiIRIvlii RING CLEARANCE* 0.0090 
EQUIVALENT OIAHETtK* 0.1507 

RUN NUMBER I 
TYPED McTtXl.NG RING 
ANNULUS CLFARANCE* 0.077 
ANNULUS AREA* 0.2683 SQ IN 

DATE RUN 04 21 64 
TYPEB SPACc.^ PLATL 
METERING RING AREA KA T I O = 0 . 
METERING RING AREA* 0.0961 

353 
SC IN 

PRESSURES IN PSIG, PRESSURE DROPS IN PSID, TEMPERATURE IN DEG.R, FLOW RATE IN LB/SEC 

PI 
750.0 
740-0 
7 2 0 . 0 
730 .0 
745 .0 
748 .0 
740.0 
750.0 
750 .0 
74B.0 
740.0 
557 .0 
570 .0 
560 .0 
548 .0 
:>60.0 
570 .0 
5 3 1 . 0 
555 .0 
560 .0 

IP15A 
6.0 
6.0 
5.7 
5.3 
4.6 
3.9 
3.5 
3.2 
2.8 
2.5 
2.3 
5.4 
4.7 
4.5 
4.3 
4.0 
3.8 
3.6 
3.4 
3.2 

0P15B 
6.2 
6.2 
5.8 
5.0 
4.3 
3.3 
3.4 
3.2 
2.7 
2.4 
2.2 
5.4 
4.7 
4.5 
4.3 
3.8 
3.7 
3.4 
3.3 
3.2 

DP16A 
7.8 
7.7 
7.2 
6.5 
5.6 
4.0 
4.2 
4.0 
3.5 
3.1 
2.7 
6.7 
5.8 
5.7 
5.4 
5.0 
4.6 
4.4 
4.1 
3.9 

0P16B 
7.8 
7.8 
7.3 
6.7 
5.7 
4.9 
4.2 
4.0 
3.5 
3.1 
2.7 
6.8 
5.9 
5.8 
5.6 
5.2 
4.8 
4.5 
4.2 
4.0 

0P5A8A 
4.2 
4.1 
3.8 
3.2 
2.8 
2.4 
2.1 
2.0 
1.8 
1.7 
1.3 
3.6 
3.1 
2.9 
2.9 
2.8 
2.5 
2.3 
2.2 
2.0 

DP5e8B 
3.7 
3.7 
3.4 
3.5 
3.0 
2-4 
2-2 
2.0 
1.8 
1.7 
1.4 
3.2 
3.0 
2.9 
3.0 
2.9 
2.5 
2.4 
2.3 
2.2 

DP8A4 
33.5 
33.5 
30.7 
27.0 
22.0 
IB.5 
15.7 
14.5 
12.0 
11.0 
8.5 

29.0 
24.5 
24.0 
22.0 
20.5 
19.0 
17.0 
15.5 
15.0 

DP8B4 
38.0 
38.0 
35.5 
31.2 
26.5 
21-5 
19.D 
17.5 
16.0 
13.5 
10.5 
33.5 
28.5 
27.5 
26.0 
24.5 
23.0 
20.5 
19.0 
13.0 

TEMP 
5 3 3 . 6 
5 3 0 . 6 
5 2 6 . 8 
5 2 4 . 3 
5 1 9 . 4 
520 .8 
520.3 
519 .9 
519 .0 
518 .5 
518 .1 
516.3 
515.3 
514.9 
514,5 
514.0 
513.6 
512.2 
511.8 
511.3 

> 
Tl 

a 
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Cl-2 INNER IMPEDANCE RING LOSS CDEFFlCIcMlS 

TEST CONDITIONS 

TEST NUMBER 2 
BAR. PRESS.* 29.34 IN HG* 14.41 PSIA 
METERING RING CLEARANCE^ 0.0G50 
EQUIVALENT DIAMETER* 0.1507 

RUN NUliBER 1 
TYPED METERING RING 
ANNULUS CLEARANCt* C.077 
ANNULUS AREA* 0.2683 Sti IN 

DATC RUN 04 21 64 
TYPEB SPACER PLATE • 
M t T E ( < I N b K I N G A . t I A . i A f i i . = 0 . 3 5 3 
KETcRiNu RING AREA* C.O:*Cl SQ IN 

PRESSURES IN 

FLOW 
0.2108 
0.2083 
0.1997 
0.1881 
0.1785 
C.1625 
0.1521 
0,1479 
0.1373 
0.1290 
0-1197 
0.1715 
0.1622 
0.1594 
0.1510 
0.1472 
0.1442 
0.1321 
0.1309 
0.1279 

0P16AV 
7.80 
7.75 
7.25 
6.60 
5.65 
4.85 
4.20 
4.00 
3.50 
3.10 
2.70 
6.75 
5.85 
5.75 
5.50 
5.10 
4.70 
4.45 
4.15 
3.95 

PSIG. 

DP58AV 
3.95 
3.90 
3.60 
3.35 
2.90 
2.40 
2.15 
2.00 
1.80 
1.70 
1.35 
3.40 
3.05 
2.90 
2.95 
2.85 
2.50 
2.35 
2.25 
2.10 

PRESSURE DROPS IN PSID, TEMPERATURE IN DcG.R 

DP68AV 
2.25 
2.25 
2.10 
1.90 
1.70 
1.40 
1.40 
1.20 
1.05 
1.05 
0.90 
2.05 
1.90 
1.65 
1-75 
1.65 
1.55 
1.40 
1.45 
1.35 

DP84AV 
35.75 
35.75 
33.10 
29.10 
24.25 
20.00 
17.35 
16.00 
14.00 
12.25 
9.50 

31.25 
26.50 
25.75 
24.00 
22-50 
21.00 
18.75 
17.25 
16.50 

C16 
1.4749 
1.4899 
1.4872 
1.5536 
1.5206 
1.5754 
1.5434 
1.5765 
1.6016 
1.6056 
1.6096 
1.5012 
1.4377 
1.4921 
1.55d9 
1-5535 
1.5182 
1.6053 
1.5926 
1.6011 

RE18 
2.3537E 
2.3349E 
2.2495E 
2.1246E 
2.0274c 
1.3435c 
1.7261E 
1.6789c 
1.5611E 
1.4670E 
1.3618E 
1.9539E 
l-8537£ 
1-8235E 
1-7237E 
1.6864E 
i-6530t 
1.5171E 
1.5036E 
I.4707E 

05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

F58 
0-0179 
0-0179 
0-0177 
0.0189 
0.0187 
0.0137 
0.0190 
0.0189 
0.0198 
0.0212 
0.0193 
0.0181 
0-0186 
0.0180 
0.0200 
0.0208 
0.0193 
0.0203 
0.0207 
0.0204 

F68 
0.0212 
0.0215 
0.0214 
0.0223 
0.0228 
0.0227 
0.0257 
0.0236 
0.0240 
0.0272 
0.0269 
0.0226 
0.0240 
0.0213 
0.0247 
0.C250 
0.0249 
0.0252 
0-0277 
0.0273 

FLOW 

C84AA 
6.6741 
6.7847 
6.7059 
6.7742 
6.4635 
0.4449 
6.3300 
6.<;647 
6.3695 
6.3112 
5.6374 
6.8455 
6.6521 
6.5979 
6.7169 
6.7751 
6.7125 
6.O950 
6.5561 
6.6279 

RATE IN LB/SEC 

RE84 
2.3744E 
2.3554E 
2.2693E 
2.1433E 
2.0452h 
1.35J7C 
1.7413t 
1.6936E 
1.5748E 
1.4799E 
1.3733C 
1.9761E 
1.8700E 
1.3395E 
1.7439E 
1.7012E 
1.6675E 
1.5304E 
1.51688 
1.4836E 

05 
05 
05 
05 
05 
03 
05 
03 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

C84MRA 
0.8566 
0.8707 
0.8606 
0.8694 
0.3298 
0.8271 
0.3124 
0.8040 
0.8175 
0.8100 
0.7235 
0.R735 
0.3537 
0.346d 
0.8620 
0.f!695 
0.3615 
0.3592 
0.8414 
0.8506 
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Cl-2 I.MNER IMPEDANCE RIN'j LOSS COEFFICIENTS 

TEST CONDITIONS 

TEST NUMBER 9 
BAR. P K E S S . * 30.15 IN Ho* 14.cl PilA 
METERINo RING CLEARANCE* 0.0595 
EQUIVALENT DIAMCTtR* 0.2300 

RUN NUMBER 3 
TYPuA Mtr£<I .o <!'.„ 
ANNULUS CLEARANCE* 0.127 
ANNULUS A(iEA= 0,4230 St I.N 

DATE RUN 05 15 64 
TYPFA SPACc< P L A f i : 
METERING K i N o A=<ci . i A T I t j * 0 . t > 4 6 
METERINo RING AREA* 0.2732 SQ IN 

PRESSURES IN 

FLOW 
0.2197 
0.2082 
0.198'9 
0.1334 
0.1783 
0.1780 
0.1868 
0.1675 
0.1461 
0.1364 
0.1456 
0.1565 
0.1256 
0.1150 
0.0935 
0.1338 
0.1348 

0P16AV 
2.60 
2.35 
2.20 
2.00 
1.75 
1.80 
2.00 
1.70 
1.50 
0.95 
1.20 
1.30 
0.70 
0.72 
0.40 
1.05 
1.00 

PSIG, 

DP58AV 
I.00 
1.00 
0.80 
0.30 
0.55 
0.60 
0.65 
0.50 
0.45 
0.40 
0.40 
0.45 
0.30 
0.25 
0.20 
0-40 
0.35 

PRESSURE DROPS IN PSID, TEMPERATURE IN DEG.R 

0P63AV 
0.40 
0.38 
0.40 
0.30 
0.30 
0.20 
0.15 
0.10 
0.05 
0.25 
0.20 
0.20 
0,30 
0.07 
0,15 
0,15 
0,15 

DP84AV 
1.20 
1.20 
I.00 
0,90 
C.35 
0.80 
0.35 
0,75 
0,50 
0,50 
0,55 
0,60 
0,45 
0.40 
0,25 
0,50 
0,45 

C16 
1.1923 
1,2082 
1,2277 
1,2521 
1.2137 
1,2636 
1,2472 
1,3449 
1.5700 
1.1424 
1,2761 
1.1620 
0.99 94 
1.2315 
1,0297 
1.2783 
1,2000 

RE18 
2.4744E 
2,3501E 
2,2469: 
2 , 1 3 2 9 L 
2.C2f;7£ 
2,0202t 
2,1235E 
1,8954E 
1,6642E 
1.5551E 
1.6607E 
1.7876E 
l.4317t 
1. 1141fc 
1.0665E 
1.4993E 
1.51C2E 

05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

F58 
0.0168 
0.0189 
0.0164 
0.0184 
C.C141 
0.0135 
0.0149 
0,0145 
0,0173 
0,0177 
0.0156 
0.0143 
C.C157 
C.013& 
Q.0139 
0.0179 
0.0154 

F68 
0,0140 
0-0147 
0,0171 
0.0144 
0.016C 
0.0107 
0.0072 
0.0061 
0.0040 
0.0230 
0.0163 
0.0137 
0.0328 
0.0093 
0.0296 
0.0140 
0.0138 

, FLOW 

C84AA 
0.5484 
0,6143 
0.5562 
0.561B 
0,3904 
0.5602 
0.5236 
0.5920 
0,5223 
0.6C03 
0,5838 
0,5352 
0.6417 
0.o7d3 
0.6431 
0.6078 
0.5 392 

RATE IN LB/SEC 

RE34 
2.5144E 
2.3881E 
2-7832E 
2.1674E 
2.06l3t 
2.0523E 
2.1573E 
1.9260E 
1.6911E 
1.5303E 
1.6875E 
1.8165E 
l.454aE 
1.3353E 
1.0837E 
1.5235E 
1.5346E 

05 
03 
05 
05 
03 
03 
05 
05 
05 
03 
05 
03 
05 
03 
05 
05 
03 

Ca4MRA 
0.2288 
0.2565 
0.2320 
0.2344 
0.2463 
0.2337 
0.2205 
0,2470 
0,2179 
0,2504 
0,2436 
0,2233 
0,2677 
0,2832 
0,2683 
0,2535 
0,2249 
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Cl-2 INNER IMPEDANCE RING LOSS COEFFICIENTS 

TEST CONDITIONS 

TEST NUMBER 6 
BAR. PRESS.* 29-51 IN Ho= 14.50 PSIA 
METERI.NG RING CLEARANCE* 0-0390 
EQUIVALENT DIAf^ETER* 0.2451 

RUN NUMBER 2 
TYPCO METERING RING 
ANNULUS CLEARANCE* 0-127 
ANNULUS AREA* 0.4425 SQ IN 

DATE RUN 03 05 64 
TYPEd iPACCR PLir: 
METERING RING AREA i<Ari3*0.oll 
METERING RING ARFA* 0.2703 SO IN 

PRESSURES IN PSIG, PRESSURE DROPS IN PSID, TEMPERATURE IN DEG-R, FLOW RATE IN LB/SEC 

PI 
740.0 
748.0 
750.0 
750.0 
750.0 
758.0 
75o.O 
751.0 
752.0 
750.0 
742.0 
752.0 
748.0 
762.0 
750.0 
751.0 
751.0 
750 .0 
74b.0 
742.0 

DP15A 
1.8 
1.8 
1.8 
1.7 
1.6 
1.5 
1.4 
1.3 
1.2 
1.2 
l.l 
1.0 
0.9 
0.8 
0.8 
0.7 
0.6 
0.6 
0.5 
0.5 

0P15B 
1.8 
1.3 
1.7 
1.7 
1.5 
1.4 
1.3 
1.2 
1.2 
l.l 
1.0 
0.9 
0.8 
0.3 
0.7 
0.6 
0.6 
0.5 
0.4 
0.4 

0P16A 
2.4 
2.2 
2.4 
2.0 
1.8 
1.8 
1.6 
1.6 
1.5 
1.4 
1.2 
1.1 
1.0 
1.0 
0.9 
0.8 
0.8 
0.6 
0.7 
0.5 

DP166 
2.4 
2.2 
2.3 
2.1 
1.8 
1.3 
1.6 
l.O 
1.5 
1.4 
1-2 
l.l 
l.O 
1.0 
0.9 
O.d 
0.8 
0.6 
0.6 
0.5 

DP5A8A 
l.O 
1.0 
0.8 
0.8 
0.7 
0.7 
0.5 
0.5 
0.5 
0.5 
0.5 
0.4 
0.4 
0.4 
0.4 
0.3 
0.3 
0.2 
0.2 
0.2 

DP588B 
0.8 
l.O 
0.8 
0.8 
0.6 
0.6 
0.5 
0.5 
0.5 
0.5 
0.4 
0.4 
0.3 
0.3 
0.3 
0.3 
0.2 
0.2 
0.1 
0,1 

DP8A4 
2.1 
2.1 
I.8 
1.8 
1.6 
1.5 
1.4 
1.3 
1.3 
1.3 
l.l 
l.O 
l.O 
0.9 
0.8 
0.8 
0.8 
0.6 
0.6 
0.5 

DP8B4 
2.0 
2.0 
1.8 
1.7 
1.5 
1.4 
1.3 
1.2 
1.2 
1.3 
l.O 
0.9 
0.8 
0.3 
0.7 
0.7 
0.6 
0.5 
0.5 
0.4 

TEMP 
529.5 
526.6 
525.9 
522.8 
522,1 
521.4 
520.« 
519,0 
518.5 
513.1 
517.2 
516.7 
516.3 
515.4 
3 1 4 . 9 
514.5 
514 .0 
514 .0 
514.0 
514.0 



Cl-2 INNER IMPEDA>:Ct KING LUSS COfcFFIClENIS 

TEST CONDITIONS 

T£ST NUMBER 6 
BAR. P(<ESS.= 29.51 IN HG= 14.50 PSIA 
MtTtRlUG RING CLtAR^^lCL= C.0590 
E3UIVALtNT DIAMcTtK* 0.2451 

RUN NUMBER 2 
TYPED KCTERI >;G RING 
ANNULoS CLtA-<A'MCi:= 0 . 1 2 7 
ANNULUS AKfcA* 0 . 4 4 2 5 iW IiN 

DATF RUN 05 05 b4 
TYPCB SPACtR PLATt 
MfcTci^ING Kl »G ArxEu s A r i l = 0 . o l l 
MfcTtRINU .•<ING A<'-A= C . 2 7 C 3 bQ I M 

PRESSURES I N P S I G , P R E S S U K E U R O P S I N P S I D , TEMPERATURE I N D E G . R , FLOn RATE IN LB/SEC 

FLOW 
0.2140 
0.2149 
0.2051 
0.1966 
0.1901 
0.1869 
0.1796 
0.1754 
0.1705 
0.1622 
0.1539 
0.1517 
0.1439 
0.1393 
0.1297 
0.1267 
0.1204 
0.1116 
0.1077 
0.1022 

DP16AV 
2,40 
2,20 
2,35 
2.05 
1,80 
l.flO 
1,60 
1,60 
1.50 
1,40 
1,20 
1,10 
1,00 
1.00 
0.90 
0.30 
0.80 
0.60 
0-65 
0-50 

DP58A\/ 
0.90 
1.00 
0-80 
0.30 
0.65 
C.65 
0.50 
0.50 
0.50 
0.50 
0.45 
0.40 
0.35 
0.35 
0.35 
0.30 
0.25 
0.20 
0.15 
0.15 

0P6dMV 
0.30 
0.60 
0.20 
0.45 
0.40 
0.30 
0.25 
0.15 
0.20 
0.25 
0-30 
0.25 
0,20 
0.15 
0.20 
0.15 
0.05 
0.15 

-0.05 
0.10 

DP84AV 
2.05 
2.05 
1.80 
1.75 
1.55 
1.45 
1.35 
1.25 
1.25 
1.30 
1.05 
0-95 
0.90 
o.e5 
0.75 
0.75 
0.70 
0.55 
0.55 
0.45 

C16 
1,1921 
1,1004 
1,2948 
1.2371 
1.1629 
1.2168 
1.1723 
1,2227 
1.2157 
1.2526 
1,1826 
1,1297 
1.1370 
1.2363 
1.2572 
1.1322 
1.3090 
1.1430 
1-3240 
1.1225 

RE13 
2.3682E 
2.3e65t 
2.2799E 
2.1931E 
2.1226E 
2.0884: 
2.0039: 
1.9662c 
1.9122E 
1.3195fc 
1.72835 
1.7054c 
1.6l'43£ 
1.56«2h 
1.4604: 
1.4273c 
l.35e2£ 
1.2580fc 
1.2150E 
1.1530L 

05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
u5 
05 
03 
05 
05 
05 
05 
05 
05 

F53 
0.0175 
0.0196 
0.0172 
0.0189 
0.0164 
C.0172 
0.0143 
0.0150 
0.0159 
C.0175 
0.0174 
0.0161 
C.0156 
0.0170 
0.0193 
0.0174 
0.0160 
0.0149 
0.0120 
0.0132 

F68 
0.C121 
0.0244 
0.0090 
0.0221 
C.0211 
C.0165 
0.0149 
0.0093 
0.0132 
0.0182 
0.0241 
0.0209 
O.OlSo 
0.0151 
0.0230 
0.0181 
0.0067 
0.0233 

-0.0033 
0.0133 

Cb4AA 
1.0147 
1.0217 
0.9835 
1.0527 
0.9986 
0.9776 
0.9369 
0.9531 
1.C109 
1-1607 
1.0323 
0.9740 
1.0218 
1.0493 
1.C545 
1.1070 
1.1441 
1,0463 
1.1195 
1.0095 

Rt84 
2.38'i7E 
2.4071E 
2.2996: 
2.2121E 
2.141CC 
2.106jt 
2.0263E 
1.9332c 
1.9288E 
1.8352E 
1.7431E 
1.7202E 
1.6323E 
1.531oE 
1.473GC 
1.4402E 
1.37C0E 
l,26aiE 
1.2256: 
1.1630E 

CJ 
03 
C3 
05 
Z-j 

C3 
05 
05 
05 
05 
05 
05 
C3 
CJ 
05 
05 
C3 
05 
05 
05 

C84MRA 
0.3787 
0.3813 
0.3639 
0.3929 
0.J727 
-^ . iu-t i 

0. i6d3 
C. J557 
0.3773 
0.4332 
0.3355 
0.3635 
0.3=13 
0.3913 
0.3936 
0.4131 
C.4270 
0.3907 
0.4173 
0.3767 

> 
T) 

S 
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Cl-2 INNER IMPEUAiNCE RING LOSS COEFFICIENTS 

TEST CONDI 1 IONS 

TEST NUMBER 3 
BAR. P K i S S . = .<;^.70 I I H..= 1 4 . 6 3 P i l A 
H E T E R I N L . I U N O CLEA.^ANCt* 0 . 0 0 9 0 
EQUIVALENT O I A . ' - . E T C R * 0 . 1 5 0 7 

RUN NUMriER 2 
TY.'cO ' - i L r c U IG r i lNo 
ANiNULUS CLEARANCE* 0 . 0 7 7 
ANvlULUS AREA* 0 . 2 6 3 3 Sw IN 

DATE RUN 05 14 64 
TYPCB SPACcR PLATE 
METCRING RING AINEA R A T I L * 0 . 3 5 a 
METERING RING A.<EA= 0.0961 SQ IN 

P R E S S U K E S I N P S I G , PR 

P I 
74t t .O 
7 4 0 . 0 
7 4 5 . 0 
7 4 8 - 0 
7 4 0 - 0 
7 4 5 - 0 
7 3 8 - 0 
7 5 0 . 0 
7 5 0 . 0 
7 5 0 . 0 
7 4 0 . 0 
7 4 0 . 0 
4 7 5 . 0 

DP15A 
7 . 0 
6 . 8 
6 . 4 
5 . 8 
5 . 8 
5 . 6 
5 . 2 
4 . 2 
4 . 0 
3 . 6 
3 . 1 
2 . 7 
4 . 8 

cSSURE 

0P15B 
7 . 6 
6 . 5 
6 - 0 
5 - 5 
5 . 5 
5 - 2 
4 . 8 
4 . 2 
3 . 9 
3 . 5 
3 . 1 
2 . 8 
4 . 9 

DRDPS 

DP16A 
0 . 
8 . 5 
8 . 2 
7 . 5 
7 . 4 
7 . 0 
6 . 4 
5 . 6 
5 . 0 
4 . 5 
4 . 1 
3 . 6 
6 . 5 

I N P S I D , TEMPERATURE IN 

DP168 
0 . 
8 . 4 
8 . 2 
7 . 5 
7 . 5 
7 . 0 
6 . 4 
5 . 6 
5 - 0 
4 . 4 
4 , 1 
3 , 6 
6 . 5 

0P5A8A 
4 . 0 
4 . 5 
4 , 3 
4 . 0 
4 . 0 
3 . 7 
3 . 3 
2 . 8 
2 . 4 
2 . 4 
2 . 0 
1 . 8 
3 , 6 

0P5R8B 
4 , 4 
4 , 2 
4 . 2 
4 . 0 
3 . 8 
3 . 7 
3 . 3 
2 . 8 
2 , 4 
2 , 2 
2 . 0 
1 . 7 
3 . 0 

0P3A4 
4 3 , 0 
4 1 . 5 
3 9 . 0 
3 6 . 0 
3 6 , 0 
3 3 - 0 
3 o . 0 
2 5 . 0 
2 2 . 5 
2 0 , 0 
1 7 . 5 
1 5 . 5 
3 1 . 5 

OEG.i 

DP884 
4 1 . 0 
4 2 . 0 
3 9 . 5 
3 6 . 0 
3 6 . 0 
3 3 . 0 
3 0 - 0 
2 5 - 0 
2 2 . 5 
2 0 . 0 
I S . O 
1 5 . 5 
3 2 . 0 

FLOr. RATE IN LB/SEC 

TEMP 
5 1 7 , 8 
5 0 3 . 9 
5 0 6 . 9 
5 0 6 , 0 
5 0 2 . 0 
5 0 0 . 6 
4 9 o . 0 
4 9 6 . 9 
4 9 6 . 4 
4 9 5 . 9 
4 9 5 . 5 
4 9 5 . 5 
4 9 4 . 6 

> 
T) 
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Cl-2 INNER IMPEDANCE RING LOSS COEFFICIENIS 

TEST CONDITIONS 

TEST NUMBER 8 
BAR- P K C S S . * 2 9 . 7 d I N Ho= 1 4 , 6 3 P b I A 
McTtRI.NiG RING CLEARANCE* 0 , 0 0 9 0 
EyUIVALENT DIAMETER* 0 . 1 5 0 7 

RUN NUMBER 2 
TYP:;) ?',ETC.-<i\i, Kivo 
ANNULuS CLEARANCc= 0.077 
ANNULUS AREA* 0.26S3 SCi IN 

DATE RUN 05 14 64 
TYPS D iPAC:K PLATc 
METERIN.o RING AREA KATIU = C.35? 
METERINo RING A(<£A= 0.0961 SO l> 

PRESSUKES IN PSIG, PRESSURE DROPS IN PSID, TEMPERATUR: IN OEG-R, FLOW RATE IN LB/SEC 

FLOW 
0.2192 
0.2184 
0.2141 
0.2059 
0.2066 
0.2005 
0.1903 
0.1779 
0.1688 
0.1381 
0.1495 
0.1412 
0.1538 

DP16AV 
0. 
8.45 
8.20 
7.50 
7.45 
7.00 
6.40 
5.60 
5.00 
4.45 
4.10 
3.60 
6.50 

DP53AV 
4.20 
4.35 
4.25 
4.00 
3.90 
3.70 
3.30 
2-30 
2-40 
2.30 
2.00 
1.75 
3,30 

DP68AV 
11,50 
2,55 
2,25 
2,15. 
2.10 
2.10 
1.90 
1.40 
1.35 
1.40 
1.00 
0.90 
1.65 

DP34AV 
42.00 
41.75 
39.25 
36.00 
36.00 
33.00 
30.00 
25,00 
22,50 
20,00 
17,75 
15,50 
31.75 

C16 
0, 
1.5393 
1,5703 
1,5617 
1.5384 
1.5486 
1.5650 
1.5944 
1,5826 
1,6068 
1.6377 
1.6107 
1,6121 

RE18 
2,4956£ 
2.5137c 
2.4705E 
2.3739E 
2.39R3E 
2,3316£ 
2,2207E 
2,C739E 
1,9737E 
1.8499t 
1.7497E 
1.6532E 
1,8072E 

05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

F58 
0,0180 
0.0189 
0.0195 
0.0199 
C.0193 
0,0196 
0,0193 
0,0191 
0,0182 
0.0199 
0,0192 
0,0133 
0.0195 

F63 
0.1037 
0.0231 
0.0214 
0.0223 
0.0216 
0.0231 
O.P231 
0-0199 
0.0213 
0.0252 
0.0200 
0.0201 
0.C2C3 

C34AA 
7.4324 
7.3003 
7.4137 
7.4044 
7.3428 
7.2161 
7.2577 
7.0550 
7.0647 
7,1680 
7,0439 
6.3951 
7.7462 

RE84 
2.5175E 
2,5353E 
2.4922: 
2,399d£ 
2,4194E 
2,3521£ 
2,2402C 
2-0972E 
1,9911E 
1.8662E 
1,7650E 
1.6677E 
1.8231E 

05 
05 
03 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

C84HRA 
0.9539 
0.9627 
0.9521 
0,9503 
0.9424 
0.9261 
0.9315 
0,9054 
0,9067 
0.9199 
0-9040 
0.R349 
0.9942 

> 
T) 

X 
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cF 
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C l - 2 

TEST NUMBER 4 
BAR. P K E S S , * 2 9 . 0 3 IN H o * 1 4 . 2 0 
METERING RING CLEARANCE* 0 , 0 5 95 
EQUIVALENT O IA I iETER* 0 , 2 3 0 0 

PRESSURES I N P S I G , PRESSURE 

PI 
748.0 
741.0 
743.0 
748.0 
742.0 
748.0 
745.0 
749.0 
740.0 
748.0 
750.0 
740.0 
742.0 
752.0 
745,0 
752,0 
543,0 
502.0 
410.0 

DP15A 
2.1 
2,0 
2,0 
2,0 
2,0 
2.0 
1.7 
1.5 
1,3 
1,3 
1,1 
1.1 
0,9 
0.9 
0.8 
0.7 
1,3 
1.3 
0.3 

DP133 
1,9 
2.0 
2.0 
2.0 
2,0 
1.3 
1,6 
1.4 
1,3 
1.0 
1,0 
1,0 
0,6 
0,H 
0,7 
0,6 
1,2 
1.2 
0,7 

INNER IMPEDA.NCE R I N . . LOSS COEFF 

TEST CONOITIONS 

RUN NUMP:R 1 
PilA TYPEA METERING RINo 

ANNULUS CLEARANCE* 0,127 
ANNULUS AREA* 0,4230 SQ IN 

UROPS IN PSID, TEMPERATURE IN 

0P16A 
2.5 
2-6 
2-7 
2.7 
2.6 
2.4 
2-C 
1.8 
1.7 
1.6 
1.5 
1,3 
1.2 
1.1 
1.0 
l.O 
1.6 
1,6 
1.5 

DP16B 
2,5 
2,6 
2,6 
2,7 
2.6 
2-4 
2-1 
1.8 
1.7 
1,6 
1,5 
1.3 
l.l 
1.1 
1.0 
1.0 
1.6 
1.6 
1.5 

0P5A8A 
l.O 
1.3 
1.2 
1.3 
1.0 
0.9 
0.8 
0.8 
0.7 
0.6 
0.6 
0.6 
0,4 
0,4 
0,4 
0,4 
0.7 
0.7 
0.8 

0P5B88 
l.O 
l.O 
l.O 
l.O 
l.O 
0.9 
0.8 
0.8 
0.8 
0.7 
0.6 
0,6 
0.4 
0.5 
0.4 
0.4 
0.7 
0.7 
0.7 

DP8A4 
1,3 
1,4 
1,4 
1.4 
1.3 
l.s 
1.0 
1.0 
0.9 
0.3 
0.8 
0.7 
0.5 
0.6 
0.5 
0.5 
0.8 
C.9 
0.8 

CILNTS 

DATE RUN 04 26 64 
TYP:A SPACER PLATE 
METERING RING AREA RATin=0.646 
METERING RI.NG AREA* 0.2732 SQ IN 

DEG.R, 

DP8a4 
1.2 
1.4 
1.4 
1.4 
1.3 
1.3 
1.0 
1.0 
0.8 
0,3 
0,8 
0,6 
0.5 
0.5 
0.5 
0.4 
0.3 
0.9 
0.7 

FLOW RATE IN LB/SEC 

TEMP 
513.1 
503.6 
507.0 
504.5 
502.7 
500.1 
499-0 
497-6 
496-7 
496-2 
495.i 
494.3 
494-3 
493-9 
493.9 
493-4 
493-2 
492-7 
492.0 



Cl-2 INNER IKPEDA.NCE RING LOSS CMiEFF IC IENTS 

TEST CONDITIONS 

TEST NUMBER 4 
3AK. P K C S S - * 29.0;, IN H.j= 14.28 PjlA 
METtRING RING CLtAKANCC= j.0395 
EQUIVALENT OIAMcTtR* 0.2300 

RU'N NUMBER 1 
TYPEA ,VErERl,\G RiN,.. 
ANNULUS CLEARANCE* 0.127 
ANNULUS AREA* 0.4230 SO IN 

DAT: RUN 04 2« 64 
TYPtA SPACtR PLATE 
METERING RING AR:A K A T I 0 = 0 . O 4 6 
METERING RING AREA* 0.2732 SQ IN 

PRESSURES IN PSIG, PRESSURE DROPS IN PSIO, TEMPERATURE IN DEG.R, FLOW RATE IN LB/SEC 

FLOW 
0.2095 
0.2156 
C.2171 
0.216O 
0.211O 
0.2060 
0.1911 
0.1799 
0.1700 
0.1651 
0.1566 
0.1511 
0.lJe2 
0.U4d 
0.1275 
0.1245 
0.1406 
0.1399 
0.1174 

UP16AV 
2.50 
2.60 
2.65 
2.70 
2.60 
2.40 
2.05 
1.80 
1.70 
1.60 
1.5C 
1.30 
1.15 
1.10 
1.00 
1.00 
1.60 
1.60 
1.50 

DP58AV 
I.00 
1.15 
1.10 
1.15 
1.00 
0.90 
0.80 
0-80 
0.75 
0.65 
0.60 
0.60 
0.40 
19.4 5 
0.40 
0.40 
0.70 
0.70 
0.75 

DP68AV 
0.50 
0.55 
0.45 
0.45 
0.40 
0.40 
0.40 
0.45 
0.35 
0.20 
0.15 
0.35 
O.IO 
0.20 
0.15 
0.05 
0.35 
0.35 

-0.00 

DP84AV 
1.27 
1.40 
1,40 
1,40 
1.30 
1.55 
1.00 
1.00 
0.35 
0.30 
0.80 
0.o5 
0.50 
0.55 
0.50 
0.45 
0.80 
0.90 
0.75 

C16 
1.2330 
1.2101 
1.2231 
1.2435 
1.2704 
1.2553 
1.2435 
1.2422 
1.3007 
1,3123 
1.3743 
1.2o47 
1.3421 
1.3674 
1.3776 
1.4579 
1.3425 
1.2613 
1.335 7 

RE18 
2,3213£ 
2.4036E 
2.4232E 
2,44i2t 
2.3736E 
2.3208E 
2,1566£ 
2.0333t 
1.9243E 
1.8695E 
1.7751c 
l,7137e 
1,5633c 
1-,3307E 
1,4477£ 
1,4149£ 
1,6019£ 
1.5944E 
1.3410E 

05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

F53 
0,0131 
0.0196 
0,0186 
0.0194 
0.0179 
0.0173 
0.0173 
0.0203 
0.0211 
0.0196 
0.0202 
0.0215 
0.0172 
0.0206 
0.0203 
0.0214 
0.0216 
0.0203 
0.0255 

F68 
0,013o 
0.0196 
0.0159 
0.0158 
0-0149 
0.0160 
0.0186 
0.0233 
0.0205 
0.0126 
0.0105 
0.0261 
0.0039 
0.0190 
0.0158 
0.0056 
0.0225 
0.0211 

-0.0000 

C84AA 
0.6264 
0.6490 
0.6436 
0.6422 
0.6328 
0.6078 
0.6047 
0.6881 
0,6436 
0,o5<t9 
0.7314 
0-6310 
0,5d26 
0,o826 
0,6d78 
0,6552 
0,6690 
0.7069 
0.6904 

RE34 
2-3594E 
2.4424E 
2.4644t 
2.4838F 
2,4170£ 
2.35«3E 
2.1915C 
2,0662C 
1,9554E 
l.e997E 
l.803ac 
1.7414: 
1.5936G 
1.5554E 
1.4711c 
1.437dE 
1.6275E 
1.6202E 
1.3627E 

05 
05 
05 
03 
03 
05 
05 
05 
03 
03 
05 
05 
03 
03 
03 
05 
05 
05 
05 

C84MRA 
0.2613 
0.2707 
0.2685 
0.2679 
0.2640 
0.3370 
0.2523 
0.2871 
0.2706 
0.2732 
0.3051 
0.2632 
0.2430 
0.2848 
0.2b69 
0,2733 
0,2791 
0.2949 
0.2830 

> 
Tl 
•x) 

O 
M 
X 

O 
o 
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3 
0 
<D 
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Cl-2 INNER IMPEDANCE RINo LOSS COEFFICIENTS 

TiST NUMBER 5 
BAR. PRESS.* 29.06 IN HG* 14.27 PSiA 
«:TtRI'j& RING CLEARANCE* 0.0595 
EvUlVALENT OU-ihTER* 0.2300 

TEST CONDITIONS 

RUN NUMBER 2 
TYPEA METERING RING 
ANNULUS CLEARANCE* 0.127 
ANNULUS AREA* 0.4230 SQ IN 

DATE RUN 04 29 64 
TYPCA SPACER PLATE 
METERING RING AREA RATia=0.646 
METERING RING AREA* 0.2732 SO IN 

P.<ESSUK:S IN PSIO, PR£SSUI<E UROPS IN PSIO, TEMPERATURE IN DEG.R, 

PI 
/40.0 
743.0 
743.0 
742.0 
745.0 
743.0 

DP15A 0P158 DP16A 0P16B DP5A8A DP5B8B DP3A4 DP8B4 
2.Z 
1 .3 
1 .7 
1 .6 
1 .3 
0 . 3 

2 . 1 
2 . 1 
2 . 1 
1 .8 
1 .6 
0 - 9 

2-8 
2 .7 
2-6 
2 .4 
2 . 0 
1.4 

2 .7 
2 .7 
2 . 6 
2 . 4 
2 .0 
1.4 

1 . 2 
1 . 0 
1 . 2 
l . O 
0 . 8 
0 . 6 

1 . 2 
l . l 
l . l 
0 . 9 
0 . 9 
0 . 5 

1 . 5 
1 .5 
1 . 5 
1 .3 
1-2 
1-0 

1-4 
1-4 
1 . 4 
1 . 2 
1 . 0 
1 . 0 

FLOW RATE I N LB/SEC 

TEMP 
5 1 9 . 2 
5 1 7 . 0 
5 1 2 . 2 
5 1 1 . 3 
5 0 9 . 3 
5 0 8 . 1 

O 
O 
3 
C+-

a. 

CTN 



Cl-2 INNER IMPEDANCE RING LOSS COEFFICIENTS 

TEST CONDITIONS 

TEST NUMBER 5 
BAR. PRi:SS.= 20.06 IN Ht.= 14..'•'7 Pi[«i 
y.tTbKINj KINu CLEAKANCfc- 0.03J5 
EUUIVALCNT DIAMtTc-R= 0.2300 

RUN NUMBER 2 
TYPtA fETERING RING 
ANNULUS CLEARANCE' 0. 127 
ANNULUS AKhA= 0.423C SQ IN 

DATE RUN 04 29 64 
TYPcA SPACER PLATE 
METERING RING AKtA KAria=0. 646 
METERING RING At<eA= 0.2732 SO IN 

PRtSSUKES IN PSIG, PRESSURE DROPS IN PSID, TEMPERATURE IN DEG.R, FLOW RATc IN L&/SEC 

FLOW 
0.21t)0 
0.2180 
0.2178 
0.2051 
0.1'*04 
0.1634 

DP16AV 0P58AV DP68AV 0P84AV 
2.75 
2.70 
2.60 
2.40 
2.00 
1.40 

1.20 
1.05 
1.15 
0.97 
0.85 
0-55 

0.60 
0-30 
0.45 
0.28 
0.30 
0. 

1.45 
1.45 
1.45 
1.25 
1.10 
I.00 

C16 
1.2602 
1.2126 
1.1803 
1.2294 
1.1987 
1.13^1 

RE18 
2.3651E 05 
2.4053E 05 
2.41748 05 
2.27a7E 05 
2.1202E 05 
1.8220E 05 

F58 
0.0202 
0.0173 
0.0192 
0.0183 
0.0137 
0.0165 

F68 
0.0210 
0.0103 
0.0156 
0.0108 
0.0137 
0. 

C84AA 
0.6616 
0.6487 
0.6557 
0.6381 
0.6573 
0.8122 

RE84 
2.4033E 05 
2.4441E OS 
2.4564E 05 
2.3155E 05 
2.1544E 05 
1.8514E 05 

C84MRA 
0.2760 
0.2706 
0.2735 
0.2662 
0.2742 
0.3388 

> 

M 

o 

0 
CD 



Cl-2 INNER IMPEDANCE RING LOSS COEFFICIENTS 

TEST CONDITIONS 

TEST NUMBER 7 RUN NUMBER 2 DATE RUN 05 08 64 
BAR.. •'RtSS.= <?'J.2b I'M n^= i4.3J PilA TYPEA HErc<r4o KlMi, TYPCA SPACER PLATf-
HEIERING RINu CLEARANCC= 0.00^5 ANNULUS CLEARANCE= 0.077 MCTERING RING AREA KAriO=0.398 
EQUIVALENT DlAMtTbR= 0.1371 ANNULUS ARtA= 0.243K SQ IN METERING RING AREA= 0.0990 SQ IN 

PRESSURES IN PSIG, PRESSURb 

PI 
742.0 
740.0 
738.0 
732.0 
T51.0 
732-0 
754.0 
750-0 
735.0 
750.0 
749.0 
740.0 
750.0 
743.0 
745.0 
746.0 
751.0 
751.0 
755.0 
752.0 

DP15A 
7.8 
7.9 
7.5 
7.3 
6.7 
6.7 
6.1 
5.3 
5.6 
5.2 
4.4 
4.0 
3.7 
3.1 
3.0 
3.0 
2.8 
2.4 
2.0 
1.8 

0P15B 
8.0 
8.1 
7.5 
7-2 
6.5 
6-4 
5.J 
5-6 
5.3 
5.1 
4-4 
4.1 
3.8 
3.3 
3-0 
3-1 
2.7 
2.4 
2-0 
1.8 

DROPS 

DP16A 
1C.6 
10.6 
10.0 
9.8 
8.8 
8.8 
8.2 
7.7 
7.2 
6.6 
6.0 
5.6 
5.0 
4.3 
4.0 
4.0 
3.8 
3.3 
2.8 
2.6 

IN PSID, TEMPERATURE IN 

DP16B 
10.5 
10.6 
10.0 
9.7 
8.7 
8.6 
3.1 
7.6 
7.2 
6.6 
6.0 
5.6 
5.0 
4.4 
4.1 
4.1 
3.8 
3.3 
2.3 
2.6 

DP5A8A 
5.2 
5.2 
4.8 
4.7 
4.3 
4.1 
3.3 
3.6 
3.4 
3.1 
2.3 
2.7 
2.4 
2.1 
2.0 
2.0 
1.8 
1.6 
1.4 
1.2 

DP5B88 
4.7 
4.8 
4.8 
4.7 
4.4 
4.3 
4.2 
3.9 
3.5 
3.2 
2.8 
2.5 
2.4 
2.1 
2*0 
2.0 
1.8 
1.5 
1.3 
1.2 

DP8A4 
25.0 
25.0 
23.5 
22.5 
20.0 
21.0 
19.5 
18.5 
17.0 
15.5 
13.5 
13.0 
12.0 
10.5 
10.0 
9.5 
9.0 
7.0 
6.5 
6.0 

OEG.R, FLOW RATE IN LiJ/SEC 

DP8B4 
29.0 
29.0 
27.0 
26.0 
23.5 
24.0 
22.5 
21.5 
20.5 
13.0 
16.0 
15.0 
13.5 
11.5 
11.0 
11.0 
10.0 
8.0 
7.0 
6.5 

TEMP 
528.6 
524.6 
523.2 
521.4 
520.6 
514.7 
512.7 
512.0 
510.9 
510.2 
509.0 
509.C 
508.8 
50d.8 
507.9 
507.7 
507.5 
507.0 
507.0 
506.8 



Cl-2 INNER IMPEDANCE RING LOSS COEFFICIENTS 

TEST CONDITIONS 

TLST NUMBER 7 
BAR. PKESS.= di.Ze IN H^= 14.38 PSIA 
METERING RING CLEARANCE' 0.0095 
EaUIVALcNT DIAM£TER= 0.1371 

RUN NUMBER 2 
TYPLA METERING RING 
ANNULUS CLEARANCE' 0.077 
ANNULUS AREA' 0.2438 SQ IN 

DATE RUN 05 08 64 
TYP:EA SPACER PLAIH 
METERING RING AREA RATIU=0.393 
METERING RING AREA' 0.0990 SO IN 

PRESSURES- IN 

FLOW 
0.2147 
0.2153 
0.2082 
0.2046 
0.1987 
0.1958 
0.1924 
0.1863 
0.1799 
0.171*. 
0.1622 
0-1552 
0.1484 
0.1382 
0.1337 
0.1341 
0.1273 
0.1188 
0.1094 
0.1031 

0P16AV 
10.55 
10.60 
10.00 
9.75 
3.75 
8.70 
8.15 
7.65 
7.20 
6.60 
6.00 
5.60 
5.00 
4.35 
4.05 
4.05 
3.80 
3.30 
2.80 
2.60 

PSIG, 

0P58AV 
4.95 
5.00 
4.80 
4.70 
4.35 
4.20 
4.00 
3.75 
3.45 
3.15 
2.80 
2-60 
2.40 
2.10 
2.00 
2.00 
1.80 
1.55 
1.35 
1.20 

PRESSURE DROPS IN PSID, TEMPERATURE IN DEG.R 

DP68AV 
2.30 
2.40 
2.30 
2.20 
2.20 
2.05 
1.80 
1.80 
1.70 
1.70 
1.20 
1.05 
1.15 
0.95 
0.95 
1.00 
0.75 
0.65 
0.55 
0.40 

DP84AV 
27.00 
27.00 
25.25 
24.25 
21.75 
22.50 
21.00 
20.00 
18.75 
16.75 
14.75 
14.00 
12.75 
11-00 
10.50 
10.25 
9.50 
7.50 
6.75 
6.25 

C16 
1.6510 
1.6587 
1.6732 
1.6819 
1.6422 
1.6588 
1.6628 
1.6586 
1.6452 
1.6923 
1.7222 
1.7373 
1.7190 
1.7090 
1.7073 
1.6994 
1.7815 
1.7781 
1.7866 
1.8623 

RE18 
2.3685E 
2.3859E 
2.3110E 
2.2761E 
2.2127E 
2.1969E 
2.1629E 
2.0961E 
2.0276E 
1.9351E 
1.B324E 
1.7527t 
1.6762t 
1.5612t 
1.5121E 
1.5173E 
1.4406S 
1.3452b 
1.2392E 
1.1678E 

05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

F58 
0.0168 
0.0170 
0.0175 
0.0176 
0.0178 
0.0174 
0.0178 
0.0177 
0.0172 
0.C176 
0.0175 
0.0176 
0.0180 
0-ClRO 
0.0184 
0.0183 
0.0185 
0.0183 
0.0189 
0.0183 

F63 
0.0162 
0.0169 
0.0174 
0.0171 
0.0187 
0.0177 
0.0166 
0.0177 
0.0176 
0.0198 
0.0156 
0.0148 
0.0180 
0-0170 
0.0182 
0.0191 
0.0160 
0.0159 
0.0160 
0.0131 

, FLOW 

C84AA 
4.1558 
4.1544 
4.1579 
4.1183 
4.0254 
4.2301 
4.2309 
4.2844 
4.2350 
4.2498 
4.1951 
4.30(J2 

4.3493 
4.2924 
4.3981 
4.2733 
4.4282 
4-0210 
4.2889 
4.4609 

RATE IN L3/SEC 

RE 34 
2.4073E 
2.425GE 
2.3489E 
2.3134E 
2.2490E 
2.2329E 
2.1933E 
2.1304E 
2.0609E 
i.966ae 
1.8625E 
1.7814t 
1.7037E 
1.5867t 
1.536db 
1-5422E 
1.4642E 
1.36726 
1.2595E 
1.1870E 

05 
03 
05 
05 
Ob 
05 
05 
05 
05 
05 
0:> 
05 
Ca 
05 
05 
05 
05 
05 
05 
05 

C34MRA 
0.6580 
0.6578 
0.6584 
0.6521 
0.6374 
0.6698 
0.6699 
0.6784 
0.6706 
0.6729 
0.6643 
0.6319 
0.6837 
0.6797 
0.6964 
0.6766 
0.7012 
0.6367 
0.6791 
0.7064 

> 

S 
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Cl-2 INNER IMPEDANCE RING LOSS COEFFICIENTS 

TEST CONDITIONS 

TtST NUMBER 7 
a.\R. PRESS.' 29-28 IN H^^ 14. is PSIA 

METERING RING CLEARANCE' 0.0095 
EUUIVALENT DIAMETER' 0.1371 

RUN NUMBER 3 
TYPEA METERING RING 
ANNULUS CLEARANCE' 0.077 
ANNULUS AREA' 0.2488 SU IN 

DATE RUN 05 08 64 
TYPrA SPACER PLATE 
METcRINo RING AREA i<ATIO'0.393 
METERING RING AREA' 0.0990 SO IN 

PRESSURES 

PI 
751.0 
752.0 
745.0 
755.0 
750.0 
747.0 

IN PSIG, PRESSURE 

DP15A 
1-7 
1.4 
1.2 
0.9 
0.6 
0.6 

DP15B 
1.6 
1.3 
1.2 
0.9 
0.6 
0.6 

DROPS 

0P16A 
2.2 
2.0 
1.7 
1.2 
0.9 
1.1 

IN PSID, 

DP168 
2.2 
2.0 
1.7 
1.2 
0.9 
1.1 

TEMPERATURE IN 

DP5A3A 
1.0 
0.9 
0.8 
0.6 
0.5 
0.5 

0P5B3B 
1.0 
0.8 
0.7 
0.5 
0.5 
0.4 

0P3A4 
5.5 
4.0 
4-0 
3-5 
2.0 
1.5 

OEG. 

0P8U4 
6.0 
4.5 
4.2 
3.5 
2.5 
2.5 

FLOW RATE IN LB/SEC 

TEMP 
5 0 7 . 0 
5 0 6 . 8 
5 0 7 . 7 
5 0 8 . 8 
5 0 9 . 7 
5 1 0 . 0 

V/1 
O 



Cl-2 INNER IMPEDANCE RING LOSS COEFFICIENTS 

TEST CONDITIONS 

TEST NUMBER 7 
BAR. PRESS.' 29.2d IN Ho= 14. J3 PSIA 
METERING RING CLEARANCE' 0.0OJ5 
EQUIVALENT DIAMETER' 0.1371 

RUN NUMBER 3 
TYPCA METERING RING 
ANNULUS CLEARANCE' 0. 077 
ANNULUS AREA' 0.2488 SO IN 

DATE RUN 05 08 64 
TYp!:a JPAC-:K PLl'Tr 
METERINo RIMG AREA ,<ATlU'0.39n 
KETERINo RiMO AREA' O.Oigo SO IN 

PRESSURES IN PSIG, PRESSURE DROPS IN PSID, TEMPERATURE IN DEG.R, FLOW RATE IN LB/SEC 

FLOW 0P16AV DP58AV 0P68AV DP84AV 016 RE18 F58 F6S C84AA RE84 C84MRA 
0.0963 
0.0891 
0.0813 
0-0723 
0-0604 
0.0663 

2-20 
2.00 
1.70 
1.20 
0.90 
1.10 

1.00 
0.85 
0.75 
0.55 
0.50 
0.47 

0.45 
0.20 
0.25 
0.25 
0.20 

-0.03 

5.75 
4.25 
4.10 
3.50 
2.25 
2.00 

1.8038 
1.9202 
1.9364 
1.7254 
1.8631 
1.8830 

1.0904E 
1.0088E 
9.2030E 
a.2214E 
6.8169E 
7.4787E 

05 
05 
04 
04 
04 
04 

0.0180 
0.0179 
0.0187 
0.0173 
0.0227 
0.0178 

0.0168 
0.0088 
0.0130 
0.0164 
0.Q189 

-0.0020 

4.6987 
4.0691 
4.6585 
5.0233 
4.6513 
3.4189 

1.1083E 
1.0254E 
9.3535E 
8.3562c 
o.92S6t 
7.6013C 

03 
05 
04 
04 
C', 
04 

0.7440 
0.6443 
0.7376 
0.7954 
0.73&5 
0.5414 

^ 

3 
^ 
> 
<-> 

1 
1 



M> 

INPUT TAPE 

A 

B 

CMR 

D 

DE 

DIS 

DPllA 

DPllB 

DP16A 

DP6A6B 

DP6A8A 

DP8A8B 

DP8A3A 

DP8A4 

DP3A4 

DP44A 

DP44B 

E 

PA 

PI 

istronuclear 

WANL-TME>826 

APPENDIX B 

COMPUTER PROGRAM NOMENCLATURE 

AIR DATA 

Width of annulus (3.487 inches) 

Length of raised portion of metering ring 

Metering Ring Clearance 

Annulus clearance 

Equivalent diameter of annulus 

Distance between P6 and P8 (3.0 inches) 

Differential pressure between PI and PIA 

Differential pressure between PI and PIB 

Differential pressure between PI and P6A 

Differential pressure between P6A and P6B 

Differential presstire between P6A and P8A 

Differential pressure between P8A and P8B 

Differential pressure across metering ring measured 

from PSA to P3A 

Differential pressure across metering ring measured 

from P8A to P4 

Differential pressure measured from P3A to P4 

Differential pressure between P4 and P4A 

Differential pressure between P4 and P4B 

Height of step in metering ring (0.038 inches) 

Atmospheric pressure 

Pressure at inlet plenum 

52 
mic Energy Act - 1954 



P3A 

P4 

P5 

P5A 

P6A 

PSA 

VMl 

VM2 

istronuclear 

WANL-TME-826 

APPENDIX B (Continued) 

Pressure just downstream of metering ring 

Pressure in exhaust plenum 

Pressure at the inlet of the flow measuring nozzle 

Absolute pressure at the inlet of flow measuring nozzle 

Pressure in annulus downstream of the inlet plenum 

Pressure just upstream of the metering ring 

Millivolt reading inlet plenimi thermocouple 

Millivolt reading exhaust plenum thermocouple 

OUTPUT TAPE 

DP16AV 

DP68AV 

DP83AV 

DP84AV 

DP34AV 

FLOW 

F6S 

PlAB 

P3AB 

P6AB 

PSAB 

R 

Average differential pressure measured from PI to P6 

Average differential pressure measured from P6 to PS 

Average differential pressxire measured from P8 to P3 

Average differential pressxire measured from P8 to P4 

Average differential pressure measured from P3 to P4 

Flow rate 

Annulus friction factor 

Absolute pressure at inlet plenum 

Absolute pressure just downstream of metering ring 

Absolute pressure downstream of inlet plenum 

Absolute pressure upstream of metering ring 

Pressure ratio - atmospheric to absolute pressure at flow 

measuring nozzle inlet 



Ms Istronuclear 

WANL-TME-S26 

APPENDIX B (Continued) 

RE1668 Reynolds number in the annulus, based on the equivalent 

diameter of the annulus 

RE8384 Reynolds number at the metering ring, based on the 

equivalent diameter of the metering ring 

R016 Air density at the inlet plenum, based on PlAB 

R034 Air density downstream of the metering ring, based on P3AB 

R05 Air density at the inlet of the flow measuring nozzle, 

based on P5A 

R068 Air density in the annulus, based on P6AB 

R0S34 Air density upstream of metering ring, based on PSAB 

TR Average air temperature in the test fixture 

TRl Air temperature at the inlet plenum 

TR2 Air temperature at the exhaust plenum 

VIS Average viscosity of the air flowing through the test fixture 
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DIMENSION PU50),P3A(50) ,P4(50),P6A(5C),P8A(50),P5150),DP11A{50), 8/17/64 

DIMENSION P1I50),P3A(50) ,P4(50),P6At50),P8A(50),P5(50),DP11A{50), 3 
IDPlIB(50),OP 16A I 50), 0P6A6B(50),0P6A8A(50),DP8A8B(50),0P8A3A(50), 4 
2DP3A3B(5C),DP8A4(50),DP3A4(50),OP44A(5C),DP44B(50),FLOH(50),DP16AV 5 
3{50),DP6aAV(50),DP83AV(5O),DP84AV{50),CP34AVI5O),C16(5O),RE16(50), 6 
4RE68(50),RE834(50),P5A(50),RE34(50),F68I50),C83(50),C84(5C),C34(50 7 
5),VMl(50),Vf2(50),PlAVG(50),RD(4),TRl(50),TR2(50),TR(50),VISI50) 8 

30 RIPT 5,2,J,PA,TN0,RN0,R0,CMR,ARMR,A,B,C,E,MRT,SPT,DEF,DIS 9 
2 FORMAT (I6,E12.8,2( I8),4A6.2E11.8,/4E12.8,2A3,2E11.8) 10 

PA = PA • 0.4912 11 
AMR^=(B•CKR) *- (CMR+E) • (A-B) 67B 
00 200 I'l.J 12 
RIPT 5,3,Pl(I).P3A(I).P4(I),P6A(n,P8A(I),0PllA(I),DPllB{I),0P16A( 13 
in.CP6A6B(I),DP6A8A(I),0P8A8B{I},0P8A3A(I),DP3A38(I),DP8A4(I),0P3A 14 
24(I1,0P44A(I).0P44B(I),P5(I),VH1(I).VM2(I) 15 

3 FORMAT (6E12.8,/6E12.8,/6E12.8,/2E12.a) 16 
DP11A(I)= DPllA(I) • 0.03613 17 
DP11B(I)» OPllB(I) • 0.03613 18 
0Pl6A(n= 0P16A(I) • 0.4912 19 
0P6A68(I)'0P6A6B{I)* 0.03613 20 
0P6A8A(I>=0P6A8A(I)» 0.4912 21 
0P8A8a(I)'0P8A8B<I),« 0.03613 22 
OP8A3A(n=0P8A3A(I)» 0.4912 23 
0P3A38(I>=0P3A3B(I)« 0.03613 24 
0P8A4(n' DP8A4II) • 0.4912 25 
0P3A4(I)' DP3A4(I) • 0.4912 26 
0P44A(n' DP44A(I) • 0.03613 27 
0P44B(n= DP44B{I) • 0.03613 28 
TR1II) = 537.066+44.229»(LQGF(VM1(I))]^2C.836*(LOGF(VHl(11))»»2.*6.0 29 
lA2«(LQGF(VMl(I)))»»3.tl.l089»(LOGF(VMl(I)))••4.+0.12»(LOGF(VH1(I)) 30 
2)»»5.+O.C062«(LOGF(VMl(I)))»»6. 31 
TR2tI)=537.066+44.229»(LOGF(VH2(l)))+2C.836»(LOGF(VM2(I)))••2.+6.0 32 
142»(L0GF(VM2II) ) )••S. + l.1089*(LOGF(VM2(I)))••4.+0.12*{L0GF(VM2(I )) 33 
2)»»5.+0.C062»(L0GF(VM2{I)))»»6. 34 
TR(I)=(TRl(I)*TR2(I))/2. 35 
R05 = 2.6997 » (tP5{I)»{0.03613))*PA)/TR(I) 35A 
P5A(n = IP5(I) • (0.03613 )) • PA 35B1 
R = PA / P5A(1) 3582 
FLOW(I) =0.96295»SQRTF((R»»1.4286)•(l.C-(R»»0.2857))»P5A{I)"ROS) 35B3 
1 /SCRTFIl.0-0.2442«(R»»1.4286)) 3584 
DP16AV(I) = DP16AI I)+DP6A6B(I)-DPllA(I)/3.- DPllB(I)/3. 36 
DP68AVtIl = 0P6A8A(I) - DP6A6B(I)/2. • DP8A8B(I)/2. 37 
DP83AV(I) = CPeA3A(I) * DP3A3B(I)/2. - DPaA8B(I)/2. 38 
DP84AV(I) ' DP8A4(I) - 0P8A8d(I)/2.+(DP44A(I)+0P44BtI))/3. 39 



DIMENSION P1(50),P3A(50) ,P4(50),P6A(50),P8A(50),P5(50),DP11A(50), 8/17/64 PAGE 2 

0P34AV(I) = CP3A4(I) - DP3A3B(I)/2.+{DP44A(I)•DP44B(I))/3. 

50 

51 

52 

PlAB = 
P6AB = 
PBAB = 
P3AB = 
R016 ' 
R068 >= 
R0834' 
R034 = 
IF(DEF) 
AA 
OE 
GO 
AA 
OE 

40 
31 

32 

22 
1000 

1001 
21 
200 

Pl(I) -(DPllAin*DPllB(I))/3. 
PlAB - 0P16AV(I) 
P6AB - DP68AV(I) 
PSAB - 0P83AV(I) 
2.6997 • (P1AB)/TR(I) 
2.6997 • tP6AB)/TRII) 
2.6997 • (P8AB)/TR(I) 
2.6997 » (P3AB)/TR(I) 
50,50,51 

+ PA 

/tA+0+0.067) 
« A«0 - 0.0195 
= 2.*(A*D - 0.0195) 
TO 52 
* A«D 
» 2.«(A«D)/(A*D) 

C16II)-.44686«R016«AA*»2>DP16AV(I)/FL0h(I)>«2 
F68II)= C.44686*Ra68*DP68AV(I)* AA*«2./FL0N{I)«>2.*0E/DIS 
C83(II- 0.44686»R0834<DP84AV(I)«AA>«2./FLOW(I)*<2. 
C84(I)> G.44686>R0834«0P84AV(I)*AMR««2/FLaw(I)*»2 
C34(I)»0.44686>RQ34>DP34AV( I )*AA«*2/FL0W( I )»2 
VIS(I)-3.669 E-07 •5.56E-10 •(TR(I)-509.6) 
RE16(I)°0.373<FLOW(I)<0^/(AA*VIS(I)) 
RE68(I)<RE16(I) 
IF(CMR) 40,40.22 
IF(DEF) 31,31.32 
RE834(I) »1.4921»FL0W{I)/(VIS(I)»(4.»E*2.»(A-8))) 
GOTO 21 
RE834(I) >1.4921«FL0W(I)/(VIS(I)•(2.*E + 2.«(A-Bl )) 
GOTO 21 
IF(CEF)1CC0,1000,1001 
RE834(l)=1.4921»FL0W(I)/IVIStI)»(2.»A*2.»CMR*4.»EI) 
GO TO 21 
RE834(I)'1.4921*FL0U(I)/(VIS(I)<(2.>A+2.*CMR4'2.*E)) 
RE34(I)»RE16(I) 
CONTINUE 
ARMR=AMR/AA 
PA= PA /0.4912 
LINES '1 
00 300 I'1,J 
IF(LINES-l) 4,5,4 

> HOT 6.1,TN0,RN0,RD,PA,MRT,SPT,CMR,D,ARfR.DE.AA,AHR 
I FORMAT (IHl //// 226,64HMASS FLOW VS PRESSURE DROP AND LOSS COEFFI 
ICIENT VS RE FOR REV- 5 //47B,15HTEST CONDITIONS //,58,IIHTEST NUMB 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

52 
53 

54A 

55 

57 
58 
59 
60 
61 
62 
63 

65 
66 

67 
68 
69 
70 
71 
72 
73 

NON-STANDARD 

^ 



DIMENSION Pl{50) ,P3A{50) ,P4(50),P6A{5C),P8A(50),P5(50),DP11A ( 50), 

2ER 18 ,21 
3PRESSURE 
4A3,12HSPA 
5NULUS CLE 
6,21HEQUIV 
74,1B,5HSC 
WOT 6,6 

6 FORMAT (2 
1HDP6A6B,2 
22B,6H0P8A 
3«AB,3HPSI 

4 WOT 6,7,P 
1(I).DP8A8 

7 FORMAT (1 
15.3,2B,F& 
LINES = L 
IFCLINES 

8 LINES > 1 
GO TO 5 

300 CONTINUE 
LINES = 1 
DO 400 1= 
IFILINES-

10 WOT 6,20, 
20 FORMAT (1 

ICIENT VS 
2ER 18 .21 
3PRESSURE 
4A3,12HSPA 
5NULUS CLE 
6,21HEQUIV 
74,1B,5HSC 
NOT 6,11 

11 FORMAT (2 
1V,3B,3HC1 
2HC34.3B,4 
9 WOT 6,12, 
1RE16(I),F 

12 FORMAT (2 
1,1PE10.3 
LINES ' L 
IF (LINES 

13 LINES =1 

B.llHRUN NUMBER 18 ,11B,9HDATE RUN 4A6,/5B,22HBARCMETRIC 
= F6.3,6H IN HG,6B,4HTYPE A3,13HKETERING RING,108,4HTYPE 
CER PLATE /5B,26HMETERING RING CLEARANCE = ,F6.4,8B,20HAN 
ARANCE ' ,F5.3,5B,26HMETERING RING AREA RATIO = ,F4.3/.5B 
ALENT DIAMETER ' ,F7.4,12B,15HANNULUS AREA = ,F6. 
IN,3B,21HMETERING RING AREA = ,F6.4,IB,5HSa IN ///) 

B,2hPl,5B,3HP3A,4B,2HP4,5B,3HP6A,4B,3hP8A,3B,5HDP16A,2B,6 
B,6HDP6A8A,2B,6HDP8A8B,2B,6HDP3A38,2a,5HDP8A4.28,5H0P3A4, 
3A,2B,5HDP44A,3a,2HTR,/2B,3HPSI,6(4B,3HPSI),4(5B,3HPSI),3 
),5B,IHR//) 
1( I),P3A(I),P4(I),P6A(I),P8A(I>,OP16A(I),DP6A6B(I),0P6A8A 
B(I],0P3A3B(I),DP8A4(I),0P3A4(I),0P8A3A(I),0P44A(I) ,TR( I) 
B,5(F5.1,2B),F5.2,2B,4(F6.3,2B),F5.2,2B,F5.3,2B,F6.3,1B,F 
.2 /) 
INES +1 
- 30) 300,8,300 

1,J 
1) 9,10, 
TNO,RNO, 
HI //// 
RE FOR R 
B,11HRUN 

F6.3.6 
CER PLAT 
ARANCE = 
ALENT DI 
IN,36,2 

RD,PA,MRT,SPT,CMR,D,ARMR,Q 
22B,64HMASS FLOW VS PRESSU 
EV- 5 //47B,15HTEST CCNOIT 
NUMBER 18 ,11B,9H0ATE RUN 
H IN HG,68,4HTYPE A3,13HHE 
E /5Bf26HMETERING RING CLE 
,F5.3,5B,26HHETERING RING 

AMETER = ,F7.4,12B 
IHMETERING RING AREA = ,F6 

E,AA,AMR 
RE DROP AND LOSS COEFFI 
IONS //,58,IIHTEST NUMB 
4A6,/5B,22HBAR0METRIC 
TERING RING,10B,4HTYPE 
ARANCE = ,F6.4,8B,20HAN 
AREA RATIO = ,F4.3/,5B 
,15HANNULUS AREA ' ,F6. 
.4,18,5HSQ IN ///) 

B,6H0P16AV,2B,6HOP68AV,2B,6H0P83AV,2B,6HDP84AV,2B,6HDP34A 
6,46,6HRE1668,5B,3HF68,5B,3HC8 3,4B,6HRE8384,5B,3HC84,4B,3 
HFLOW / 4B,3HPSI,4(58,3HPSI),61B,6HLB/SEC //) 
DP16AV(I),0P68AV( I ),0P83AV(I),0P84AV(I),DP34AV{I),C16{I) , 
68(I),C83(I),RE834(I ),C84( I) ,C34(1),FLOW(I) 
B.F6.3,4(2B,F6.3),2B,F5.3,IB,1PE10.3,2B,CPF5.4,2B,F5.3,IB 
2a,0PF5.3,3B,F5.3,2B,F6.4 / ) 
INES +1 
30) 400,13,400 

8/17/64 

74 
75 
76 
77 

77A 
77B 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 

lOlA 
lOlB 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 

PAGE 3 

NON-STANDARD 

NON-STANDARD 
NON-STANDARD 

NON-STANDARD 

NON-STANDARD 

NON-STANDARD 
NON-STANDARD 

•n 
H o 
M 

tri 

^^ o o 
3 
c+ 

S" p: 

a 

I 
% 



DIMENSION P1150).P3A(50) , P4( 50).P6A{ 5C),P8A{50),P5(50).DPllA(50). 8/17/64 

GO TO IC 113 
400 CONTINUE 114 

GO TO 30 115 
END 116 

PAGE 4 
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k 

MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 2400 
BAROMETRIC PRESSURE = 29.840 IN HG 
METERING RING CLEARANCE = 0.0120 
EQUIVALENT DIAMETER = 0.1564 

RUN NLMBER 2 
TYPE C METERING RING 
ANNULUS CLEARANCE = 0.080 
ANNULLS AREA = 0.2787 SQ IN 

DATE RUN DECEMBER 19, 1963 
TYPE 6 SPACER PLATE 
METERING RING AREA RATIO =.382 
METERING RING AREA ' 0.1066 SO IN 

PI 
PSI 

120 .0 
119.5 
120.0 
120 .0 
120 .0 
120.0 
120 .0 
120 .0 
120.0 
120.0 
120.5 
120 .0 
120.0 
118.0 
118 .0 
118.0 
118.0 
118 .0 

P3A 
PSI 

119-0 
118-0 
117.9 
116 .5 
115 .3 
114.0 
112 .8 
111.2 
110.0 
108.0 
105.0 
101 .7 

9 7 . 5 
9 0 . 0 
8 3 . 5 
7 6 . 0 
6 4 . 0 
5 9 . 0 

P4 
PSI 

119.0 
117.5 
117.3 
116.0 
114.8 
113.5 
112.1 
110.5 
109.0 
107.0 
104.5 
100.5 

96 .5 
88 .5 
8 2 . 0 
74 .5 
62 .5 
59 .0 

P6A 
PSI 

120.0 
119.8 
120.0 
119.5 
119.3 
119.0 
118.9 
118.2 
118.0 
ii~r.o 
1 1 8 . 0 
1 1 6 . 9 
1 1 6 . 5 
1 1 3 . 2 
1 1 2 . 5 
1 1 2 . 5 
1 1 1 . 8 
1 1 1 . 5 

P8A 
PSI 

1 2 0 . 0 
1 1 9 . 5 
1 1 9 . 8 
1 1 9 . 4 
1 1 9 . 0 
1 1 8 . 7 
1 1 8 . 2 
1 1 7 . 5 
1 1 7 . 2 
1 1 7 . 0 
1 1 7 . 2 
1 1 5 . 8 
1 1 5 . 2 
1 1 2 . 0 
1 1 1 . 0 
U l . O 
1 1 0 . 5 
1 1 0 . 0 

DP16A 
PSI 

0 . 2 7 
0 . 5 6 
0 . 7 8 
0 . 9 8 
1 . 2 8 
1 . 4 7 
1 . 8 2 
2 . 1 1 
2 . 4 3 
2 . 8 7 
3 . 4 1 
4 . 0 0 
4 . 6 2 
5 . 4 0 
5 . 9 9 
6 . 5 8 
6 . 9 9 
7 . 0 0 

DP6A6B 
PSI 

0 . 
- 0 . 0 0 2 

0 . 
- 0 . 0 0 2 
- 0 . 0 0 2 
- 0 . 0 0 3 
- 0 . 0 0 3 
- 0 . 0 0 2 

0 . 
0 . 0 0 4 
0 . 0 0 4 
0 . 
0 . 
0 . 0 0 5 
0 . 0 1 3 
0 . 0 1 1 
0 . 0 0 9 
0 . 0 1 3 

DP6A8A 
PSI 

0 . 0 4 9 
0 . 0 9 8 
0 . 1 4 7 
0 . 2 0 6 
0 . 2 7 0 
0 . 3 1 9 
0 . 3 9 3 
0 . 4 4 2 
0 . 5 1 6 
0 . 6 1 4 
0 . 7 1 2 
0 . 8 3 5 
1 . 0 0 7 
1 . 1 5 4 
1 . 3 0 2 
1 . 4 2 4 
1 . 4 9 8 
1 . 5 2 3 

DP8A8B 
PSI 

0 . 
- 0 . 0 0 2 

0 . 0 0 5 
0 . 0 1 1 
0 . 0 1 0 
0 . 0 1 3 
0 . 0 1 3 
0 . 0 2 0 
0 . 0 2 2 
0 . 0 2 3 
0 . 0 2 7 
0 . 0 3 6 
0 . 0 4 7 
0 . 0 6 1 
0 . 0 5 8 
0 . 0 7 6 
0 . 0 6 7 
0 . 0 6 1 

0P3A3B 
PSI 

0 . 0 0 7 
- 0 . 0 4 7 
- 0 . 0 7 C 
- 0 . 0 9 1 
- 0 . 1 2 6 
- 0 . 1 0 8 
- 0 . 1 2 6 
- 0 . 1 4 5 
- 0 . 1 7 2 
- 0 . 1 7 9 
- 0 . 2 O 4 
- 0 . 2 0 4 
- 0 . 0 9 8 
- 0 . 0 7 4 

0 . 0 6 9 
0 . 3 3 8 
0 . 8 4 0 
0 . 9 2 9 

DP8A4 
PSI 

0 . 8 7 
1 . 7 9 
2 . 4 8 
3 . 2 4 
4 . 2 0 
5 . 0 7 
6 . 0 9 
7 . 2 0 
8 . 4 0 

1 0 . 0 7 
1 2 . 6 2 
1 5 . 2 5 
1 8 . 9 1 
2 3 . 8 2 
2 9 . 3 2 
3 6 . 1 5 
48^05 
5 1 . 0 6 

CP3A4 
PSI 

C . 0 4 9 
0 . 1 2 3 
0 . 0 9 8 
0 . 1 7 2 
0 . 2 9 5 
0 . 2 9 5 
0 . 3 4 4 
0 . 3 9 3 
0 . 4 8 1 
0 . 5 8 9 
0 . 6 6 3 
0 . 8 3 5 
1 . 0 0 7 
1 . 2 7 7 
1 . 4 8 8 
1 . 6 4 6 
0 . 8 8 4 
0 . 1 9 6 

DP8A3A 
PSI 

0 . 8 3 5 
1 . 6 9 5 
2 . 3 3 3 
3 . 1 1 9 
3 . 9 3 0 
4 . 7 6 5 
5 . 7 2 2 
6 . 7 7 9 
7 . 8 8 4 
9 . 4 5 6 

1 1 . 8 8 7 
1 4 . 3 6 8 
1 7 . 8 3 1 
2 2 . 5 9 5 
2 7 . 5 2 7 
3 5 . 0 3 7 
4 6 . 5 5 1 
5 1 . 0 5 5 

DP44A 
PSI 

0 . 0 1 6 
0 . 0 2 2 
0 . 0 3 3 
0 . 0 4 3 
0 . 0 5 4 
0 . 0 5 1 
0 . 0 6 1 
0 . 0 7 2 
0 . 0 9 0 
0 . 1 0 8 
0 . 1 4 8 
0 . 1 6 8 
0 . 1 8 1 
0 . 2 2 0 
0 . 2 8 9 
0 . 3 7 9 
0 . 6 0 0 
0 . 6 4 3 

TR 
R 

5 1 7 . 8 2 
5 1 7 . 3 6 
5 1 6 . 9 1 
5 1 6 . 0 0 
5 1 5 . 5 5 
5 1 5 . 1 0 
5 1 4 . 8 7 
5 1 4 . 1 9 
5 1 4 . 1 9 
5 1 3 . 9 6 
5 1 3 . 7 3 
5 1 3 . 5 0 
5 1 3 . 9 6 
5 1 3 - 7 3 
5 1 3 . 5 0 
5 1 3 - 2 8 
5 1 3 . 2 8 
5 1 3 - 5 0 

M 
X 
td 

o o 



MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 2400 
BAROMETRIC PRESSURE - 29.840 IN HG 
METERING RING CLEARANCE > 0.0120 
EQUIVALENT DIAMETER > 0.1564 

RUN NUMBER 2 
TYPE C METERING RING 
ANNULUS CLEARANCE = 0.080 
ANNULUS AREA ^ 0.2787 SQ IN 

DATE RUN DECEMBER 19, 1963 
TYPE B SPACER PLATE 
METERING RING AREA RATIO =.382 
METERING RING AREA » 0.1066 SQ IN 

IPI6AV 
PSI 

0.270 
0.563 
0.776 
0.981 
1.275 
1.A71 
1.815 
2.110 
2.431 
2.«77 
3.417 
4.003 
4.617 
5.433 
6.029 
6.619 
7.025 
7.039 

0P68AV 
PSI 

0.049 
0.098 
0.150 
0.213 
0.276 
0.327 
0.401 
0.453 
0.527 
0.624 
0.724 
0.8;>3 
1.030 
1.182 
1.324 
1.457 
1.527 
1.547 

DP83AV 
PSI 

0.839 
1.672 
2.295 
3.068 
3.861 
4.704 
5.653 
6.696 
7.787 
9.354 
11.771 
14.247 
17.758 
22.527 
27.532 
35.168 
46.938 
51.489 

0P84AV 
PSI 

0.886 
1.808 
2.498 
3.263 
4.230 
5.099 
6.124 
7.232 
8.443 
10.128 
12.699 
15.331 
18.999 
23.925 
29.463 
36.337 
48.381 
51.420 

0P34AV 
PSI 

0.057 
0.160 
0.154 
0.244 
,0.393 
0.380 
0.447 
0.511 
0.621 
0.749 
0.854 
1.034 
1.167 
1.447 
1.621 
1.699 
0.829 
0.127 

C16 

1.504 
1.554 
1.576 
1.528 
1.555 
1.504 
1.569 
1.572 
1.587 
1.598 
1.589 
1.597 
1.589 
1.636 
1.626 
1.638 
1.637 
1.640 

RE1668 

3.728E 
5.292E 
6.187E 
7.079E 
8.011E 
8.757E 
9.529E 
1.028E 
1.099E 
1.192E 
1.306E 
1.408E 
1.514E 
1.607E 
1.700E 
1.775E 
1.829E 
1.828E 

04 
04 
04 
04 
04 
04 
04 
05 
05 
05 
05 
OS 
05 
05 
05 
05 
05 
05 

F68 

.0142 

.0141 

.0158 

.0171 

.0174 

.0172 

.0178 

.0173 

.0176 

.0177 

.0171 

.0172 

.0179 

.0178 

.0178 

.0179 

.0176 

.0178 

C83 

4.920 
4.963 
5.039 
5.039 
5.098 
5.145 
5.209 
5.285 
5.390 
5.479 
5.724 
5.894 
6.266 
6.844 
7.503 
8.444 
0.546 
1.206 

RE8384 

3.761E 
5.338E 
6.241E 
7.142E 
8.082E 
8.835E 
9.613E 
1-037E 
1.108E 
1.202E 
1.317E 
1.420E 
1.527E 
1.622E 
1.715E 
1.791E 
1.846E 
1.845E 

04 
04 
04 
04 
04 
04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

C84 

0.719 
0.725 
0.736 
0.736 
0.745 
0.752 
0.761 
0.772 
0.788 
0.801 
0.837 
0.861 
0.916 
1.000 
1.097 
1.234 
1.541 
1.638 

C34 

0.314 
0.434 
0.305 
0.368 
0.460 
0.370 
0.364 
0.354 
0.373 
0.376 
0.350 
0.354 
0.332 
0.340 
0.322 
0.283 
0.112 
0.016 

FLOW 
L8/SEC 

0.0662 
0.0938 
0.1096 
0.1253 
0-1417 
0.1548 
0.1684 
0.1815 
0.1939 
0.2103 
0.2303 
0.2482 
0.2671 
0.2835 
0.2997 
0.3129 
0.3224 
0.3224 

> 

X 

o o 
3 
C+ 

0 
» 
P-



MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 250C 
BAROMETRIC PRESSURE = 29.380 IN HG 
METERING RING CLEARANCE = O.OUO 
EQUIVALENT DIAMETER = 0.1564 

RUN NUMBER 3 
TYPE E METERING RING 
ANNULLS CLEARANCE = 0. 080 
ANNULLS AREA = 0.2787 SC IN 

DATE RUN JANUARY 16, 1964 
TYPE B SPACER PLATE 
METERING RING AREA RATIO =.415 
METERING RING AREA ' 0.U58 SO T 

PI 
PSI 

119.0 
120.0 
120.0 
120.0 
119.8 
120.0 
119.8 
120.0 
119.9 
120.0 
120.1 
119.5 
118.0 
118.5 
117.5 
115.0 

P3A 
PSI 

117.5 
117.0 
115.5 
114.0 
112.0 
110.8 
108.0 
104.5 
102.0 
99.8 
97.3 
93.0 
87.9 
83.0 
75.2 
54.0 

P4 
PSI 

116.8 
116.5 
115.0 
113.5 
111.5 
110.0 
107.2 
103.5 
101.0 
99.0 
96.8 
92.8 
87.0 
82.2 
74.0 
56.5 

P6A 
PSI 

119.0 
119.5 
119.0 
119.0 
118.5 
118.0 
117.2 
117.0 
116.2 
116.0 
116.0 
114.8 
113.0 
112.8 
Ul.O 
108.5 

P8A 
PSI 

118.5 
119.0 
118.5 
118.2 
117.3 
117-0 
116.3 
115.5 
115.0 
114.5 
114.8 
113.0 
111.1 
111.0 
109.2 
106.5 

DP16A 
PSI 

0.65 
1.03 
1.40 
1.77 
2-11 
2.48 
3.05 
3.78 
4.18 
4.57 
5.05 
5.55 
6.02 
6-61 
7-00 
7-44 

DP6A6B 
PSI 

0. 
-0.002 
-0.004 
-0.002 
-0.002 
-0.007 
-0.002 
-0.007 
-0.007 
-0.004 
-0.004 
-0.004 
-0.007 
-0.007 
0. 

-0-007 

0P6A8A 
PSI 

0.147 
0.246 
0.344 
0.418 
0.491 
0.589 
0.688 
0.884 
0.982 
1.056 
1.179 
1.277 
1.375 
1.523 
1.621 
1,695 

DP8A8B 
PSI 

-0.018 
-0.022 
-0.033 
-0.040 
-0.043 
-0.056 
-0.060 
-0.079 
-0.076 
-0-087 
-0-108 
-0.101 
-0.110 
-0.125 
-0.072 
-0.094 

DP3A3B 
PSI 

0.C05 
0.085 
0.130 
0.116 
0.083 

-0.195 
-0.228 
-0.280 
-0.264 
-0.264 
-0.313 
-0.495 
-0.609 
-0.696 
-0.137 
-1.843 

DP8A4 
PSI 

1.72 
2.82 
3.86 
4.94 
6.07 
7.29 
9.19 

12.26 
13.95 
15.87 
18.22 
20.95 
24.39 
28-91 
35.42 
50.05 

CP3A4 
PSI 

0.108 
0.172 
0.270 
0.295 
0.319 
0-373 
0.393 
0.467 
0.540 
0.589 
0-639 
0.614 
0.639 
0.688 
0.909 
2.407 

DP8A3A 
PSI 

1.596 
2.628 
3.610 
4.617 
5.722 
7.000 
8.842 

11.789 
13-434 
15-227 
17-536 
20-336 
23.725 
27.998 
33.996 
52.558 

DP44A 
PSI 

0.058 
0.087 
0.119 
0.173 
0.228 
0.278 
0.343 
0.441 
0.477 
0.524 
0-553 
0-650 
0.752 
0.824 
0.730 
1.203 

TR 
R 

520.08 
516.91 
515.10 
513-74 
512.14 
508-95 
506-44 
505-52 
505-06 
503-08 
503-22 
502.76 
502-99 
502.53 
502.07 
500.92 



MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 2500 
BAROMETRIC PRESSURE = 29.380 IN HG 
METERING RING CLEARANCE = O.OUO 
EQUIVALENT DIAMETER = 0.1564 

RUN NtHBER 3 
TYPE E METERING RING 
ANNULLS CLEARANCE = 0.080 
ANNULLS AREA = 0.2787 SQ IN 

DATE RUN JANUARY 16, 1964 
TYPE 8 SPACER PLATE 
METERING RING AREA RATIO =.415 
HtTtRlNG RING AREA = 0.1158 SQ IN 

DP16AV 
PSI 

0.653 
1.030 
1.396 
1.767 
2.110 
2.473 
3.044 
3.775 
4.168 
4.565 
5.046 
5.571 
6.039 
6.631 
7.032 
7.468 

DP68AV 
PSI 

0.138 
0.236 
0.329 
0.399 
0.470 
0.565 
0.659 
0.848 
0.948 
1.015 
1.126 
1.228 
1.324 
1.464 
1.58 5 
1.651 

DP83AV 
PSI 

1.608 
2.681 
3.692 
4.695 
5.786 
6.930 
8.758 

11.689 
13.340 
15.139 
17.434 
20.139 
23.476 
27.713 
33.963 
51.684 

0P84AV 
PSI 

1.770 
2.903 
3.965 
5.086 
6.257 
7.507 
9.453 
12.589 
14.313 
16.260 
18.658 
21.434 
24.943 
29.521 
36.020 
50.925 

DP34AV 
PSI 

0.148 
0.197 
0.298 
0.367 
0.446 
0.655 
0.744 
0.901 
0.997 
1.072 
1.175 
1.295 
1.443 
1.587 
1.546 

-0.661 

C16 

1.703 
1.657 
1.662 
1.656 
1.654 
1.648 
1.667 
1.654 
1.661 
1.665 
1.673 
1.735 
1.683 
1.721 
1.767 
1.726 

RE1668 

5.394E 
6.945E 
8.HOE 
9.170E 
1.006E 
I.IOIE 
1.221E 
1.369E 
1.437E 
1.507E 
1.584E 
1.632E 
1.715E 
1.782E 
1.807E 
1.872E 

04 
04 
04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

F68 

.0187 

.0196 

.0202 

.0192 

.0189 

.0193 

.0184 

.0188 

.0191 

.0186 

.0187 

.0191 

.0184 

.0188 

.0197 

.0187 

C83 

4.586 
4.626 
4.659 
4.691 
4.808 
4.888 
5.033 
5.327 
5.486 
5.686 
5.902 
6.337 
6.566 
7.197 
8.461 
0.937 

RE8384 

5.440E 
7.004E 
8.180E 
9.249E 
1.015E 
l.UOE 
1.231E 
1.381E 
1.449E 
1.520E 
1.597E 
1.646E 
1.729E 
1.798E 
1.822E 
1.888E 

04 
04 
04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

C84 

0.791 
0.798 
0.804 
0.809 
0.830 
0.843 
0.868 
0.919 
0.947 
0.981 
1.018 
1.094 
1.133 
1.242 
1.460 
1.887 

C34 

0.377 
0.308 
0.340 
0.326 
0.328 
0.404 
0.370 
0.347 
0.343 
0.331 
0.321 
0.322 
0.309 
0.301 
0.263 
0.081 

FLUW 
LB/SEC 

0.0961 
0.1231 
0.1433 
0.1617 
0.1771 
0.1928 
0.2130 
0.2385 
0.2501 
0.2618 
0.2749 
0.2831 
0.2976 
0.3091 
0.3131 
0.3238 



MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 2600 RUN NLMBER 2 DATE RUN JANUARY 16, 1964 
BARCMtTRIC PRESSU,<fa = 29.250 IN HG TYPE F METERING RING TYPE B SPACER PLATE 
METERING RING CLEARANCE = 0.0100 ANNULUS CLEARANCE ' 0.080 METERING RING AREA RATIO =.346 
EQUIVALENT DIAMETER = 0 

P I 
PS I 

1 2 0 . 0 
1 1 9 . 0 
1 1 8 . 0 
1 1 9 . 8 
1 2 0 . 5 
1 2 0 . 1 
1 2 0 . 0 
1 1 9 . 6 
1 1 9 . 8 
1 2 0 . 2 
1 2 0 . 0 
1 2 0 . 0 
1 2 0 . 1 
1 1 9 . 9 
1 1 8 . 6 
1 1 8 . 5 

PJA 
PSI 

1 1 9 . 8 
1 1 7 . 0 
1 1 4 . 5 
1 1 4 . 0 
1 1 3 . 0 
1 1 1 . 0 
1 0 9 . 0 
l O o . S 
1 0 1 . 3 
1 0 1 . 0 

9 8 . 0 
9 4 . 0 
9 0 . 5 
8 6 . 2 
7 9 . 5 
6 2 . 5 

P4 
PSI 

1 1 9 . 0 
1 1 6 . 0 
1 1 3 . 8 
1 1 3 . 2 
1 1 2 . 8 
1 1 0 . 5 
1 0 8 . 2 
1 0 5 . 5 
1 0 2 - 0 
1 0 0 . 4 

9 6 . 5 
9 2 . 5 
8 9 . 0 
8 4 . 2 
7 7 . 0 
59.:3 

P6A 
P S I 

1 2 C . 0 
U 8 . 8 
1 1 7 . 6 
1 1 9 . 0 
U 9 - 5 
1 1 9 . 0 
1 1 8 . 8 
1 1 7 . 5 
1 1 7 . U 
1 1 7 . 5 
1 1 6 . 8 
1 1 6 . 0 
1 1 6 . U 
1 1 5 . 0 
1 1 3 . 5 
1 1 3 . 0 

. 1 5 6 4 

PSA 
P S I 

1 1 9 . 8 
1 1 8 . 0 
1 1 7 . 0 
1 1 8 . 0 
1 1 9 . 0 
1 1 8 . 5 
1 1 7 . 5 
1 1 6 . 8 
1 1 5 . 7 
1 1 6 . 5 
1 1 5 . 2 
1 1 4 . 5 
1 1 4 . 5 
1 1 3 . 2 
U 1 . 8 
1 1 1 . 0 

0P16A 
P S I 

0 . 2 5 
0 . 6 4 
1 . 0 1 
1 . 4 0 
1 . 7 2 
2 . 0 6 
2 . 4 3 
2 . b 0 
3 . 3 9 
3 . 7 3 
4 . 2 0 
4 . 6 9 
5 . 1 3 
5 . 5 3 
5 . 8 9 
6 . 3 6 

ANNULUS AREA 

0P6A68 
PS I 

0 . 
0 . 
0 . 
0 . 
0 . 0 0 4 
0 . 0 0 7 
0 . 0 0 9 
0 . 0 0 9 
0 . 0 0 9 
0 . 0 0 9 
0 . 0 0 4 
0 . 0 0 4 
0 . 0 0 7 
0 . 0 0 4 
0 . 
0 . 0 0 7 

DP6A8A 
PSI 

0 . 0 3 9 
0 . 1 4 7 
0 . 2 2 1 
0 . 3 1 9 
0 . 3 9 3 
0 , 4 6 7 
0 . 5 4 0 
0 . 6 1 4 
0 . 7 6 1 
0 . 8 1 0 
0 . 9 5 8 
1 . 0 5 6 
1 . 1 5 4 
1 . 2 2 8 
1 . 3 2 6 
1 . 4 2 4 

' 0 . 2 7 8 7 

DP8A88 
PSI 

0 . 
0 . 0 0 4 
0 . 0 0 4 
0 . 0 0 7 
0 . 0 0 9 
0 . 0 1 4 
0 . 0 1 4 
0 . 0 1 6 
0 . 0 2 3 
0 . 0 1 8 
0 . 0 2 5 
0 . 0 3 6 
0 . 0 2 5 
0 . 0 2 9 
0 . 0 3 6 
0 . 0 4 3 

SQ I N 

0P3A38 
PSI 

0 . 
- 0 . 0 5 6 
- 0 . 1 2 5 
- 0 . 1 6 3 
- 0 . 1 9 1 
- 0 . 2 1 5 
- 0 . 2 3 1 
- 0 . 2 9 8 
- 0 . 3 6 9 
- 0 . 4 2 6 
- 0 . 5 2 0 
- 0 . 6 0 3 
- 0 . 6 7 C 
- 0 . 7 6 1 
- 0 . 7 1 5 
- 1 . 2 3 9 

METERING RING 

0P8A4 
PSI 

0 . 8 7 
2 . 3 0 
3 . 7 1 
5 . 1 6 
6 . 6 8 
8 . 0 3 
9 . 5 8 

1 1 . 2 0 
1 4 . 1 2 
1 6 - 2 8 
1 9 . 1 3 
2 2 . 1 5 
2 5 . 9 6 
2 9 . 6 4 
3 4 . 9 2 
5 1 . 5 6 

CP3A4 
PSI 

0 . 0 3 9 
0 . 1 9 6 
0 . 2 2 1 
0 . 2 9 5 
0 . 2 9 5 
0 . 3 9 3 
0 . 5 2 1 
0 . 6 1 4 
0 . 7 8 6 
0 . 8 6 0 
1 . 0 5 6 
1 . 2 5 3 
1 . 4 9 3 
1 . 8 4 2 
2 . 2 3 5 
2 . 9 2 3 

AREA = 

DPaA3A 
P S I 

0 . 8 3 5 
2 . 1 3 7 
3 . 4 8 8 
4 . 8 6 3 
6 . 3 6 1 
7 . 5 8 9 
9 . 0 3 8 

1 0 . 5 8 5 
1 3 . 3 6 1 
1 5 . 3 5 0 
1 8 . 0 5 2 
2 1 . 0 9 7 
2 4 . 4 1 3 
2 7 . 0 0 6 
3 2 . 2 9 6 
4 8 . 5 5 0 

0 . 0 9 / . 3 

DP44A 
PSI 

0 . 0 1 1 
0 . 0 1 6 
0 . 0 2 7 
0 . 0 2 5 
0 . 0 2 3 
0 . 0 3 3 
0 . 0 3 3 
0 . 0 5 1 
0 . 0 7 2 
0 . 0 8 3 
0 . 1 0 8 
0 . 1 3 4 
0 . 1 6 6 
0 . 1 9 5 
0 . 2 6 0 
0 . 4 8 1 

SQ IM 

TR 
R 

5 2 1 . 8 8 
5 1 9 . 6 3 
5 1 7 . 5 9 
5 1 7 . 3 7 
5 1 6 . 9 1 
5 1 6 . 4 6 
5 1 6 . 2 3 
5 1 6 . 0 1 
5 1 5 . 3 3 
5 1 5 . 1 0 
5 1 4 . 6 4 
5 1 4 . 4 2 
5 1 4 . 4 2 
5 1 4 . 4 2 
5 1 3 . 7 4 
5 1 3 . 2 3 



MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR RtV- 5 

TEST CONDITIONS 

TEST NUMBER 2600 
BAROMETRIC PRESSURE = 29.250 IN HG 
METERING RING CLEARANCE = 0.0100 
EQUIVALENT DIAMETER = 0.1564 

RUN NUMBER 2 
TYPE F METERING RING 
ANNULUS CLEARANCE = 0.080 
ANNULUS AREA = 0.2787 SC IN 

DATE RUN JANUARY 16, 1964 
TYPE B SPACER PLATE 
METERING RING AREA RATIO =.346 
METERING RING AREA = 0.0963 SQ IN 

0P16AV 
PSI 

0.246 
0.639 
1.007 
1.405 
1.723 
2.070 
2.440 
2.809 
3.398 
3.742 
4.203 
4.695 
5.163 
5.556 
5.921 
6.397 

CP68AV 
PSI 

0.039 
0.149 
0.223 
0.323 
0.396 
0.471 
0-543 
0.617 
0-769 
0.815 
0.969 
1.072 
1.163 
1.241 
1.344 
1.443 

DP8 3AV 
PSI 

0.835 
2.107 
3.423 
4.775 
6.261 
7.474 
8.915 

10.429 
13.165 
15.128 
17.7/9 
20.777 
24.065 
26.611 
31.921 
47.909 

0Pa4AV 
PSI 

0.883 
2.310 
3.725 
5.172 
6.694 
8.047 
9.594 

11.229 
14.163 
16.334 
19.203 
22.242 
26-075 
29-787 
35.123 
51.948 

DP34AV 
PSI 

0.048 
0.237 
0.302 
0.397 
0.409 
0.523 
0.659 
0.800 
1.023 
1.133 
1.399 
1.661 
1.961 
2.380 
2.809 
3.955 

C16 

1.623 
1.654 
1.642 
1.666 
1.568 
1.598 
1.615 
1.637 
1.642 
1.626 
1.631 
1.635 
1.644 
1.658 
1.677 
1.682 

RE1668 

3.385E 
5.415E 
6.833E 
8.073E 
9.247E 
1.004E 
1.084E 
1-154E 
1.271E 
1.343E 
1.422E 
1.502E 
1.571E 
1.622E 
1.659E 
1.723E 

04 
04 
04 
04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

F68 

.0135 

.0201 

.0188 

.0197 

.0185 

.0187 
-0184 
.0184 
.0189 
.0179 
.0190 
.0188 
.0186 
.0185 
.0190 
.0188 

C83 

5.820 
5.948 
6.019 
6.053 
5.999 
6.096 
6.209 
6.377 
6.632 
6.857 
7.162 
7.414 
7.910 
8.440 
9.4C2 
2.854 

RE8384 

3.413E 
5.460E 
6i890E 
8.140E 
9.324E 
1.012E 
1.093E 
1.164E 
1.281E 
1.354E 
1.434E 
1.514E 
1.584E 
1.635E 
1.673E 
1.738E 

04 
04 
04 
04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

C84 

0.695 
0.711 
0.719 
0.723 
0.717 
0.728 
0.742 
0.762 
0.792 
0.819 
0.856 
0.886 
0.945 
1.008-
1.123 
1.536 

C34 

0.313 
0.601 
0.475 
0.448 
0.349 
0.374 
0.398 
0.418 
0.431 
0.420 
0.450 
0.464 
0.483 
0.534 
0.561 
0.604 

FLOW 
LB/SEC 

0.0604 
0.0964 
0.1212 
0.1432 
0.1639 
0.1778 
0.1920 
0.2043 
0.2247 
0.2374 
0.2512 
0.2651 
0.2774 
0.2863 
0.2927 
0.3038 

> 
^ 
3 a 
^ 
X 
tu 

o 
g. 

<9 
P-



MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 2700 RUN NUf'BER 3 DATE RUN JANUARY 9, 1964 
BAROMETRIC PRESSURE ' 28.820 IN HG TYPE A METERING RING TYPE A SPACER PLATE 
METERING RING CLEARANCE ' 0.0130 ANNULUS CLEARANCE = 0.080 METERING RING AREA RATIO '.429 
EQUIVALENT DIAMETER = 0.1428 ANNULLS AREA = 0.2592 SC IN METERING RING AREA = 0.1112 SQ IN 

PI 
PSI 

120.0 
120.0 
120.2 
119.9 
120.0 
120.0 
120.0 
119.6 
120.0 
120.1 
117.0 
117.0 
117.0 
118.0 

P3A 
PSI 

113.0 
115.5 
114.1 
111.4 
109.8 
lOo.B 
103.0 
100.5 
97.5 
94.2 
84.0 
79.1 
72.2 
53.0 

P4 
PSI 

118.0 
115.8 
114.8 
111.7 
110.0 
107.1 
103.5 
101.5 
99.0 
95.6 
86.0 
81.0 
74.8 
58.0 

P6A 
PSI 

119.5 
119.0 
119.0 
117.5 
117.2 
116.5 
115.5 
115.0 
114.5 
114.3 
110.0 
109.5 
109.0 
109.5 

P8A 
PSI 

119.5 
118.5 
118.1 
116.5 
116.4 
115.0 
114.0 
113.5 
113.0 
112.5 
108.0 
107.5 
106.8 
107.0 

DP16A 
PSI 

0.88 
1.47 
2.06 
2.63 
3.19 
3.93 
4.66 
5.35 
6.09 
6.75 
7.69 
8.23 
8-72 
9-01 

DP6A68 
PSI 

0.004 
0.007 
0.005 
0. 
0. 
0.007 
0.011 
0.00° 
0.011 
0.022 
0.027 
0.014 
0.018 
0.018 

DP6A8A 
PSI 

0.196 
0.295 
0.442 
0.585 
0.688 
0.845 
1.056 
1.130 
1.277 
1.449 
1.646 
1.768 
1.867 
1.891 

DP8A8B 
PSI 

-0.007 
-0.014 
-0.018 
-0.020 
-0.025 
-0.042 
-0.047 
-0.061 
-0.076 
-0.098 
-0.076 
-0.090 
-0.137 
-0.143 

DP3A3B 
PSI 

0.C07 
0.004 
0.018 
0.042 
0.072 
0.108 
0.119 
0.145 
0.181 
0.202 
0.287 
0.361 
0.535 
C.708 

DP8A4 
PSI 

1.67 
2.80 
4.03 
5.30 
6.53 
8.30 

10.86 
12.23 
14.61 
17.19 
22.72 
26.62 
32.39 
49.05 

DP3A4 
PSI 

0.172 
0.295 
0.403 
0.491 
0.589 
0.737 
0.933 
1.032 
1.228 
1.474 
1.867 
2.137 
2.554 
5.182 

DP8A3A 
PSI 

1.817 
3.095 
4.411 
5.747 
7.122 
8.989 
11.789 
13.262 
15.807 
18.656 
24.462 
28.406 
34.580 
54.057 

DP44A 
PSI 

0.007 
0.018 
0.036 
0.049 
0.061 
0.079 
O.IOB 
0.112 
0.123 
0.145 
0.217 
0.217 
0.314 
0.267 

TK 
R 

524.53 
521.43 
520.31 
518.50 
517.59 
516.46 
515.78 
515.10 
514.64 
514.64 
514.42 
513.51 
513.til 
513.2n 



MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 2700 
BAROMETRIC PRESSURE = 28.820 IN HG 
METERING RING CLEARANCE = 0.0130 
EQUIVALENT DIAMETER = 0.1428 

RUN NLMBER 3 
TYPE A METERING RING 
ANNULUS CLEARANCE ' 0.080 
ANNULUS AREA = 0.2592 SC IN 

DATE RUN JANUARY 9, 1964 
TYPE A SPACER PLATE 
METERING RING AREA RATIO '.429 
METERING RING AREA ' 0.1112 SQ 1,1 

DP16AV 
PSI 

DP68AV 
PSI 

DP83AV 
PSI 

DP84AV 
PSI 

DP34AV 
PSI 

C16 RE1668 F68 C83 RE8384 C84 C34 FLOW 
LB/SEC 

0.888 
1.481 
2.068 
2.628 
3.193 
3.937 
4.874 
5.363 
6.102 
6.776 
7.714 
8.242 
8.737 
9.032 

C.191 
0.284 
0.430 
0.575 
0.675 
0.82C 
1.027 
1.095 
1.234 
1.389 
1.594 
1.716 
1.789 
1.811 

1.825 
3.104 
4.429 
5.778 
7.171 
9.064 

11.872 
13.365 
15.935 
18.806 
24.643 
28.632 
34.916 
54.482 

1.675 
2.801 
4.028 
5.296 
6.518 
8.291 

10.838 
12.222 
14.605 
17.188 
22.660 
26.580 
32.316 
48.971 

-0.174 
-0.303 
-0.420 
-0.531 
-0.653 
-0.822 
-1.034 
-1.144 
-1.364 
-1.628 
-2.107 
-2.405 
-2.969 
-5.688 

1.689 
1.703 
1.692 
1.692 
1.679 
1.732 
1.720 
1.740 
1.730 
1.722 
1.740 
1.745 
1.770 
1.764 

5.716E 04 
7.409E 04 
8.814E 04 
9.967E 04 
1.106E 05 
1.212E 05 
1.356E 05 
1.414E 05 
1.517E 05 
1.603E 05 
1.6B3E 05 
1.741E 05 
1.780E 05 
1.B20E 05 

.0172 

.0154 

.0165 

.0173 

.0165 

.0167 

.0166 

.0162 

.0159 

.0160 

.0161 

.0162 

.0161 

.0157 

3.160 
3 .178 
3.235 
3 .329 
3.328 
3.519 
3.658 
3.774 
3 .914 
4.1C3 
4 .749 
5 .201 
6 .021 
8 .779 

5.809E 04 
7.530E 04 
8.958E 04 
1.013E 05 
1.124E 05 
1.232E 05 
1.378E 05 
1.438E 05 
1.542E 05 
1.629E 05 
1.710E 05 
1.769E 05 
1.809E 05 
1.850E 05 

0.581 
0.585 
0.595 
0.612 
0.612 
0.647 
0.673 
0.694 
0.720 
0.755 
0.874 
0.957 
1.108 
1.615 

0.324 
0.335 
0.326 
0.319 
0.315 
0.325 
0.317 
0.316 
0.320 
0.331 
0.352 
0.359 
0.393 
0.562 

0.1044 
0.1347 
0.1600 
0.1804 
0.1999 
n.2188 
.2444 
.2547 
.2730 
.2884 
,3027 
.3127 

0.3197 
0.3269 

> 

M 

dd 

o o 
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MASS FLOW VS PRESSURE DRuP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TtSl CGNOITIONS 

TEST NUMBER 2800 
BAROMETRIC PRfcSSUr̂ E = 29.335 IN HG 
METERING RING CLEARANCE = 0.0130 
EQUIVALENT DIAMETER = 0.1428 

RUN NLMBER 3 
TYPE e METERING KING 
ANNULljS CLEARANCE = 0,080 
ANNULLS AREA ' 0-2592 SC IN 

OATE RUN JANUARY 10, 1964 
TYPE A SPACER PLATE 
METERING RING AREA RATIO '-387 
METERING RI.NG AREA = 0.1u03 SQ l.\ 

P I 
PSI 

120.0 
120 .1 
120.0 
120.0 
120.0 
120.2 
120.0 
120.0 
120 .1 
120 .1 
120.0 
120 .1 
120.5 
119.7 
120.5 

PiA 
PSI 

118.3 
117.0 
115.4 
113.4 
111.5 
110.0 
lOh.O 
lOO.O 
104.5 
98 .5 
9 4 . 3 
90 .0 
83 .0 
74.5 
53 .0 

P4 
PSI 

118.3 
117.2 
115.2 
113.3 
112-0 
110.5 
108.5 
106.5 
105.0 
99 .7 
95 .5 
91 .5 
85-2 
77.C 
57 .5 

P6A 
PSI 

120.0 
120.0 
119 .1 
118.6 
U 8 . 0 
118.1 
i l 7 . 5 
U 7 - 5 
117.5 
1 16.8 
115.5 
115.5 
U 5 . 5 
1 14.C 
115.0 

P8A 
PSI 

119.5 
119.5 
U 8 . 9 
118.0 
117,2 
117.3 
U 6 . 8 
116,5 
116.3 
115.5 
114.5 
114.5 
114.0 
112.5 
113.5 

OPLoA 
PSI 

0 , 6 1 
0 .96 
1.35 
1.74 
2 ,09 
2 ,46 
2 .79 
3. 19 
3 .44 
4 ,30 
4 .76 
5,23 
5,77 
6 . 19 
6,3 ) 

QP6A6i3 
PSI 

0 . 
0,00"* 
0 . 
0 . 
0 .004 
U. 
0.007 
0 . 
0 . 
0 . 
0 , 
0,00? 
0 .004 
0.UO7 
U. 

DP6A8A 
PSI 

0.123 
0.196 
0.295 
0.344 
0.442 
0 .491 
0,565 
0.639 
0.712 
0.P84 
0.958 
1.056 
1.154 
1.253 
1.302 

DP8A8B 
PSI 

- 0 . 0 0 4 
- 0 . 0 0 7 
- 0 , 0 1 1 
- 0 . 0 1 3 
- 0 . 0 1 3 
- 0 . 0 1 4 
- 0 . 0 3 v 
- 0 . 0 2 5 
- 0 . 0 3 3 
- 0 . 0 4 0 
- 0 . 0 4 3 
- 0 . 0 5 4 
- 0 . 0 6 1 
- 0 . 0 6 9 
- 0 . 0 7 2 

DP3fl3H 
PSI 

G.C33 
C.C36 
0.C83 
0.C89 
c u e 
0.163 
0.217 
0 .251 
0.284 
0.387 
0.453 
0.457 
0.477 
C.607 
0.499 

DP8A4 
PSI 

1.60 
2 .60 
3.66 
4 . 8 1 
6.04 
7.39 
8.62 

10.36 
11.74 
16.11 
19.11 
23 .26 
29 .42 
35.83 
56 .06 

CP3A4 
PSI 

G.147 
0.295 
0.368 
0.467 
0.550 
0,639 
0,712 
0.860 
C.958 
1,326 
1.533 
1.867 
2,309 
2 .751 
4 .593 

DP8A3A 
PSI 

1.729 
2.874 
4 .003 
5.280 
6.558 
8.007 
9.333 

11.175 
12.648 
17.428 
20.704 
24.879 
30.995 
38.039 
60,565 

DP44A 
PSI 

0.004 
0.007 
0.018 
0 .031 
0.025 
0,029 
0,036 
0.007 
0.007 
0.072 
0,116 
0.145 
0.217 
0.296 
0 .361 

TR 
R 

515.33 
515.55 
516 ,01 
515.55 
516 ,01 
516.46 
516 , 'H 
516 .01 
514.87 
513.96 
513.96 
512.33 
512,60 
51 1,69 
bU.OO 



MASS FLOW VS PRESSURt DRUP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 280C 
BAROMETRIC PRESSURE ' 29.335 IN HG 
METERING RING CLEARANCt = 0.0130 
EQUIVHLENT DIAMETER ' 0.1428 

RUN NLMBER 3 
TYPE e METERING RING 
ANNULUS CLEARANCE ' 0.080 
ANNULLS AREA = 0.2592 SC IN 

OATt RUN JANUARY 10, 1964 
TYPE A SPACER PLATE 
METERING RING AREA RATIO '.387 
METERINu RING AREA ' 0.1003 SQ IN 

IP16AV 
PSI 

0.614 
0.961 
1.351 
1.744 
2.091 
2.456 
2.797 
3.193 
3.438 
4.298 
4.765 
5.239 
5.775 
6.196 
6.386 

0P68AV 
PSI 

C.121 
0.191 
0.289 
0.338 
0.434 
C.484 
0.546 
0.626 
0.696 
0.864 
0.936 
1.025 
1.122 
1.215 
1.266 

DPP3AV 
PSI 

1.747 
2.8*5 
4.030 
5.331 
6.619 
8.0J5 
9.457 

11.313 
12.806 
17.641 
20.952 
25.135 
31.264 
38.3/6 
60.850 

DPa4AV 
PSI 

1.597 
2.605 
3.655 
4.806 
6.044 
/.390 
8.624 

10.384 
11.766 
16.124 
19.096 
23.255 
29.399 
35.783 
55.947 

DP34AV 
PSI 

-0.165 
-0.315 
-0.420 
-0.525 
-0.609 
-0.729 
-0.833 
-0.978 
-1.090 
-1.52/ 
-1.793 
-2.125 
-2.601 
-3.139 
-4.991 

C16 

1.674 
1.628 
1.671 
1.711 
1.70/ 
1.679 
1./02 
1.696 
1.668 
1.683 
1./06 
1.696 
1.702 
1.723 
1.688 

RE1668 

4.889E 
6.203E 
7.246E 
8.144E 
8.920E 
9.743E 
1.031E 
1.106E 
1.161E 
1.295F 
1.354t 
1.428E 
1.500E 
1.543E 
1.590E 

04 
04 
04 
04 
04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 

F68 

.0156 

.0153 

.0169 

.0156 

.0166 

.0155 

.0155 

.0154 

.0157 

.0156 

.0154 

.0152 

.0151 

.0153 

.0152 

C83 

4.330 
4.371 
4.466 
4.643 
4.840 
4.942 
5.116 
5.358 
5.533 
6.073 
6.548 
7.180 
8.221 
9.401 
3.949 

REa384 

4.972t 
6.308E 
7.368E 
8.282E 
9.071E 
9.907E 
1.048E 
1.124E 
1.180E 
1.317E 
1.376E 
1.452E 
1.523E 
1.569E 
1.617E 

04 
04 
04 
04 
04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 

C84 

0.648 
0.654 
0.668 
0.695 
0.724 
0.739 
0.765 
0.802 
0.828 
0.909 
0.980 
1.074 
1.230 
1.407 
2.087 

C34 

0.441 
0.517 
0.497 
0.487 
0.463 
0.458 
0.458 
0.461 
0.462 
0.497 
0.515 
0.528 
0.550 
0.575 
0.649 

FLOW 
LB/SEC 

0.0881 
0.1118 
0.1307 
0.1468 
0.1608 
0.1758 
0.1361 
0.1994 
0.2089 
0.2327 
0.2433 
0.2562 
0.2691 
0.2764 
0.2846 



,«ASS FLÔ i VS PRESSURE DRUP ANC LCSS COEFFICIENT VS RE FOR REV- 5 

TEST CCNDUIONS 

TtST NUMBER 290C 
BAROMCIRIC PRESSURE = 29.360 IN Hb 
METERING RING CLEARANCE = 0.0130 
EQUIVflLtNT DIAWfcTcR ' C.l'.28 

RUN NLA<BE« 3 
TYPL C METERI.'.G RING 
ANNULLS CLEARANCt ' 0,030 
AWULLS A'̂ tA = 0,2592 SQ IN 

UATfc RUN JANUARY 10, ITb'. 
TYPE A SPACER PLATE 
METERING RING AREA RATIL, ',t74 
"tTtRINo RING AAtA = 0,1227 SO 1 

P I 
P S I 

1 2 0 . 0 
1 2 0 . 0 
1 1 9 . 5 
12G.0 
1 2 0 . 0 
1 2 0 . 0 
1 2 0 . 0 
1 1 9 . 9 
1 1 9 , 0 
1 1 9 . 7 
1 2 0 . 0 
1 2 0 . 5 
1 1 9 . 5 
1 1 6 . 5 
1 1 6 . 5 
1 1 5 . 2 

P3A 
P S I 

l l y . 2 
1 1 3 . 0 
1 1 5 . S 
1 1 5 . 0 
1 1 3 . 0 
1 1 1 . 0 
1 0 3 . 5 
1 0 b . 5 
1 0 4 . 0 
1 0 1 , 0 

9 9 . 5 
9 7 . 0 
9 i . 5 
8 5 . 5 
7 8 , 0 
6 J , 0 

P4 
P S I 

1 1 9 , 2 
1 1 8 , 0 
1 1 5 , 5 
1 1 5 , 0 
1 1 3 , 5 
1 1 1 . 2 
1 0 8 . 0 
1 0 6 . 7 
1 0 4 , 0 
1 0 1 . 5 
1 0 0 . 0 

9 8 . 0 
9 4 , 5 
8 6 . 5 
7 9 . 5 
6 5 . 0 

P6fl 
P S I 

12C.0 
1 1 9 . 3 
U d . 2 
1 1 8 . 5 
1 1 8 . 0 
1 1 7 . 5 
1 1 6 . / 
1 1 5 . 5 
1 1 4 , 5 
1 1 4 . 2 
1 1 4 , 5 
1 1 4 . 0 
1 1 2 . 5 
i c a , 6 
1 C 7 , 5 
105.-3 

PSA 
P S I 

120.C 
1 1 9 , 2 
1 1 7 , 2 
1 1 7 , 5 
1 1 7 , 0 
1 1 6 . 5 
1 1 5 . 3 
1 1 4 . 5 
1 1 2 . 7 
1 1 2 . 5 
1 1 2 . 8 
1 1 2 , 1 
1 1 0 , 3 
1 0 6 . 5 
1 0 5 , 3 
10 3 , 0 

DP16A 
P S I 

0 . 6 1 
1 ,13 
1 ,65 
2 . 0 9 
2 , 6 8 
3 . 3 9 
4 , 1 0 
4 . o 7 
5 . 2 1 
6 . 0 2 
6 , 4 8 
7 , 1 7 
7 , 71 
8 , 5 5 
9.'ti 

1 0 , 1 4 

DP6a63 
P S I 

- 0 . 0 C 2 
0 . 
0 . 
O.OCT 
0.OC4 
0 . 
0 . 
0 . 

o.oc^ 
0 .U04 

- U . 0 C 4 

- e c u 
- 0 . 0 1 4 
- 0 . 0 0 4 

0 . 0 0 4 
0 . 0 1 4 

DP648A 
PSI 

0 . 1 3 8 
0 . 2 4 6 
0 . 3 6 8 
0 . 4 6 7 
0 . 5 8 9 
0 . /47 
0 . 8 8 4 
1.C32 
1 .130 
1 . 302 
1 .449 
1.562 
1 .695 
1 .867 
2 . 0 8 8 
2 . 2 6 0 

DP8A8B 
P S I 

- 0 . 0 1 4 
- C . 0 2 2 
- C . 0 3 4 
-C ,0 '»7 
- C . 0 6 5 
- 0 . 0 8 5 
- 0 . 1 0 8 
- 0 . 1 1 9 
- 0 . 1 3 7 
- 0 , 1 6 3 
- 0 . 1 8 6 
- 0 . 2 0 6 
- 0 , 2 1 7 
- 0 . 2 3 8 
- 0 . 2 8 5 
- 0 . 2 9 6 

OP3A3e 
P S I 

0.C14 
C.C29 
C.C34 
C.034 
0 . C 2 5 
G.C22 

e c u 
- e c u 
- C . C 2 2 
- 0 . C 5 4 
- C . C 6 9 
-C.C9C 
- 0 . 1 1 9 
- 0 , 1 4 8 
- 0 , 1 4 1 

0 . 2 2 4 

DP8A4 
P S I 

0 . 9 3 
1.72 
2 . 5 1 
3 . 2 4 
4 . 2 2 
5 , 5 8 
6 , 9 8 
8 , 1 5 
9 , 2 8 

1 1 , 3 2 
1 2 . 7 7 
1 4 . 6 9 
1 6 . 4 1 
2 0 . 3 1 
^ 6 . 3 8 
3 8 . 0 4 

CP344 
P S I 

0 . 0 7 4 
C.03rt 
C . 1 2 3 
0 . 1 4 7 
0 , 1 9 6 
C.270 
C . 2 9 5 
C . 3 9 3 
0 . 4 4 2 
C .540 
0 . 6 3 9 
0 , 7 3 7 
0 . 7 8 6 
1 ,007 
1 .277 
1 .96 5 

D>'8A3A 
P S I 

0 , 9 8 ? 
1 ,769 
2 , 6 0 3 
3 . 3 4 0 
4 , 4 2 1 
3 . 7 9 6 
7 . 2 6 0 
B.49B 
9 , 7 0 1 

1 1 , 8 3 8 
1 3 . 3 1 2 
1 3 . 3 7 5 
1 7 , 1 6 7 
2 1 , 2 2 0 
2 7 , 2 9 6 
4 0 , 0 4 3 

DP44A 
PSI 

0 , 0 0 4 
0 , 0 0 7 
0 , 0 1 1 
0 , 0 1 8 
0 , 0 3 3 
0 . 0 5 4 
0 , 0 6 9 
0 , J 9 4 
0 , 1 0 8 
0 , 1 4 5 
0 . 1 7 3 
0 . 2 2 0 
0 , 2 3 5 
0 . 3 0 3 
0 , 4 5 9 
0 . 4 7 7 

T-t 
K 

3 1 5 , 1 0 
3 1 5 , 1 0 
•^14,64 
5 1 5 , 3 3 
5 1 6 , 0 1 
3 1 6 , u l 
5 1 5 , 3 3 
3 1 3 , 10 
5 1 4 . ^ 2 
5 1 4 , 8 ? 
3 1 4 . 6 4 
5 1 4 . 8 7 
5 1 4 , 19 
5 1 4 , 1 9 
5 1 3 , 7 4 
5 1 1 , 9 2 



MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 2900 
BAROMETRIC PRESSURE ' 29.360 IN HG 
METERING RING CLEARANCE = 0.0130 
EQUIVALENT DIAMETtR ' 0.1428 

RUN NLMBER 3 
TYPE C METERING RING 
ANNULUS CLEARANCE = 0. 080 
ANNULLS AREA ' 0.2592 SQ IN 

DATE RUN JANUARY 10, 1964 
TYPE A SPACER PLATE 
METERING RING AREA RATIO '.474 
METERING RING AREA ' 0.1277 SQ IN 

DP16AV 
PSI 

0.612 
1.130 
1.646 
2.097 
2.681 
3.389 
4.102 
4.666 
5.216 
6.021 
6.480 
7.161 
7.697 
8.543 
9.435 

10.158 

DP68AV 
PSI 

C.131 
0.235 
0.351 
0.439 
0.555 
0.704 
0.830 
0.972 
1.057 
1.219 
1.358 
1.464 
1.593 
1.749 
1.943 
2.104 

DPe3AV 
PSI 

0.997 
1.794 
2.638 
3.381 
4.4o6 
5.849 
7.320 
8.552 
9.759 
11.892 
13.370 
15.432 
17.216 
21.265 
27.368 
40.303 

DP84AV 
PSI 

0.941 
1.731 
2.522 
3.264 
4.248 
5.598 
7.002 
8.175 
9.304 
11.338 
12.790 
14.695 
16.412 
20.287 
26.290 
37.914 

0P34AV 
PSI 

-0.081 
-0.102 
-0.140 
-0.166 
-0.21d 
-0.300 
-0.328 
-0.426 
-0.479 
-0.578 
-0.679 
-0.787 
-0.829 
-1.0/6 
-1.43/ 
-2.349 

C16 

1.668 
1.680 
1.693 
1.701 
1.682 
1.668 
1.677 
1.69H 
1.719 
1.709 
1.682 
1.698 
1.713 
1.727 
1.722 
1.770 

RE1668 

4.894E 
6.623E 
7.958E 
8.963E 
1.017E 
1.149E 
1.262t 
1.338E 
1.404E 
1.515E 
1.587E 
1.663E 
1.713E 
1.777E 
1.872E 
1.915E 

04 
04 
04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

F68 

.0169 

.0165 

.0170 

.0167 

.0163 

.0161 

.0157 

.0162 

.0159 

.0157 

.0160 

.0156 

.0159 

.0157 

.0157 

.0161 

C83 

2.548 
2.549 
2.556 
2.598 
2.602 
2.672 
2.758 
2.850 
2.923 
3.045 
3.125 
3.261 
3.4C0 
3.778 
4.381 
5.981 

RE8384 

4.971E 
6.728E 
8.083E 
9.104E 
1.033E 
1.167E 
1.282E 
1.359E 
1.426E 
1.539E 
1.612E 
1.689E 
1.740E 
1.805E 
1.902E 
1.945E 

04 
04 
04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

C84 

0.571 
0.571 
0.573 
0.583 
0.583 
0.599 
0.618 
0.639 
0.655 
0.683 
0.701 
0.731 
0.762 
0.847 
0.982 
1.341 

C34 

0.218 
0.148 
0.139 
0.129 
0.129 
0.137 
0.122 
0.139 
0.139 
0.141 
0.148 
0.153 
0.148 
0.165 
0.185 
0.243 

FLUW 
LB/SEC 

0.0881 
0.1193 
0.1432 
0.1614 
0.1834 
0.2071 
0.2274 
0.2410 
0.2525 
0.2727 
0.2857 
0.2993 
0.3080 
0.3196 
0.3364 
0.3432 



"ASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 3000 RUN NLMBER 3 OATE RUN JANUARY 21, 1964 

BAROMETRIC PRESSURE = 29.230 IN HG TYPE A METERING RING TYPE A SPACtR PLATE 
METERING RING CLEARANCE ' 0.0280 ANNULLS CLEARANCE = 0.095 METERING RING AREA RATIO =.525 
EQUIVALENT ClAMETtR ' 0.1709 ANNULLS AREA = 0.3115 SS IN MtTERING RING AREA = 0.1634 SO I\ 

P I 
P S I 

120.0 
119.8 
119.9 
120.0 
120.5 
120.0 
114.8 
115.3 
115.5 
115.2 
112.5 
109.5 
109.8 
110.2 
110.0 
109.0 
109.0 

P3A 
PSI 

119.3 
l l B . l 
115.5 
114.4 
113.0 
10J.7 
101.2 
9 9 . 1 
97 .0 
94 ,5 
88 .5 
81 .0 
7o.5 
71.0 
70 .0 
62 .5 
55 .0 

P4 
PSI 

119,5 
118,0 
117.0 
115.2 
114 .1 
U l . O 
103.0 
101.0 
99 ,3 
97 ,0 
91 .0 
85 .0 
81 .0 
78 .5 
75,5 
69 .5 
63 .5 

P6A 
PS i 

120.0 
119 .1 
119.0 
118.2 
118.0 
116,5 
uc .o 
109.5 
109.0 
108.2 
104.0 
100.5 

99 .5 
99 .5 
99 .0 
97 .3 
97 .0 

P8A 
PSI 

119.8 
119.0 
118.5 
117.5 
117.0 
115.3 
1C8.8 
108.5 
107.5 
106.5 
102.2 

98 .5 
•17,5 
97 ,0 
96 .7 
9 4 . 8 
95 .0 

DP16A 
PSI 

0,37 
0 ,79 
1.45 
2 .26 
3. 14 
4 ,15 
5,33 
6 .19 
6 ,?3 
7,59 
8,67 
9.35 

10, ' ,6 
11,08 
11,'»4 
11,89 
12.01 

DP6A6B 
PSI 

0 . 
0.004 
0.005 
0.013 
0.023 
0.023 
0 .029 
0 .040 
0.076 
0 .063 
0 .101 
0 ,094 
0 ,103 
0 .089 
0 .094 
O . l O l 
0 .090 

DP6A8A 
PSI 

0.0 74 
0.138 
0.270 
0.418 
0 .589 
0.776 
0.982 
1,154 
1.302 
1,424 
1.670 
1,H42 
2.014 
2 . 112 
2.210 
2.309 
2.309 

0P8A8B 
PSI 

- 0 . 0 0 5 
- 0 . 0 1 0 
- 0 . 0 1 4 
- 0 . 0 2 2 
- 0 . 0 3 3 
- 0 . 0 4 3 
- 0 . 0 6 1 
- 0 . 0 6 5 
- 0 . 0 7 6 
- 0 . 0 9 0 
- 0 . 0 9 4 
-C.096 
- 0 . 1 2 3 
- 0 . 1 3 4 
- 0 . 1 1 2 
- 0 . 1 4 1 
- 0 . 1 3 5 

DP3A3B 
PSI 

0.C20 
0.038 
0.086 
0.108 
0.148 
0.2 06 
0 .271 
0.293 
0.3O9 
0.329 
0.347 
0.39C 
0.430 
0.468 
0 .471 
0.399 
0.350 

DP8A4 
PSI 

0.35 
0.74 
1.42 
2.28 
3.02 
4 .37 
5.82 
7,07 
8.30 
9.38 

11.32 
13.68 
16.36 
18.74 
20 .68 
25 .59 
31.36 

CP3A4 
PSI 

0.138 
0 .246 
C.393 
0 .663 
0 .933 
1.179 
1.572 
1.916 
2.260 
2.530 
2.898 
3.635 
4 .372 
5.035 
5 .501 
6.680 
8.449 

0P8A3A 
PSI 

0 .481 
0 .958 
1.768 
2.947 
4 , 1 5 1 
5,526 
7.353 
8.964 

10.536 
11.912 
14.318 
17.290 
20.729 
23 ,750 
26.500 
32 .301 
40.043 

DP44A 
PSI 

0.007 
0.005 
0.014 
0.033 
0.040 
0 .061 
0.087 
0.134 
0.155 
0 .181 
0.210 
0.220 
0.238 
0.267 
0.314 
0 .397 
0.246 

TR 
R 

518.72 
517.14 
515. /8 
514.87 
514.42 
512.83 
511.92 
511.23 
510.78 
510.09 
509 .41 
508.95 
50 8.49 
508.04 
507 .81 
507.35 
507.58 



MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT <i RE FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 3000 
BAROMtTRIC PRESSURE = 29.280 IN HG 
METERING RING CLEARANCE = 0.0280 
EQUIVALENT DIAMETER = 0.1709 

RUN NUMBER 3 
TYPE A METERING RING 
ANNULUS CLEARANCE = 0.095 
ANNULLS AREA = 0.3115 SC IN 

DATE RUN JANUARY 21t 196A 
TYPE A SPACER PLATE 
METERING RING AREA RATIO =.525 
METERING RING AREA = 0.1634 SQ IN 

DP16AV 
PSI 

0.368 
0.790 
1.454 
2.272 
3.167 
4.174 
5.383 
6.279 
7.058 
7.714 
8.835 
9.719 

10.647 
11.247 
11.626 
12.077 
12.187 

DP68AV 
PSI 

0.071 
0.131 
0.261 
0.400 
0.561 
0.743 
0.937 
1.102 
1.226 
1.347 
1.573 
1.747 
1.901 
2.001 
2.107 
2.188 
2.196 

0P83AV 
PSI 

0.494 
0.932 
1.818 
3.012 
4.241 
5.651 
7.519 
9.143 
10.729 
12.121 
14.519 
17.533 
21.C05 
24.050 
26.792 
32.571 
40.286 

DP84AV 
PSI 

0.351 
0.745 
1.430 
2.283 
3.024 
4.3/3 
5.814 
7.048 
8.283 
9.352 

11.274 
13.633 
16.316 
18.694 
20.597 
25.468 
31.304 

DP34AV 
PSI 

-0.153 
-0.262 
-0.437 
-0.729 
-1.021 
-1.302 
-1.745 
-2.120 
-2.471 
-2.769 
-3.167 
-3.925 
-4.689 
-5.381 
-5.876 
-7.074 
-8.750 

C16 

1.461 
1.552 
1.555 
1.539 
1.526 
1.568 
1.623 
1.617 
1.623 
1.625 
1.677 
1.673 
1.694 
1.689 
1.704 
1.710 
1.706 

RE1668 

4.809E 
6.854E 
9.327E 
1.175E 
1.397E 
1.586E 
1.73Se 
1.889E 
2.003E 
2.094E 
2.186E 
2.272E 
2.368fc 
2.445E 
2.4746 
2.510E 
2.523E 

04 
04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

F68 

.0160 

.0145 

.0157 

.0152 

.0150 

.0154 

.0154 

.0154 

.0152 

.0152 

.0158 

.0158 

.0158 

.0156 

.0160 

.0159 

.0158 

C83 

1.388 
1.454 
1.510 
1.515 
1.417 
1.583 
1.668 
1.711 
1.783 
1.832 
1.965 
2.129 
2.334 
2.509 
2.687 
3.190 
3.871 

RE8384 

4.887E 
6.966E 
9.479E 
1.194E 
1.420E 
1.611E 
1.767E 
1.920E 
2.036E 
2.128E 
2.222E 
2.3096 
2.407E 
2.484E 
2.514E 
2.550E 
2.564E 

04 
04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

C84 

0.382 
0.400 
0.416 
0.417 
0.390 
0.436 
0.459 
0.471 
0.491 
0.504 
0.541 
0.586 
0.643 
0.691 
0.740 
0.878 
1.066 

C34 

0.602 
0.507 
0.455 
0.473 
0.463 
0.451 
0.470 
0.476 
0.485 
0.488 
0.483 
0.517 
0.545 
0.566 
0.581 
0.622 
0.683 

FLOW 
LB/SEC 

0.0874 
0.1243 
0.1688 
0.2124 
0.2523 
0.2857 
0.3130 
0.3396 
0.3598 
0.3758 
0.3919 
0.4070 
0.4239 
0.4373 
0.4424 
0.4485 
0.4510 



MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 3100 
BAROMETRIC PRESSURE = 29.295 IN HG 
METERING KING CLEARANCE = 0.0630 
EQUIVALENT DIAMETER = 0.2355 

RUN NLHBER 2 
TYPfc A WETERIMG RING 
ANNULUS CLEARANCE = C.130 
ANNULLS AREA = 0.4334 SC IN 

DATE RUN OECEMBtR 4, 1963 
TYPE A SPACER PLATE 
METERING RI'JG AREA RAflQ =.656 
^«ETtRI^G RING ARtA = 0.2854 SC 1' 

P I 
PSI 

1 1 0 . 0 
1 1 0 . 0 
1 1 0 . 0 
1 1 0 . 0 
1 1 0 . 0 
1 1 0 . 0 
1 1 0 . 0 
1 1 0 . 0 
1 1 0 . 0 
1 1 0 . 0 
1 0 0 . 0 
lOC.O 
1 0 0 . 0 
1 0 0 . 0 
1 0 0 . 0 
l O U . O 
1 0 0 . 0 

9 7 . 0 

PJA 
PSI 

1 0 9 . 5 
lO 'J .O 
1 0 7 . 5 
1 0 6 . 5 
1 0 6 . 0 
1 0 ^ . 0 
1 0 4 . 0 
1 0 3 . 0 
1 0 , ; . 0 
101 -. 0 

8-^.5 
8 , ' . 0 
8 0 . 5 
8 4 . 0 
8 ? . 3 
8 2 . 0 
Bu .O 
7 J . 0 

P4 
PSI 

1 0 9 . 5 
1 0 8 . 5 
1 0 7 . 8 
1 0 7 . 0 
1 0 6 . b 
1 0 5 . 5 
1 0 5 . 0 
1 0 3 . 5 
1 0 3 . 0 
1 0 2 . 5 

9 0 . 3 
8 9 . 0 
8 8 . 0 
8 6 . 5 
8 5 . 3 
8 5 . 0 
8 2 . 9 
7 6 . 0 

P6A 
PSI 

1 1 0 . 0 
1 0 9 . 0 
1 0 9 . U 
i c a . 5 
1 C 8 . 0 
I C 7 . 5 
1U7.C 
1 0 6 . 5 
1 0 6 . 5 
1 0 5 . D 

9 5 . U 
9 4 . 0 
9 3 . 0 
9 2 . ) 
9 2 . J 
9 2 . 0 
9 1 . U 
8 6 . 5 

P8A 
PSI 

1 1 0 . 0 
1 0 9 . 0 
1 0 8 . 8 
1 0 8 . 2 
1 0 7 . 5 
1 0 7 . 1 
1 0 6 . 7 
1 0 6 . 0 
1 0 6 . 0 
1 0 5 . 0 

•J4 .0 
9 3 . 0 
9 2 . 0 
9 1 . 5 
9 0 . 5 
9 0 . 5 
8 9 . I 
8 4 . 5 

DP16A 
PSI 

0 . 6 4 
1 . 0 5 
1 .42 
1 . 8 7 
2 . 3 6 
2 . 9 0 
3 . 4 4 
3 . 9 3 
4 . 4 0 
4 . 8 6 
6 . U 2 
6 . 6 3 
7 . 1 2 
7 . 8 1 
8 . 3 7 
8 . 7 2 
9 . 5 5 

1 1 . 0 8 

0P6A6B 
PSI 

- 0 . 0 0 7 
- 0 . 0 0 7 
- 0 . 0 1 3 
- 0 . 0 2 0 
- 0 . 0 2 9 
- 0 . 0 4 3 
- 0 . 0 9 6 
- 0 . I 10 
- 0 . 1 2 6 
- 0 . 1 2 5 
- U . 0 9 0 
- 0 . 0 8 7 
- O . l O l 
- 0 . 1 4 b 
- 0 . 0 8 7 
- U . 0 8 7 
- 0 . J 7 2 
- o . i o a 

DP6A8A 
PSI 

0 . 0 9 8 
0 . 1 4 7 
0 . 1 9 6 
0 . 2 4 6 
0 . 2 9 5 
0 . 3 6 8 
0 . 3 9 3 
0 . 4 4 2 
0 . 5 1 6 
0 . 6 3 9 
0 . 9 3 3 
1 . 0 5 6 
1 . 0 0 7 
0 . 7 6 1 
1 . 2 7 7 
1 . 3 7 5 
1 . 6 7 0 
1 . 9 4 0 

DP8A88 
PS I 

- 0 . 0 1 1 
- 0 . 0 1 1 

0 . 0 1 4 
0 . 0 1 6 
0 . 0 2 2 
0 . 0 2 3 
C . 0 3 6 
0 . 0 9 0 

- 0 . 0 1 4 
- 0 . 0 5 8 
- 0 . 0 8 7 
- 0 . 0 8 3 
- 0 . 0 8 3 
- 0 . 1 0 5 
- 0 . 1 1 6 
- 0 . 0 7 9 
- 0 . 1 0 5 
- 0 . 0 9 0 

DP3A3B 
PSI 

C.C16 
0 . 0 2 2 
0 . 0 2 2 
0 . 0 2 5 
0 . 0 3 4 
0 . C 3 6 
0 . C 4 5 
0 . 0 4 9 
0 . 0 5 4 
0 . C 4 7 
C.C93 
0 . 0 9 4 
0 . C 8 1 
0 . lOG 
0 . 0 6 5 
O.C60 
O.C9.!i 
0 . 1 3 C 

QP8A4 
PSI 

0 . 3 9 
0 . 5 9 
0 . 8 4 
1 .06 
1 .33 
1 .62 
1 . 9 9 
2 . 2 6 
2 . 5 3 
2 . 8 0 
3 . 6 3 
4 . 1 0 
4 . 4 7 
5 . 0 3 
5 . 4 3 
5 . 7 5 
6 . 5 1 
8 . 1 0 

CP3A4 
PSI 

C . 1 9 6 
0 . 2 9 5 
0 . 4 6 7 
0 . 5 6 T 
0 . 6 8 8 
0 . 8 1 0 
0 . 9 8 2 
1 . 1 0 5 
1 . 2 5 3 
1 .37D 
1 . 7 9 3 
2 , 0 3 S 
2 . 1 3 7 
2 . 4 3 1 
2 . 6 2 3 
2 . 7 2 6 
2 . 9 2 3 
3 . 5 1 2 

DP8A3A 
PSI 

0 . 5 4 0 
0 . 8 7 4 
1 . 3 2 6 
1 . 6 4 6 
2 . 0 3 8 
2 . 4 5 6 
2 . J62 
J . 3 4 0 
3 . 7 5 8 
4 . 126 
5 . 4 0 3 
O . 1 4 0 
0 . 5 8 2 
7 . 4 4 2 
7 . 9 8 2 
8 . 4 4 9 
9 . 3 3 3 

1 1 . 6 1 7 

CP44A 
PSI 

0 . 0 0 5 
0 . 0 0 7 
O . O l l 
0 . 0 1 4 
0 . 0 1 8 
0 . 0 1 8 
0 . 0 2 9 
0 . 0 5 1 
O . O b l 
0 . 0 5 3 
0 . 0 8 3 
0 . 0 7 2 
0 . 0 6 5 
0 . 0 5 1 
0 . 0 7 2 
0 . 0 7 2 
0 . 0 5 1 
0 . 0 2 9 

TR 
R 

5 2 6 . 1 5 
5 2 3 . 4 7 
5 2 5 . 4 7 
5 2 5 . 0 2 
5 2 5 . 0 ? 
5 2 4 . 3 5 
5 2 4 . 3 ^ 
5 2 4 . 3 5 
5 2 4 . b 7 
5 2 4 . b 7 
5 2 4 . 3 5 
5 2 4 . 12 
5 2 3 . 6 7 
5 2 3 . 6 7 
5 2 3 . 9 0 
5 2 3 . 9 0 
5 2 3 . 9 0 
5 2 3 . 6 7 

> 
1-5 

g 
H 
X 
tD 

0 
0 

K' 

a-
"̂̂  



MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 3100 
BAROMETRIC PRESSURE = 29.295 IN HG 
METERING RING CLEARANCE = 0.0630 
EQUIVALENT DIAMETER = 0.2355 

RUN NUMBER 2 
TYPE A METERING RING 
ANNULUS CLEARANCE = 0. 130 
ANNULLS AREA = 0.4334 SC IN 

DATE RUN DECEMBER 4, 19b3 
TYPE A SPACER PLATE 
METERING RING AREA RATIO =.658 
MtTERING RING AREA = 0.2854 SQ IN 

DP16AV 
PSI 

DP68AV 
PSI 

DPe3AV 
PSI 

0P84AV 
PSI 

DP34AV 
PSI 

C16 RE1668 F68 C83 RE8384 C34 C34 FLuW 
L8/SfcC 

.631 

.039 
,412 
.847 
.329 
.879 

3.372 
3 .853 
4 .306 
4 .779 
5 .975 
6 .593 
7.079 
7 .731 
8 .353 
8 .697 
9 .547 

11.040 

0.096 
0.146 

.210 
.264 
.320 
.402 
.459 
.542 

C.572 
0 .672 
0.935 
1.058 
1.016 
0 .781 
1.263 
1 .3 /9 
1.654 
1.949 

.554 

.891 
,330 
,650 
.045 
.462 
,966 
.319 
.792 
.178 

5.488 
6.229 
6.664 
7.544 
8.072 
8.518 
9.432 
11.727 

0.407 
0.606 
0.846 
1.074 
1.349 
1.649 
2 .021 
2.277 
2 .606 
2 .899 
J.761 
4 .218 
4 .592 
5.157 
5.582 
5.888 
6 .684 
8.244 

- 0 . 1 9 6 
- 0 . 2 9 5 
- 0 . 4 5 9 
- 0 . 5 5 1 
- 0 . 6 7 1 
- 0 . 7 8 9 
- 0 . 9 5 6 
- 1 . 0 o 7 
- 1 . 2 1 1 
- 1 . 3 2 9 
- 1 . 7 5 1 
- 2 . 0 1 1 
- 2 . 0 9 7 
- 2 . 4 1 2 
- 2 . 5 6 4 
- 2 . 6 5 5 
- 2 . 8 4 / 
- 3 . 4 8 3 

1 . 3 7 5 
1 . 3 5 9 
1 . 3 5 8 
1 . 3 7 8 
1 . 3 6 9 
1 . 4 0 9 
1 . 3 8 8 
1 . 4 1 5 
1 . 4 1 0 
1 . 4 3 2 
1 . 4 7 8 
1 . 4 8 1 
1 . 5 2 2 
1 . 5 2 3 
1 . 5 8 1 
1 . 5 9 5 
1 . 6 7 9 
1 . 7 2 5 

8.451E 04 
1.092E 05 
1.274E 05 
1.4486 05 
1.632E 05 
1.791E 05 
1.952E 05 
2.068E 05 
2.188E 05 
2.2886 05 
2.4166 05 
2.5366 05 
2.596E 05 
2.7116 05 
2.7656 05 
2.809E 05 
2.868E 05 
3.005E 05 

.0164 

.0148 

.0157 

.0152 

.0145 

.0151 

.0144 

.0151 

.0142 

.0152 

.0172 

.0176 

.0161 

.0113 

.0174 

.0183 

.0209 

.0215 

0.881 
0.785 
0.803 
0.788 
0.776 
0.786 
0.807 
0.806 
0.820 
0.830 
0.874 
0.884 
0.917 
0.941 
0.968 
0.985 
1.061 
1.138 

a.586E 04 
1.1106 05 
1.294E 05 
1.471E 05 
1.6586 05 
1.8206 05 
1.9846 05 
2.1016 05 
2.2236 05 
2.3246 05 
2.4556 05 
2.5776 05 
2.6386 05 
2.755E 05 
2.8106 05 
2.854E 05 
2.9146 05 
3.0536 05 

0.382 
0.340 
0 .348 
0.342 
0.336 
0 .341 
0.350 
0.350 
0 .356 
0.360 
0.379 
0 .383 
0.398 
0.408 
0.420 
0 .427 
0 .460 
0 .493 

0.423 
0.379 
0 .431 
0.399 
0.379 
0.368 
0.372 
0.367 
0.369 
0 .367 
0.386 
0 .397 
0.393 
0.409 
0.410 
0.408 
0 .411 
0.424 

0.1568 
0.2025 
0.2362 
0.2683 
0.3023 
0.3315 
0.3614 
0.3827 
n.4051 
".4236 
0.4472 
0.4693 
0.4800 
0.5013 
0.5115 
0.5196 
0.5305 
0.5556 



î ASS FLOW VS PRESSURt OftCP AND LOSS COEFFICIENT vS RE FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 3200 
BAROMETRIC PRESSURE = 29.362 I\ HG 

RUN NUMBER 1 
TYPE A "cTERING RING 

DATE RUN DECEiV'dER 4, 19o3 
TYPE A SPACER PLATt 

METERING KING CLEARANCE 
EQUIVALENT CIANETcR = 0 

PI 
PSI 

120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
120-0 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 

P3A 
PJI 

111.5 
109.5 
10/.6 
104.0 
102.0 
9^.5 
9/.0 
93.8 
91.0 
8/.5 
S-i.O 
78.5 
7i.O 
61.0 
51.0 

P4 
PSI 

111.5 
109.0 
106.5 
104.0 
101.0 
99.0 
96.5 
93.2 
90.5 
8/.0 
83.0 
78.0 
72.5 
60.5 
50.0 

P6A 
PSI 

119.8 
119.5 
119.3 
118.5 
118.5 
118.0 
118.0 
t la.o 
117.o 
117.5 
117.0 
L17.G 
116.2 
llb.O 
116.0 

= 0. 
.1145 

PSA 
PSI 

119.5 
119.C 
lis.8 
118,0 
118.0 
117,5 
117,5 
117,0 
117.0 
116.8 
116.3 
116.0 
115.3 
115.0 
115.0 

UP16A 
PSI 

1.05 
1.28 
1.55 
1.77 
2.04 
2.28 
2.53 
2, 73 
2.95 
3.29 
3.61 
3.98 
4.32 
4.67 
4.0/ 

ANNULLS CLEARANCE = 0, 
ANNULLS AREA 

CP6A6b 
PSI 

0.051 
0.061 
0-075 
0-094 
0.105 
O.Uo 
U.130 
0.137 
0.166 
0. 173 
U.2C6 
0.240 
0.257 
0.249 
0.251 

CP6A8A 
PSI 

0.246 
0.295 
0,368 
0.418 
0.491 
0.516 
0.580 
0.639 
0.588 
0. 737 
0.835 
0,933 
0.997 
1,081 
1.095 

= 0.2070 

UP8A8B 
PSI 

0.042 
C.049 
0.060 
0.074 
0.089 
0.094 
0.107 
0.117 
0.137 
0.145 
0.179 
0.211 
0.208 
0.188 
0.184 

.065 
SC IN 

DP3A3e 
PSI 

-C.CO/ 
-0.007 
-0.007 
-0.014 
-0.C14 
-0.C14 
-0.014 
-0.014 
-0.016 
-0.C14 
-0.C16 
-0.C20 
-0.C15 
-C.C04 
-C.G31 

METtRING RI.NG 
METERING RING 

0P8A4 
PSI 

8.01 
10.12 
12.30 
14.05 
16.68 
18.86 
21.32 
23.77 
26.13 
29.62 
33.40 
37.85 
42.85 
54.56 
65.07 

DP3A4 
PSI 

c.oaa 
C.098 
0.147 
C.147 
C.162 
0.196 
0.196 
0.246 
0.270 
0.295 
0.319 
C.363 
0.418 
0.540 
0.639 

AREA RATIO =, 
ARtA = 

DPaA3A 
PSI 

7.957 
10.011 
12.182 
13,926 
16,504 
18.680 
21.097 
23.455 
26.029 
29.3 30 
33.338 
3/.538 
42.346 
54.061 
64.067 

0.0659 

DP44A 
PSI 

0.022 
0.023 
0.025 
0,036 
0.043 
0,040 
0.043 
0.043 
0.047 
0,103 
0.087 
0,093 
0.119 
0,043 
0.025 

313 
SC 1 , 

T^ 
R 

525.70 
525,25 
524,30 
5^6.82 
525.70 
525.U3 
523.90 
523,63 
523.63 
523.45 
523.00 
5^3,uO 
52 3.U0 
523.00 
523.23 



MASS FLOW VS PRESSURE ORUP AND LOSS COEFFICIENT VS RE FOR R6V- 5 

TEST CONDITIONS 

TEST NUMBER 3200 
BAROMETRIC PRESSURE = 29.362 IN HG 
MET6RING RING CL6ttRANCe = 0. 

RUN NL«8ER 1 
TYPE A METERING RING 
ANNULUS CLEARANCE = 0, 065 

DATE RUN DECEMBER 4, 1963 
TYPE A SPACER PLATE 
METERING RING AREA RATIO =.318 

EQUIVALENT DIAMETER 

DP16AV 
PSI 

1.097 
1.339 
1.622 
1.862 
2.143 
2.400 
2.660 
2.863 
3.113 
3.464 
3.841 
4.219 
4.579 
4.916 
4.918 

CP68AV 
PSI 

0.241 
0.288 
0.361 
0.408 
0.483 
0.505 
0.568 
0.629 
0.6/3 
0.722 
0.821 
0.919 
0.973 
1.050 
1.062 

DP83AV 
PSI 

7.933 
9.933 

12.148 
13.882 
16.453 
18.626 
21.Ci7 
23.389 
25.952 
29.250 
33.240 
37.422 
42.235 
53.966 
63.960 

= 0.1145 

DP84AV 
PSI 

8-006 
10.120 
12.305 
14.043 
16.671 
18.856 
21.307 
23.759 
26.113 
29.618 
33.381 
37.815 
42.827 
54.529 
65.005 

DP34AV 
PSI 

0.113 
0.128 
0.182 
0.186 
0.207 
0.245 
0.245 
0-296 
0.327 
0.373 
0.396 
0.452 
0.508 
0.607 
0.682 

ANNULLS AREA = 

C16 

1.904 
1.882 
1.911 
1.921 
1.891 
1.911 
1.907 
1.885 
1.894 
1.892 
1.914 
1.916 
1.936 
1.954 
1.893 

RE1668 

4.788E 
5.3276 
5.827E 
6.195E 
6.717E 
7.082E 
7.484E 
7.3166 
8.129E 
8.584E 
8.9g7E 
9.423E 
9.769E 
1.007E 
1.C23E 

04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
05 
05 

0.2070 

F68 

.0158 

.0153 

.0160 

.0158 

.0160 

.0151 

.0152 

.0154 

.0153 

.0147 

.0152 

.0154 

.0152 

.0153 

.0150 

SC IN 

C83 

3.762 
4.058 
4.277 
4.241 
4.420 
4.690 
4.910 
5.230 
5.439 
5.674 
6.057 
6.520 
7.355 
0.711 
3.913 

METERING 

R68384 

9.5676 
1.0646 
1.1646 
1.2386 
1.342E 
1.415E 
1.4956 
1.5626 
1.6246 
1.715E 
1.7986 
1.8836 
1.952E 
2.0136 
2.044E 

04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

RING AReA = 0.0659 SO 

C84 

1.395 
1.425 
1.447 
1.444 
1.462 
1.489 
1.511 
1.544 
1.565 
1.589 
1.628 
1.675 
1./59 
2.099 
2-424 

C34 

0-182 
0.164 
0.191 
0.168 
0.157 
0.164 
0.144 
0.156 
0.155 
0.153 
0.142 
0.140 
0.138 
0.134 
0.126 

FLOW 
L8/SfcC 

0.0872 
0.0970 
0.1060 
0.1131 
0.1224 
0.1289 
0.1360 
0.1420 
0.1477 
0.1559 
0.1633 
0.1710 
0.1773 
0.1828 
0.1857 



MASS FLOk< VS PRESSURE DROP AND LOSS C Q E F F l C I t M VS RE FOR REV- 5 

TtST CCNDIIIONS 

TEST NLMBER 3300 
BAROMETRIC PRtSSUKt = 29.475 
McTERlNG RING CLEARANCE = 0. 
E U U I V A L E N T DIA"ETtK = 0.1276 

RUN NL^BER i 
IN H.J TYPE C METERING RING 

ANNULUS CLEARANCE = C. 
ANNULLS AREA = 0.2265 

065 
SC I . \ 

DATE RUN DECEMHCR 5 , 1563 
TYPE 6 SPACER PLATE 
"fcTERING RING AREA i<ATI(J = . 2 3 6 
METERING R I viC ARtA = 0 . 0 6 4 7 SJ i~ 

P I 
P S I 

120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 

PiA 
Pil 

116.0 
112.5 
109.5 
lOo.O 
103.5 
100.0 
9o.O 
93.0 
93.5 
8-j.O 
80.0 
74.5 
66.0 
62,0 
39.5 

P4 
PSI 

115. 
112, 
103, 
105. 
102. 
99, 

5 
0 
5 
5 
5 
0 

94.5 
91.5 
89.0 
84.0 
79.5 
71,0 
63.0 
59.0 
39.0 

P6A 
PSI 

1 2 0 . 0 
12C.0 
1 1 9 . 5 
119 . : ) 
1 1 9 . 5 
1 19 . -J 
1 1 9 . 0 
1 1 8 . 5 
1 1 8 , 0 
1 1 7 . 9 
1 1 7 . 5 
1 1 7 . 0 
1 1 7 . 0 
1 1 6 . 5 
1 1 6 . 5 

P8A 
PSI 

119.7 
120.0 
119.0 
U9.0 
119.0 
118.5 
118.0 
117,5 
117.3 
117.0 
116.2 
115.8 
115.5 
115.0 
115.0 

0P16A 
PSI 

49 
74 

I. 0 1 
1.^0 

'JU 
74 
C6 
21 
46 
78 
(J5 
63 
00 

4. 18 
4.32 

DP6A66 
PSI 

0. 
0. 
0. 
0. 
0. 
0. 

-O.U04 
-0.0C4 
-O.Oll 
-O.G02 
0.023 
0. 
0. 
0.007 
0. 

DP6A8A 
PSI 

0.123 
0.196 
0.295 
0.344 
0.393 
0.442 
0.516 
0.589 
0.639 
0.712 
0.835 
0.932 
1.130 
1.228 
1.375 

DP8A88 
PSI 

0. 
0. 
0. 
C.004 
0.004 
0.004 
0. 
0. 
0.004 
0.007 
0.014 
0.033 
0.037 
0.123 
0.014 

DP3A3B 
PSI 

0.C52 
C.Q79 
0.C9C 
0.121 
0-125 
0.121 
0.107 
0. 114 
C.043 
C.C74 
C.C34 

-C. 155 
0,155 
1.120 

-0.C9C 

0P8A4 
PSI 

4.62 
7.96 

10.56 
13.41 
16.63 
19.55 
23.70 
26,21 
28,88 
33,57 
36.74 
44.85 
52.56 
56.06 
76.08 

CP3A4 
PSI 

0.098 
0.418 
0.589 
0.761 
0.932 
1.105 
1. 154 
1,332 
1.403 
1 ,842 
2.603 
3,266 
3,483 
2.677 
0.295 

DP8A3A 
PSI 

4.372 
7.368 
9,922 
12.643 
15.620 
18.420 
22.472 
24.526 
26.829 
31.034 
36.241 
41.344 
49,547 
53,055 
75,581 

DP44A 
PSI 

Oil 
Oil 
013 
036 
0 40 
061 
079 
083 

0.098 
O.lOl 
0, 105 
O.lOl 
0.264 
0.303 
0.289 

TK 
R 

525.25 
524.30 
524.53 
523.63 
523.23 
522.73 
522.33 
522,33 
5 2 1 , 
5 2 1 , 
5 2 1 , 
5 2 1 , 
5 2 2 , 
5 2 2 , 
5 2 1 , 

. 8 3 

. o 5 
, o 5 
. 4 2 
. 3 2 
. 1 3 
. 3 7 

td 

§ 



MASS FLOW VS PRESSURt DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 3300 
BAROMETRIC PR6SSURE = 29.475 IN HG 
METERING RING CLEARANCE = 0. 
EQUIVALENT DIAMETER = 0-1276 

RUN NUMBER 1 
TYPE D METERING RING 
ANNULLS CLEARANCE = 0.065 
ANNULLS AREA = 0-2265 SC IN 

DATE RUN DECEMBER 5, 1963 
TYPE B SPACER PLATE 
METERING RING AREA RATIO =.286 
METERING RING AREA = 0.0647 SO 

DP16AV 
PSI 

0-491 
0.737 
1.007 
1.203 
1.498 
1.744 
2.059 
2.207 
2.445 
2.773 
3.069 
3.635 
4.003 
4.182 
4.323 

0P68AV 
PSI 

0-123 
0-196 
0.295 
0.346 
0.395 
0-444 
0-518 
0-591 
C.646 
0.717 
0.831 
0.999 
1.173 
1-286 
1.383 

DP83AV 
PSI 

4.398 
7.408 
9.967 
12.707 
15.681 
18.479 
22.526 
24.583 
26.849 
31.067 
36.251 
41.250 
49.582 
53.553 
75.529 

DP84AV 
PSI 

4.624 
7.966 

10.5/5 
13.439 
16.657 
19.596 
23.759 
26.269 
28.957 
33.651 
36.813 
44.900 
52-715 
56.233 
76.316 

0P34AV 
PSI 

0.079 
0.387 
0.559 
0.732 
0.951 
1.093 
1.160 
1.309 
1.455 
1.886 
2.669 
3.414 
3.610 
2.351 
0.581 

C16 

1.887 
1.690 
1.767 
1.684 
1. 740 
1.756 
1.741 
1.718 
1.771 
1.804 
1.831 
1.994 
2.024 
2.055 
1.990 

RE1668 

3.593E 
4.656E 
5.326E 
5.977E 
6.569E 
7.06CE 
7.716E 
8.041E 
8.344E 
8.810t 
9.200E 
9.600E 
9.9756 
1.013E 
1.047E 

04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
05 
05 

F68 

.0200 

.0191 

.0218 

.0204 

.0193 

.0188 
-0183 
.0193 
.0195 
.0194 
.0206 
.0227 
.0245 
.0260 
.0262 

C83 

7.685 
8.143 
8.376 
8.590 
9.068 
0.418 
9.69/ 
0.021 
0.494 
1.322 
1.322 
3.778 
5.632 
6-509 
3-650 

RE8384 

7-137E 
9.248t 
1.0586 
1.18/E 
1.305E 
1.4026 
1.5336 
1.5976 
1.6576 
1.750E 
1.827E 
1.907E 
1.981E 
2.011E 
2.079E 

04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

C34 

1.446 
1.483 
1.502 
1.520 
1.559 
1.587 
1.610 
1.637 
1.675 
1.74 3 
1.743 
1.944 
2.095 
2.167 
2.751 

C34 

0.291 
0.832 
0.898 
0.916 
0.960 
0.932 
0.797 
0.811 
0.819 
0.911 
1.117 
1.234 
1.082 
0.648 
0.106 

FLOW 
LB/SEC 

0.064? 
0.0831 
0.0951 
0.1066 
0.1170 
".1257 
0.1373 
0.1431 
0.1484 
0.1566 
0.1635 
0.1706 
0.1775 
0.1801 
0.1861 

> 

3 g 
ri 
IN 
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"ASS FLOW VS PRESSURt DRLP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CCNDITIONS 

TEST ('DUMBER 3400 
BAROMETRIC PRESSURE = 29.410 IN Ho 
MtTERING RING CLEARANCE = 0.0270 
EQUIVALENT DIAMETER = 0.1850 

RUN NL«8ER 1 
TYPt C METERING RING 
ANNULLS CLEARANCE = 0.095 
ANNULLS AREA = 0.3310 SQ IN 

DATE RUN DECtMBtR 6, 1963 
TYPE 6 SPACER PLATE 
METERING RING AREA RATIO =.430 
METERING RING AREA = 0.1538 SQ 1. 

P I 
PSI 

120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
119.5 
120.5 
120.0 
120.0 
110.5 
110.0 
110.0 
111.0 
107.5 

P3A 
PSI 

1 U . 8 
11 J.5 
11-5.0 
117.5 
116.0 
11;>.5 
115.5 
111.0 
109.5 
106.0 

90 .0 
Bo.O 
8^ .0 
79 .5 
6n.O 

P4 
PSI 

120.0 
119.5 
118.0 
117.0 
115.9 
115.0 
115.0 
111.0 
109,0 
105,5 
89 ,5 
85.5 
81 .0 
78.5 
65 ,0 

P6A 
PSI 

120,J 
120,0 
119.8 
119.d 
119.5 
119.0 
117,8 
118.U 
117.0 
116.5 
105.0 
IG4.0 
103.0 
103,0 

99 .0 

P8A 
PSI 

120.0 
UO.O 
119.8 
119.5 
119,0 
118.5 
117.2 
117.5 
116.5 
115.0 
103.5 
102,0 
101.0 
l O l . O 
96 .5 

DP16A 
PSI 

0.32 
0,52 
0 .83 
1.13 
1.40 
1.69 
2 .11 
3.22 
3.68 
4 .52 
6 , 19 
6,88 
7 ,71 
3,55 
9 , 73 

DP6A6B 
PSI 

0.0C2 
0.005 
0 .005 
0 .011 
0 .013 
0 .007 
0 . 

- 0 . 0 1 4 
0 .036 
0 . 
0.069 
0 .014 
0 .036 
0 .014 
0 .072 

DP6A8A 
PSI 

0.039 
0.098 
0.147 
0.196 
0.295 
0.319 
0.193 
0.565 
0.688 
0.982 
1.523 
1.695 
1.842 
1.842 
2.C88 

DP8A88 
PSI 

0 . 
0 . 
0 . 
0 . 
0.007 
0.007 
0 .009 
0 . 

- 0 . 0 3 6 
0 . 

- 0 , 0 3 6 
0.022 
0 . 
0 . 
0.022 

0P3A38 
PSI 

0.C05 
0.004 
0 . 
0.016 
0 . 
C.023 

-C.C14 
- 0 . 0 2 2 
-0 .C25 
- 0 . 0 8 / 
- 0 . 3 0 0 
- 0 . 0 0 9 
- 0 . 4 0 5 
- 0 . 2 3 8 
-C .258 

DP8A4 
PSI 

0.59 
1.11 
1.74 
2 .38 
3.05 
3.63 
4 .32 
6 . 6 1 
7.32 
9 .36 

13.95 
16.50 
19.80 
24 .76 
31.14 

CP3A4 
PSI 

0.025 
0.025 
0.039 
0 .123 
0 . 1 4 / 
0 .196 
0 .196 
C.246 
0 .246 
0 .319 
0.295 
0 .589 
0 .589 
1.105 
0 .786 

DPaA3A 
PSI 

0.565 
1.081 
1.719 
2 .210 
2.898 
3.438 
4 .077 
6 .361 
6 .975 
8 .989 

13.483 
15.905 
19.206 
23 .627 
30.533 

DP44A 
PSI 

0.043 
0.083 
0.132 
0 .051 
0 .244 
0 .289 
0.350 
0.477 
0.517 
0 .650 
0.903 
1.084 
1,275 
1,333 
1.843 

J< 
R 

526. 15 
526,15 
525.92 
525.25 
524.83 
5 2 4 . 5 / 
524.12 
523.07 
523.67 
523.23 
522.55 
522.55 
521.65 
522.55 
522.32 

> 

g 
g 
M 
><! 
Cd 

o 
3-
H' 

o. 



MASS FLO» VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 3400 
BAROMETRIC PRESSURE = 29.410 IN H3 
METERING RING CLEARANCE = 0.0270 
EQUIVALENT DIAMETER = 0.1d50 

RUN NL«OER 1 
TYPE C METERING RING 
ANNULUS CLEARANCE = 0.095 
ANNULUS AREA = 0.3310 SC IN 

DATE RUN DECEMBER 6, 1963 
TYPE B SPACER PLATE 
MtTERING RING ARtA RATIO =.430 
METERING RING AREA = 0.1588 SC l^ 

DP16AV 
PSI 

0.321 
0.521 
0.831 
1.141 
1.413 
1.702 
2.112 
3.203 
3.720 
4.546 
6.288 
6.927 
7.787 
8.607 
9.846 

CP68AV 
PSI 

0.018 
0.096 
0.145 
0-191 
0-292 
C-319 
0-397 
0.572 
0.652 
0.982 
1.470 
1.698 
1.824 
1.835 
2.062 

0Pe3AV 
PSI 

0.568 
1.082 
1.719 
2.219 
2.894 
3.447 
4.065 
6.350 
6.980 
8.946 

13.352 
15.8)0 
19.0O4 
23.5o7 
30.393 

DP84AV 
PSI 

0,617 
1.158 
1.830 
2.426 
3.201 
3.819 
4.538 
6.900 
7.666 
9.760 

14.534 
17.160 
20.608 
25.610 
32.263 

0P34AV 
PSI 

0.050 
0.0/6 
0.126 
0.159 
0.30/ 
0.373 
0.424 
0.550 
0.58/ 
0.765 
1.011 
1.280 
1.605 
2.078 
2.04/ 

C16 

1.771 
1.524 
1.555 
1.621 
1.548 
1.57/ 
1.661 
1./06 
1.789 
1.824 
1.907 
1.887 
1.897 
1.935 
1.961 

RE1668 

4.337E 
5.955E 
7.448E 
8.563t 
9. /59E 
1.0626 
1.152E 
1.4076 
1.47/t 
1.6196 
1./99E 
1.894E 
2.00/E 
2.093E 
2.194E 

04 
04 
04 
04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

F68 

.0130 

.01/2 

.0166 

.0166 

.0195 

.0180 

.0190 

.0183 

.0188 

.0235 

.0261 

.0269 

.0257 

.0237 

.0233 

C83 

3.394 
3.372 
3.4C2 
3.413 
3.465 
3.485 
3.5C2 
3.573 
3.567 
3.755 
4.134 
4.356 
4.634 
5.279 
5.8C0 

RE8384 

4.375E 
6.008E 
/.514E 
8.638E 
9.845E 
1.072E 
1.162E 
1.4196 
1.490E 
1.6346 
1.8156 
1.9116 
2.0256 
2.1126 
2.213t 

04 
04 
04 
04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

C84 

0.781 
0.776 
0.783 
0. /86 
0./98 
0.802 
0.806 
0.823 
0.821 
0.865 
0.952 
1.003 
1.06/ 
1.216 
1.335 

C34 

0.2/1 
0.219 
0.231 
0.219 
0.325 
0.331 
0.317 
0.271 
0.259 
0.2 74 
0.255 
0.280 
0.301 
0.341 
0.266 

FLOW 
LB/SEC 

0.0783 
0.1075 
0.1343 
0.1543 
0.1757 
0.1912 
0.20/2 
0.2529 
0.2656 
0.2909 
0.3228 
0.3399 
0.3598 
0.3/5/ 
0.3936 



MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 3400 
BAROMtTRIC PRESSURE = 29.000 IN HG 
METERING KING CLEARANCE = 0.02/0 
EQUIVALENT CIAMETcR = 0.1850 

RUN NLMBER 2 
TYPE C METERING RING 
ANNULLS CLEARANCE = 0.095 
ANNULLS AKeA = 0.3310 SC IN 

0AT6 RUN DECEMBER 26, 1963 
TYPE B SPACER PLATE 
METERING RING AREA RATIO =.430 
METERING RING AKEA = 0.1588 SC I\ 

PI 
PSI 

PjA 
Pnl 

P4 
PSI 

P6A 
PSI 

P8A 
PSI 

DP16A 
PSI 

DP6A6B 
PSI 

DP6A8A 
PSI 

OPaABB 
PSI 

0P3A3B 
PSI 

DP8A4 
PSI 

0P3A4 
PSI 

0P8A3A 
PSI 

0P44A 
PSI 

TR 
R 

119.6 118.5 
120.1 119.3 
106.8 78.0 
102.0 66.8 

118.5 119.8 119.8 0.49 0.004 0.098 -0.002 -O.Cl'i 0.93 0. 
119.0 117.5 117.0 3.64 0.042 0.663 0.009 -0.C09 7.69 0.285 
78.0 99.5 98.3 /./9 0.101 1.498 -0.016 -C.565 19.94 0.196 
66.8 94.3 92.0 8.60 0.107 1.695 0.004 -0.517 25.44 0.196 

0.874 0.079 525./I 
/.368 0.5/4 521.43 

20.115 1.4/4 518.50 
24.226 1./34 517.32 



MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST ,\UMBER 3400 RUN NLMBER 2 DATE RUN D6C6MBER 26, 1963 
BAROMtTRIC PRESSURE.= 29.000 IN HG TYPE D METERING RING TYPt B SPACER PLATE 
METERING KING CLEARANCE = 0.0270 ANNULUS CLEARANCE = 0.095 METERING RING AREA RATIO =.480 
EQUIVALeNT DIAMETER = 0.1850 ANNULLS AREA = 0.3310 SC IN METERING RING AREA = 0.15';8 SQ IN 

P16AV 
PSI 

0.495 
3.708 
7.931 
8.751 

CP68AV 
PSI 

0.096 
0.64 7 
1.439 
1.643 

DP83AV 
PSI 

0.868 
/.359 

19.840 
23.966 

DPa4AV 
PSI 

0.986 
8.052 

20.905 
26.562 

DP34AV 
PSI 

0.059 
0.659 
1.040 
1.182 

C16 

1.456 
1.511 
1.586 
1.628 

RE1668 

5.931E 04 
1.614E 05 
2-202E 05 
2.2416 05 

F68 

.0173 

.0158 

.0166 

.0174 

C83 

2.889 
3.174 
3.858 
4.500 

RE8384 

5.983E 04 
1.628E 05 
2.221E 05 
2.261E 05 

C84 

0.665 
0.731 
0.888 
1.036 

C34 

0.173 
0.245 
0.158 
0.155 

FLOW 
LB/SEC 

0.1070 
0.2391 
0.3928 
0.3994 



.•̂ ASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TtST CCNDITIONS 

TEST NUMBER 3500 
BAROMETRIC PRESSURE = 29.400 IN HG 
MtTERING RING CLEARANCE = 0.0620 
EQUIVALENT OIAMETtK = 0.2506 

RUN NUMBER 1 
TYPt C METERING RING 
ANNULLS CLEARANCE = 0.130 
ANNULLS AREA = 0,4529 SC IN 

DATE RUN DECEMBER 6, 1963 
TYPt B SPACER PLATE 
McTERING RING ARtA RATIO =.620 
METERING RING AREA = 0.2308 S3 1 

P I 
PSI 

110.0 
110.0 
111.0 
111.0 
UO.O 
110-5 
UO.O 
UO.O 
UO.O 
0 0 . 3 

0 . 3 
luO.O 
100.0 
' 30 .0 

•1.0 
0 

,' J 
95 .5 

P)A 
P i l 

103.8 
107.0 
1 0 / . 0 
106.5 
104.5 
104,0 
102.0 
1 0 . . 8 
9> .5 
83 .0 
8o.O 
84 .5 
83 .0 
82 ,3 
8u .5 
79 .8 
76.5 
7^ .5 

P4 
PSI 

108.5 
107.0 
107, 3 
106.5 
104.8 
104.0 
102.5 
101.0 
100.0 
88 .5 
87 .0 
85.5 
84 ,0 
83 ,2 
82.0 
80 .5 
78.0 
74,0 

P6A 
PSI 

109,5 
109,3 
109.5 
1C9.C 
107.3 
107.5 
106.5 
105.5 
105.0 

95.0 
94,5 
93 .5 
93 .0 
92.5 
91.5 
91 .2 
8 9 . 1 
86,2 

P8A 
PSI 

109.5 
108.5 
109.0 
10 8.8 
10 7.5 
107.0 
105.3 
105.0 
104.5 
9 3 . 8 
93 .0 
92.0 
91 .0 
91 .0 
9 0 . 0 
89 .5 
37 .0 
84 .0 

OPloA 
PSI 

0.93 
1.57 
1.99 
2 , 33 
2.35 
3,29 
4 .03 
4 .59 
5.13 
6.-J1 
6 , /3 
7,32 
7 .65 
8.06 
8.60 
8. 94 
9 . 3 1 
9 ,87 

DP6A6d 
PSI 

0.025 
0 .049 
U.u 70 
O.C/4 
0 .u69 
0 .069 
0 .036 
0 .051 
0 .036 
0 .036 
0 . 0 4 1 
0.C36 
0.u5d 
0 .061 
0.0 29 
0 .043 
0.045 
0.045 

DP6A8A 
PSI 

0 . 1 4 / 
0 .246 
0.295 
0.344 
0.393 
0.467 
0 . 7 3 / 
0.860 
0.958 
1.130 
1.228 
1.449 
1.523 
1.646 
1.719 
1.867 
1.940 
2.053 

0P8A80 
PSI 

0 . 0 0 / 
O . O l l 
0 .014 
0.016 
0.020 
0.014 
C.022 
C.C07 
0.022 
0.018 
0.014 
0.022 
0.022 
0.007 
C.036 
0 . 
0.018 
0.014 

DP3A3H 
PSI 

C.C05 
e c u 
0.019 
0 .011 
0.007 
C.C14 
0 . 
0 . 
G.OU 
0 . 

c. 
0 . 
0 . 
C. 
C. 
G.C13 
0.C05 
0 . 

DP8A4 
PSI 

0.74 
1.28 
1.67 
1.96 
2 . 4 1 
2 .75 
3.24 
3 .71 
4 .18 
5.13 
5.97 
6 .58 
7.07 
7.52 
8.20 
8.74 
9 .38 

10.32 

CP3A4 
PSI 

C.123 
G.187 
U.295 
C.309 
0 .344 
0 .393 
0 .491 
0 .530 
0 .639 
0 .810 
0 .884 
C.958 
1.007 
1.081 
1.164 
1.302 
1.366 
1.474 

DP8A3A 
PSI 

3.860 
1.449 
1.965 
2.309 
2.775 
3.144 
3.723 
4 .200 
4 .814 
5.845 
6.828 
/ . 5 6 4 
8.056 
8 .596 
9.308 
9.996 

10.684 
11 . / 89 

DP44A 
PSI 

0 . 1 / 2 
0 .300 
0.396 
0.459 
0.556 
0.614 
0 ,621 
0 . / 2 3 
0 .809 
0.957 
1.093 
1.207 
1 ,2 /9 
1.355 
1.445 
1.554 
1.626 
1 . /41 

TK 

R 

5 2 / , 4 9 
526,00 
525.93 
' i 2 5 , / 3 
525.25 
'?24.80 
524.53 
524.13 
524.13 
524.13 
524.35 
524.13 
524.35 
524.12 
523.63 
523.93 
52 3,93 
523.45 



MASS FLOW VS PRESSURt DROP AND LOSS C0EFFICI6NT VS i<E FOR REV- 5 

TtSI CCNDITIONS 

TEST NUMBER 350C 
BAROMETRIC PRESSURE = 29.400 IN HG 
METeRING RING CLEARANCE = 0.0620 
EQUIVALENT DIAMETER = 0.2506 

RUN NLMBER 1 
TYPE C METERING RING 
ANNULLS CLEARANCE = 0. 130 
ANNULUS AREA = 0.4529 SC IN 

DATE RUN D6C6MBER 6, 1963 
TYPE a SPACER PLATt 
METERING RING AREA RATIO =.620 
MtTERING RING ARtA = 0.2808 SO 

0P16AV 
PSI 

0.959 
1-621 
2.060 
2.434 
2.948 
3.391 
4.149 
4.684 
5.215 
6-123 
6.831 
/.414 
7.805 
8.181 
8.695 
9-053 
9-426 
9-993 

DP68AV 
PSI 

0.138 
0.227 
0.267 
C.315 
0.369 
0-439 
0.730 
0.838 
0.951 
1-121 
1-214 
1-442 
1.505 
1.618 
1.723 
1.845 
1.927 
2.038 

0Pe3AV 
PSI 

0.859 
1.449 
1.967 
2.306 
2.769 
3.144 
3.712 
4.196 
4.808 
5.836 
6.820 
7.554 
8.045 
8.592 
9.290 

10.002 
10.67/ 
11.782 

DP84AV 
PSI 

0.848 
1.470 
1.924 
2.260 
2.768 
3.147 
3.639 
4.177 
4.689 
5.749 
6.676 
7.353 
7.891 
8.390 
9.115 
9.741 
10.419 
11.418 

DP34AV 
PSI 

-0.011 
0.007 

-0.043 
-O.Oll 
0.023 
0.003 

-0.083 
-0.058 
-0.119 
-0.185 
-0.169 
-0.1/6 
-0.1/a 
-0.203 
-0.234 
-0.311 
-0.322 
-0.363 

C16 

1.365 
1.373 
1.351 
1.381 
1.389 
1.432 
1.580 
1.609 
1.605 
1.631 
1.629 
1.656 
1.682 
1.688 
1.725 
1.722 
1.740 
1.764 

R61668 

1.1096 
1.4416 
1.6476 
1.7/2E 
1.939E 
2.054E 
2.16Ct 
2.277E 
2.406E 
2.483E 
2.623E 
2./08E 
2.756t 
2.8186 
2.8776 
2.9376 
2.9616 
2.9916 

05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

F68 

.0163 

.0158 

.0144 

.0146 

.0142 

.0151 

.0224 

.0231 

.0234 

.0236 

.022/ 

.0252 

.0252 

.0259 

.0264 

.0270 

.0272 

.0273 

C83 

1.196 
1.227 
1.239 
1.254 
1.269 
1.289 
1.331 
1.371 
1.3/2 
1.435 
1-481 
1-515 
1-562 
1.583 
1.644 
1.676 
1.730 
1.795 

R68384 

1.1196 
1.4546 
1.6616 
1.7876 
1.9566 
2.0726 
2.1796 
2.2976 
2.4276 
2.5056 
2.6466 
2.7326 
2./80E 
2.843E 
2.9026 
2.9636 
2.98/6 
3.0176 

05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

C84 

0.460 
0.472 
0.476 
0.482 
0.488 
0.495 
0.512 
0.527 
0.527 
0.551 
0.569 
0-582 
0.600 
0.608 
0.632 
0.644 
0.665 
0.690 

C34 

0.016 
0.005 
0.027 
0.C06 
O.Oll 
0.001 
0.029 
0.018 
0.033 
0.044 
0.035 
0.034 
0.033 
0.035 
0.038 
0.048 
0.048 
0.050 

FLOW 
LB/SEC 

0.2025 
0.2627 
0.3000 
0.3226 
0.3528 
0.3735 
0.3927 
0.4137 
0.4370 
0.4511 
0.4766 
0.4920 
0.5008 
0.5119 
0.5223 
0.5333 
0.53/8 
0.5428 



MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CCNDITIONS 

TEST NUMBER 3600 
BAROMETRIC PRESSURE = 28.865 IN HG 
METERING KING CLEARANCE = 0.0610 
EgUIVAL6NT DIAMETER = 0.2506 

RUN NUMBER 1 
TYPE E METERING RING 
ANNULLS CLEARANCE = 0.130 
ANNULLS AREA = 0.4529 SC IN 

DATE RUN DECEMBER 9, 1963 
TYPE B SPACER PLATE 
METtRING RING AREA RATIO =.640 
METERING RING AREA = 0.2900 SQ IN 

P I 
PSI 

109.5 
109.5 
109.8 
109.8 
UO.O 
UO.O 
UO.O 
UO.O 
UO.O 
101.5 
100.0 
101.0 
99.5 
100.0 
99.5 
96.0 

PjA 
PSI 

108.0 
10/.0 
106.3 
105.5 
105.0 
103.5 
102.0 
100.3 
99.8 
90.0 
87.5 
8/.0 
84.5 
81.5 
82.5 
77.3 

P4 
PSI 

108.0 
107.0 
106.3 
105.5 
105.0 
103.5 
102.0 
100.5 
100.0 
90.5 
88.0 
87.5 
85.2 
84.5 
83.5 
78.0 

P6A 
PSI 

109.0 
108.5 
108.5 
107.5 
10/.5 
106.5 
106.3 
105.5 
105.5 
96.5 
94.5 
95.0 
93.0 
93.2 
92.0 
88.5 

P8A 
PSI 

109.0 
108.3 
108.0 
10/.5 
107.5 
106.3 
105.2 
104.9 
104.5 
95.5 
93.5 
93.5 
92.0 
91.8 
90.5 
86.5 

DPloA 
PSI 

0,84 
1.35 
1.92 
2.41 
2.75 
3.44 
4.27 
4.79 
5.38 
5.54 
6.02 
6.51 
6.93 
7.34 
7.59 
8.18 

DP6A6B 
PSI 

-0.004 
0. 

-0.011 
-0.007 
-0.014 
0.011 
0. 

-0.C14 
-0.018 
0. 

-0.00/ 
-0.036 
-0.02/ 
-0.014 
-0.018 
-0.0 14 

DP6A8A 
PSI 

0.123 
0.211 
0.295 
0.368 
0.418 
0.540 
0.786 
0.982 
1.081 
0.909 
1.007 
1.081 
1.154 
1.228 
1.253 
1.351 

DP8A8B 
PSI 

0. 
-0.005 
-0.016 
-0.013 
-0.014 
0.004 
0.016 

-0.014 
-0.043 
-0.036 
-0.054 
-0.043 
-0.040 
-0.033 
-0.014 
0. 

DP3A3d 
PSI 

0. 
0. 
0.005 
0.009 
0.011 
0.00/ 
0.007 
0.031 
0.020 
0.031 
0.02/ 
0.022 
0.C13 
0.C25 
O.CU 
0.C07 

0P8A4 
PSI 

0.61 
0.98 
1.45 
1.84 
2.14 
2.68 
3.24 
3.86 
4.25 
5.03 
5.48 
6.18 
6.73 
7.29 
7.54 
8.60 

DP3A4 
PSI 

0.098 
0.147 
0.221 
0.2/0 
0.295 
0.359 
0.418 
0.491 
0.580 
0./12 
0.712 
0.810 
0.860 
0.933 
0.973 
1.081 

DP8A3A 
PSI 

0.712 
1.154 
1.660 
2.088 
2.456 
3.021 
3.625 
4.323 
4.804 
5.713 
6.179 
6.926 
7.540 
8.154 
8.473 
9.603 

DP44A 
PSI 

0.154 
0.257 
0.361 
0.4/0 
0.533 
0.629 
0.650 
0.738 
0.342 
1.149 
1.265 
1.3/3 
1.481 
1.554 
1.604 
1.749 

TR 
R 

520.30 
519.85 
519.63 
519.62 
519.62 
518.72 
518.72 
518.2/ 
519.61 
520.98 
520,52 
520,37 
518.49 
519.15 
517.59 
519,16 



MASS FLOW VS PR6SSUR6 DROP AND LOSS CaEFFICI6NT VS R6 FOR ReV- 5 

T6ST CONDITIONS 

TEST NUMBER 3600 
BAR0M6TRIC PRESSURE = 28-865 IN HG 
METERING RING CLEARANCE = 0-0610 
EQUIVALENT DIAMET6R = 0.2506 

RUN NLMBER 1 
TYPE E METERING RING 
ANNULUS CLeARANCe = 0. 130 
ANNULLS AR6A = 0-4529 SQ IN 

0AT6 RUN DEC6M8eR 9, 1963 
TYP6 B SPACER PLATE 
METERING RING AREA RATIO =.640 
M6T6RING RING AREA = 0.2900 SQ IN 

0P16AV 
PSI 

0-831 
1-351 
1.905 
2-424 
2.762 
3.477 
4.307 
4.813 
5.403 
5.591 
6.069 
6-540 
6.970 
7.401 
7.643 
8-271 

DP68AV 
PSI 

0.125 
0.209 
0.292 
0.366 
0.418 
0.537 
0.794 
0.982 
1.066 
0.891 
C.9B3 
1.077 
1.148 
1.219 
1.254 
1-358 

DPe3AV 
PSI 

0.712 
1.157 
1.671 
2.098 
2.469 
3.022 
3.621 
4.345 
4.836 
5.746 
6.220 
6.958 
7.566 
8.183 
8.486 
9.607 

DP84AV 
PSI 

0.716 
1.153 
1.694 
2.151 
2.492 
3.086 
3.655 
4.363 
4.811 
5.795 
6.318 
7.085 
7.698 
8.308 
8.565 
9.712 

0P34AV 
PSI 

0.004 
0.020 
0.014 
0.028 
0.048 
0.048 
O.OOC 

-0.007 
-0.049 
0.014 
0.088 
0.063 
0.083 
0.051 
0.040 
0.032 

C16 

1.330 
1.380 
1.355 
1.393 
1.375 
1.457 
1.598 
1.583 
1.594 
1.394 
1.434 
1.426 
1.452 
1.468 
1.493 
1.521 

RE1668 

1.0626 
1.3306 
1.597E 
1.7766 
1.9116 
2.0876 
2.2186 
2.3586 
2.482E 
2.5976 
2.6546 
2.7776 
2.8346 
2.9066 
2.9336 
2.9656 

05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
OS 

F68 

.0165 

.0176 

.0171 
-0172 
-0170 
.0183 
.0238 
.0260 
.0252 
.0177 
.0184 
.0185 
.0188 
.0189 
.0191 
.0193 

C83 

1.136 
1.162 
1.184 
1.208 
1.209 
1.251 
1.300 
1.368 
1.346 
1.364 
1.401 
1.443 
1.490 
1.524 
1.542 
1.630 

RE8384 

1.0716 
1.3416 
1.6106 
1.7916 
1.9276 
2.1046 
2.2376 
2.3786 
2.5036 
2.6196 
2.6766 
2.8016 
2.8586 
2.9306 
2.9586 
2.9906 

05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

C84 

0.466 
0.476 
0.485 
0.495 
0.495 
0.513 
0.533 
0.561 
0.552 
0.559 
0.574 
0.591 
0.611 
0.625 
0.632 
0.668 

C34 

0.006 
0.020 
0.009 
0.015 
0.023 
0.019 
0.000 
0.002 
0.013 
0.003 
0.018 
0.012 
0.015 
0.009 
0.007 
0.005 

FLOW 
LB/S6C 

0.1917 
0.2401 
0.2881 
0.3205 
0.3448 
0.3760 
0.3997 
0.4247 
0.4478 
0.4695 
0.4795 
0.5015 
0.5105 
0.5240 
0.5277 
0.5347 



MASS FLOW VS PR6SSUR6 DROP AND LOSS C0eFFIC16NT VS R6 FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 3/00 RUN NUMBER 1 DATE RUN DECEMBER 9, 1963 
BAROMtTRIC PRESSURE = 28.385 IN HG TYPE F METERING RING TYPE 8 SPACER PLATE 
METERING RING CLEARANCE = 0.0600 ANNULUS CLEARANCE = 0.130 METERING RING AREA RATIO =.597 
EQUIVALENT CIAMETtR = 0 

PI 
PSI 

UO.O 
UO.O 
109.5 
Ul.O 
UO.O 
UO.O 
109.5 
110.5 
U O . O 
99.8 
99.5 
100.0 
99.8 
99.8 
110.3 
100.0 
9«».0 

P3A 
P:.I 

109-0 
107.5 
106.3 
107.0 
105.0 
101.5 
102.5 
101.9 
100.5 
87.5 
86.0 
8 J . 5 

8<».0 
84,0 
83.0 
81.5 
72.3 

P4 
PSI 

109.0 
107.5 
106.3 
107.0 
105.0 
103.5 
102.5 
102.5 
101.0 
83.0 
87.0 
86.5 
85.0 
85.0 
84.5 
83,0 
73,5 

P6A 
PSI 

109,5 
109.0 
108.3 
109.5 
108.0 
10/.0 
106.5 
IC/.O 
106.5 
94.5 
94.0 
94.5 
93.5 
93.5 
93.5 
93.0 
85.5 

.2506 

P8A 
PSI 

109.5 
109.0 
108.0 
109.0 
10/.5 
106.8 
106.0 
106.5 
105.5 
93.5 
93.0 
93.0 
92.5 
92.5 
92.5 
91.5 
84.5 

DP16A 
PSI 

0.61 
1,20 
1,5/ 
2.06 
2.60 
3,14 
3.59 
4.08 
4,40 
5.38 
5.85 
6.16 
6,56 
6.70 
7.12 
7.49 
8.44 

A.NNULLS AREA 

0P6A66 
PSI 

0. 
0. 
0. 

-0.005 
0. 
0. 
0.004 
0.005 
0.014 
0. 
0. 

-0.014 
0. 
0. 
0. 
0. 

-0.022 

CP6A8A 
PSI 

C.098 
0.187 
0.236 
0.295 
0.393 
0.491 
0.540 
0.604 
0.589 
0.835 
0.909 
0.958 
1.032 
1.081 
1.130 
1.179 
1.326 

= 0.4529 

0P8A88 
PSI 

0. 
0. 
0. 
0. 
0. 
0. 
0.007 

-0.007 
-0.014 
0.007 

-0.007 
-0.004 
-0.011 
-0.047 
-0.036 
-0.014 
-0.036 

SO IN 

DP3A38 
PSI 

C.C04 
0.C04 
0.C04 
0.011 
0. 
0.009 
0.007 
0.011 
0.009 
0. 
0.014 
0.02C 
C.C2C 
0.025 
0.029 
0.025 
C.CO? 

METERING RING 

DP8A4 
PSI 

0.52 
1.06 
1.45 
1.92 
2.43 
2.97 
3.44 
3.98 
4.35 
5.64 
6.02 
6.75 
7.29 
7.54 
8.20 
8.82 

10.76 

CP3A4 
PSI 

C.098 
0.17/ 
0.221 
0.344 
0.393 
0.491 
0.540 
0.639 
0.688 
0.801 
0.884 
0.973 
1.032 
0.589 
1.154 
1.253 
1.424 

AREA = 

DP8A3A 
PSI 

0.614 
1.203 
1.646 
2.210 
2.800 
3.414 
3.930 
4.593 
5.010 
6.386 
7.147 
7.687 
8.326 
8.621 
9.333 
10.011 
12.182 

0.2705 

DP44A 
PSI 

0.116 
0.231 
0.311 
0.372 
0.517 
0.636 
0.712 
0.824 
0.896 
1.113 
1.221 
1.286 
1.362 
1.420 
1.528 
1.601 
1.806 

SC I i 

TR 
R 

522.10 
521.65 
520.97 
519.40 
521.42 
520.75 
520.52 
520.29 
518.94 
519.84 
519.16 
518.04 
519.16 
518.71 
518.71 
513.71 
518.49 



MASS FLOW VS PR6SSURE DROP AND LOSS COEFFICIENT VS Re FOR REV- 5 

TEST CCNDITIONS 

TEST NUMBER 3700 
BAROMETRIC PRESSURE = 28.885 IN HG 
METERING RING CLEARANCE = 0.0600 

RUN NUMBER 1 
TYPE F METERING RING 
ANNULLS CLEARANCE = 0. 130 

DATE RUN DECEMBER 9, 1963 
TYP6 a SPACER PLAT6 
M6T6RING RING AREA RATIO =.59/ 

EQUIVALENT DIAMETER 

P16AV 
PSI 

0.614 
1.203 
1.572 
2.081 
2.632 
3.175 
3.628 
4.127 
4.459 
5.435 
5.905 
6.236 
6.650 
6.798 
7.213 
7.582 
8.512 

DP68AV 
PSI 

0.098 
0.187 
0.236 
0.297 
0.393 
0-491 
0.542 
0.598 
0.5/5 
0.839 
0.905 
0.963 
1.026 
1.057 
1.112 
1.172 
1.319 

0P83AV 
PSI 

0.616 
1.205 
1.64'/ 
2.216 
2.800 
3.418 
3.930 
4.602 
5.022 
6.382 
7.158 
7.699 
8.341 
8.657 
9.365 
10.031 
12.203 

= 0.2506 

DP84AV 
PSI 

0.593 
1.210 
1.657 
2.164 
2.776 
3.398 
3.907 
4.530 
4.949 
6.365 
6.813 
7.592 
8.185 
8.4/9 
9.195 
9.848 

11.932 

0P34AV 
PSI 

-0.022 
-0.024 
-0.015 
-0.101 
-0.049 
-0.069 
-0.0/2 
-0.096 
-0.09/ 
-0.071 
-0.099 
-0.147 
-0.156 
0.313 

-0.194 
-0.242 
-0.2/2 

ANNULLS AREA = 

C16 

1.325 
1.361 
1.328 
1.362 
1.353 
1.372 
1.401 
1.383 
1.399 
1.445 
1.450 
1.451 
1.472 
1.468 
1.605 
1.496 
1.550 

RE1668 

9.121E 
1.261E 
1.459E 
1.6736 
1.8726 
2.0456 
2.1606 
2.3296 
2.410E 
2.5046 
2.606E 
2.6916 
2.7496 
2.7866 
2.868E 
2.9186 
2.958E 

04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

0.4529 

F68 

.0176 

.C175 

.0164 

.0160 

.0165 

.0173 

.0170 

.0162 

.0145 

.0177 

.0176 

.0177 

.0179 

.C179 

.C195 

.0180 

.0185 

SC IN 

C83 

1.273 
1.353 
1.379 
1.390 
1.392 
1.425 
1.458 
1.461 
1.490 
1.599 
1.573 
1.655 
1.690 
1.7C5 
1.910 
1.794 
1.975 

MtTERING 

R68384 

9.195E 
1.2716 
1.4706 
1.6876 
1.8876 
2.0626 
2.1786 
2.3486 
2.430E 
2.5246 
2.6276 
2.7136 
2.7716 
2.8096 
2.8916 
2.9416 
2.9826 

04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

RING AREA = 0.2705 SQ 

C84 

0.454 
0.483 
0.492 
0.496 
0.497 
0.508 
0.520 
0.521 
0.532 
0.570 
0.561 
0.590 
0.603 
0.608 
0.681 
0.640 
0.705 

C34 

0.048 
0.027 
0.012 
0.064 
0.024 
0.C28 
0.026 
0.030 
0.028 
0.017 
0.021 
0.0 30 
0.030 
0.058 
0.037 
0.040 
0.C39 

FLOW 
LB/SEC 

0.1652 
0.2282 
0.2637 
0.3018 
0.3387 
0.3697 
0.3903 
0.4208 
0.4345 
0.4520 
0.4699 
0.4844 
0.4956 
0.5021 
0.5168 
0.5257 
0.5328 



MASS FLOW VS PRESSUR6 DROP AND LOSS C06FFICIENT VS RE FOR REV- 5 

TEST CCNDITIONS 

TEST NUMBER 3800 
BAROMETRIC PRESSURE = 29.320 IN HG 
METERING RING CLEARANCE = 0.0250 

RUN NLMBER 1 
TYPE F METERING RING 
ANNULLS CLEARANCE = 0. 095 

DATE RUN DECEMBER 10, 1963 
TYPE B SPACER PLATE 
METERING RING AREA RATIO =.449 

EQUIVALENl 

PI 
PSI 

UO.O 
110.5 
UO.O 
UO.O 
109.9 
UO.O 
UO.O 
109.3 
110.5 
UO.O 
UO.O 
110.5 
UO.O 
UO.O 
109.5 

PJA 
PSI 

103.5 
107.0 
104.5 
102.0 
100.0 
93.8 
95.5 
92.8 
91.0 
83.0 
83.5 
83.5 
76.8 
70.8 
60.2 

• DIAMETER = 0 

P4 
PSI 

108.5 
107.0 
104,0 
102.0 
99.8 
98.5 
95.3 
92.5 
91.0 
87.5 
83.0 
80.0 
75.8 
70.2 
60.2 

P6A 
PSI 

UO.O 
109.8 
108.5 
ioa.3 
107.i 
1C/.5 
106.5 
105.5 
106.5 
105.0 
104.U 
104.5 
103.5 
102.3 
102,0 

.1850 

P8A 
PSI 

UO.O 
109.6 
108.3 
107.5 
107.0 
106.5 
106.0 
104.5 
105.5 
103.7 
1U3.0 
103.0 
102.0 
101.0 
100.0 

0P16A 
PSI 

0.54 
1.08 
1.6/ 
2.19 
2. /5 
3.09 
3./a 
4-27 
4.85 
5.30 
6.01 
6.53 
7.CO 
7.56 
8.01 

ANNULLS AREA 

0P6A68 
PSI 

0. 
0. 
0,005 
0.009 
0.014 
0.016 -
0.016 
0.023 
0.029 
0.03O 
0.043 
0.049 
0.045 
0.040 
0.040 

0P6A8A 
PSI 

0.123 
0.221 
0.344 
0.467 
0.565 
0.639 
0.786 
0.884 
1.007 
1.130 
1.27/ 
1.375 
1.474 
1.572 
1.670 

= 0.3310 

DP8A8B 
PSI 

-0.007 
-0.011 
-0.014 
-0.020 
-0.022 
-0.023 
-0.016 
-0.029 
-0.029 
-0.043 
-0.054 
-0.051 
-0.054 
-0.054 
-0.045 

SQ IN 

DP3A3B 
PSI 

-C.C2C 
-0.C51 
-0.108 
-0.190 
-0.2 37 
-0.269 
-0.289 
-0.35C 
-0.448 
-0.52C 
-0.547 
-0,643 
-0.6/'. 
-1.C6C 
-1.853 

METERING RING 

DP8A4 
PSI 

1.28 
2.60 
4.09 
5.62 
/.17 
8.30 

10.49 
12.03 
14.49 
16.28 
19.65 
23.04 
25.71 
30.99 
39.34 

CP3A4 
PSI 

0. 
0. 
0.049 
0.074 
0.123 
0.138 
0.147 
0.172 
0.172 
0.221 
0.309 
0.540 
C.702 
0.516 
0.393 

AREA = 

0P8A3A 
PSI 

1.253 
2.628 
4.003 
5.541 
6.990 
8.154 
10.315 
11.862 
14.245 
16.038 
19.402 
22.325 
25.228 
30.233 
39.841 

0.1436 

DP44A 
PSI 

0.070 
0.132 
0.206 
0.264 
0.325 
0.376 
0.495 
0.537 
0.643 
O./Ol 
0.820 
0.921 
1.004 
1.120 
1.373 

SQ IN 

TR 
R 

524. 15 
523.23 
522.10 
521,43 
521,65 
520,30 
519.34 
518.72 
520.07 
518.94 
518.71 
518,49 
518.^.8 
517,30 
518.93 

1 
U 
DO 

'-N 

9 g. rt 

3 
p. 
—' 



MASS FLOW VS PRESSURt DROP AND LOSS C0eFFICI6NT VS AS FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 3800 
BAROMETRIC PRESSUKE = 29.320 IN HG 
METERING RING CLEARANCE = 0.0250 
6QUIVAL6NT DIAMETtR = 0.1850 

RUN NLMBER 1 
TYPE F METERING RING 
ANNULLS CLEARANCE = 0.095 
ANNULLS AR6A = 0.3310 SC IN 

0AT6 RUN D6CEMBER 10, 1963 
TYPE B SPACER PLATE 
METERING RING AREA RATIO =.449 
METERING RING AREA = 0.1486 SQ 

P16AV 
PSI 

0.540 
1.081 
1.675 
2.195 
2.765 
3.111 
3.798 
4.318 
4.908 
5.369 
6.082 
6.615 
7.081 
7.643 
8.086 

UP68AV 
PSI 

0.119 
0.216 
0.334 
0.452 
0.547 
0.619 
0.770 
0.858 
0-978 
1.090 
1.228 
1.326 
1.424 
1.525 
1.628 

DPe3AV 
PSI 

1.246 
2.608 
3.956 
5.456 
6.882 
8.031 
10.179 
11.702 
14.035 
15.799 
19.156 
22.029 
24.918 
29.730 
38.93/ 

DP84AV 
PSI 

1.328 
2.697 
4.236 
5.812 
7.398 
8.565 
10.819 
12.401 
14.926 
16.759 
20.204 
23.654 
26.385 
31.732 
40.755 

0P34AV 
PSI 

0.05/ 
0.113 
0.240 
0.34/ 
0.45/ 
0.524 
0.616 
0.699 
0.81/ 
0.915 
1.112 
1.453 
1.682 
1.757 
1.425 

C16 

1.572 
1.546 
1.618 
1.585 
1.595 
1.603 
1.602 
1.640 
1.622 
1.651 
1.656 
1.649 
1.653 
1.686 
1.690 

RE1668 

5.769E 
8.266t 
1.007E 
1.166E 
1.303C 
1.384t 
1.5326 
1.6146 
1.733E 
1.7986 
1.9126 
2.0036 
2.066E 
2.1296 
2.1776 

04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

F68 

.0213 

.C189 

.0196 

.0198 

.0190 

.C192 

.0194 

.0194 

.0191 

.0198 

.0196 

.0193 

.0193 

.C195 

.0196 

C83 

3.842 
3.817 
4.025 
4.1C7 
4.154 
4.280 
4.395 
4.514 
4.701 
4.886 
5.176 
5.522 
5.739 
6.485 
7.850 

RE8384 

5.816E 
8.3346 
1.0156 
1.1766 
1.3146 
1.3966 
1.5456 
1.627E 
1.7476 
1.8136 
1.9286 
2.0206 
2.0836 
2.147t 
2.1956 

04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

C84 

0.775 
0.770 
0.811 
0.828 
0.837 
0.863 
0.886 
0.910 
0.948 
0.985 
1.043 
1.113 
1.157 
1.307 
1.582 

C34 

0.163 
0.157 
0.221 
0.234 
0.242 
0.244 
0.229 
0.229 
0.227 
0.236 
0.238 
0.275 
0.287 
0.266 
0.181 

FLOW 
LB/SEC 

0.1038 
0.1485 
0.1806 
0.2090 
0.2336 
0.2476 
0.2739 
0.2881 
0.3099 
0.3210 
0.3413 
0.3574 
0.3686 
0.3/94 
0.3886 



MASS FLOW VS PRESSURt DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TtST NUMBER 3900 
BAROMCTRIC PRESSURE = 29.360 IN HG 
MtTERING RING CLEARANCE = 0.0260 
EQUIVALENT DIAMtTcR = 0.1850 

PI P)A P4 P6A P8A DPloA 
PSI P^I PSI PSI -̂ SI PSI 

U O . O 
1 0 9 . 5 
1 0 9 . 3 
U O . O 
U O . O 
U O . O 
U O . O 
1 0 9 . 5 
U O . O 
1 0 9 . 8 
U O . O 
1 1 0 . 5 
U O . O 
1 1 0 . 8 
U O . O 

1 0 3 . 5 
lO-^.O 
1 0 4 . 5 
1 0 3 . 0 
1 0 2 . 0 
1 0 3 . 0 

9 3 . 0 
9o .O 
9 1 . 5 
9 J , 9 

8 6 . 0 
8 1 . 0 
Bu.O 
7 ) . 0 
7 ^ . 0 

1 0 8 , 1 
1 0 5 , 3 
1 0 4 , 0 
1 0 3 , 0 
1 0 1 . 3 

9 9 , 8 
9 / , 5 
9 5 . 5 
9 2 . 3 
9 0 , 1 
8 6 , 0 
8 2 . 5 
7 9 , 5 
7 4 . 5 
o 9 , 5 

1 0 9 . o 
1 0 8 . 5 
ica .o 
1 0 8 , 3 
1 0 7 . 5 
K 7 . 0 
1 0 7 . 0 
1 0 6 . 0 
l t 5 . 2 
1 0 4 . 3 
1 0 4 . 2 
1 0 4 . 0 
1 0 3 . 0 
1.C3.0 
I C I . 5 

1 0 9 . 6 
l o 8 . 3 
1 0 7 . 5 
1 0 7 . 8 
1 0 7 . 0 
1 0 6 . 5 
1 0 6 , 0 
1 0 5 , 0 
1 0 4 . 5 
1 0 3 . 5 
1 0 3 . 0 
1 0 2 . 8 
1 0 1 . 5 
1 0 1 . 0 

9 9 . 8 

0 , 5 6 
1 ,13 
1 .72 
2 . 1 6 
2 . 5 1 
3 , 0 5 
3 , 6 3 
4 , 0 3 
4 , 9 1 
5 , 3 3 
6 , 3 1 
7 , 0 0 
7 . 4 7 
8 . 0 8 
8 . 6 5 

r 
f 
OCX 
M 

TtST C C N D I T I O N S 

RUN NLMBER 1 
TYPt E METERING RING 
ANNULLS CLEARANCE = 0,095 
ANNULLS AREA = 0.3310 SQ IN 

DATE RUN DECEMBER 10, 1963 
TYPE B SPACER PLATt 
MtTtRING RING AREA RATIO =.508 
METERING RING AREA = 0.1680 SQ T 

DP6A6d 
PSI 

0.0C4 
0 .007 
O . O l l 
O . u U 
0 .016 
0.U29 
0.U42 
0 . 0 5 1 
0 .034 
0 .042 
0 .0 54 
0 .065 
0 .054 
0 .079 
0 .061 

0P6AaA 
PSI 

0.098 
0 .231 
0.319 
0.442 
0.491 
0.614 
0.737 
0.810 
0.982 
1,056 
1,228 
1 ,3 /5 
1 .4 /4 
1.621 
1.744 

0P8A8B 
PSI 

0 . 
0 . 0 0 / 
0 .011 
0.009 
O . O l l 
0.013 
0.02 3 
0.009 
0 . 0 0 / 

- 0 . 0 0 4 
- 0 . 0 1 4 
- 0 . 0 1 6 
- 0 . 0 0 4 
- 0 , 0 2 9 
- u , C 3 1 

DP3A38 
PSI 

0 . 
-0 .C56 
- 0 . 0 9 8 
- 0 . 1 3 / 
- 0 . 1 6 5 
- 0 . 1 7 3 
- 0 . 1 8 8 
-C.21C 
- 0 . 3 0 2 
- 0 . 3 1 8 
- 0 . 4 5 2 
- 0 . 5 4 2 
- 0 . 6 3 2 
-0 .71C 
- C . 8 3 1 

0 P 8 A 4 
PSI 

1.15 
2 .33 
3.56 
4 .72 
5.55 
6.88 
8.40 
9.63 

12.16 
13 .51 
l / .OC 
20.07 
22 .35 
26 .79 
30.48 

CP3A4 
PSI 

0.049 
0 .123 
C.123 
0 .123 
0 . 1 4 / 
0 .196 
0.246 
0.295 
0 .363 
0 .393 
0 .491 
0 .540 
0 .614 
0 . 6 / 8 
0.688 

DP8A3A 
PSI 

1.090 
2 .260 
3.414 
4 .593 
5 . 3 / 9 
6.656 
8.129 
9.308 

11,740 
13.041 
16.504 
19.501 
21.686 
26.029 
29 .231 

DP44A 
PSI 

0.085 
0.072 
0.108 
0 .166 
0 .213 
0.232 
0 .369 
0.40 5 
0 .484 
0.533 
0.650 
0 . 6 / 2 
0.715 
0.759 
0 .744 

TR 
R 

521.83 
521,88 
522.10 
521,33 
521,33 
521,20 
521,65 
521.43 
521.65 
521.43 
521.20 
5^:1.20 
521.05 
521.20 
520.93 

|3> 1 
a 
H 
X 
ud 

o o 
3; 

(D 
O-

"'"' 



MASS FLOW VS PR6SSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CCNDITIONS 

TtST NUMBER 3900 RUN NLMBER 1 DATE RUN DECEMBER 10, 1963 
BAROMtTRIC PRESSURE = 29.360 IN HG TYPE E METERING RING TYPE B SPACeR PLAT6 
HET6RING KING CLeARANCe = 0.0260 ANNULUS CL6ARANC6 = 0.095 METERING RING AREA RATIO =.508 
EQUIVALENT DIAMETER = 0.1850 ANNULUS AREA = 0.3310 SQ IN MtTERING RING AREA = 0.1680 SQ IN 

DP16AV 
PSI 

0.568 
1.137 
1.730 
2.172 
2.521 
3.074 
3.696 
4.149 
4.973 
5.401 
6.400 
7.101 
7.560 
8.199 
8.750 

DP68AV 
PSI 

0.096 
C.231 
0.319 
0.441 
0.488 
0.606 
0.728 
0.790 
0.969 
1.033 
1.194 
1.335 
1.445 
1.567 
1-698 

QPe3AV 
PSI 

1-090 
2-228 
3.360 
4.520 
5.290 
6.563 
8.024 
9.199 
11.535 
12.8rt4 
16.286 
19.238 
21.372 
25.688 
28.831 

DP84AV 
PSI 

1.210 
2.383 
3.630 
4.824 
5.691 
/.061 
8.636 
9.901 
12.487 
13.875 
17.439 
20.536 
22.833 
27.320 
30.983 

DP34AV 
PSI 

0.105 
0.204 
0.246 
0.305 
0.376 
0.473 
0.588 
0.6/7 
0.853 
0.917 
1.153 
1.274 
1.412 
1.543 
1.592 

C16 

1.604 
1.592 
1.629 
1.554 
1.574 
1.582 
1.605 
1.609 
1.626 
1.632 
1.655 
1.657 
1.661 
1.651 
1.677 

RE1668 

5.893E 
8.349E 
1.0176 
1.1706 
1.2536 
1.382E 
1.503E 
1.588E 
1.733E 
1.8026 
1.9516 
2.0576 
2.1146 
2.217E 
2.2676 

04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

F68 

.0167 

.0197 

.0183 

.0191 

.0184 

.0187 

.0189 

.0182 

.0187 

.0184 

.0180 

.0181 

.0184 

.0182 

.0187 

C83 

3.396 
3.300 
3.362 
3.379 
3.466 
3.526 
3.616 
3.686 
3.887 
3.975 
4.233 
4.468 
4-653 
5.0/2 
5.440 

R68384 

5.9436 
8.4206 
1.0256 
1.180E 
1.2646 
1.3946 
1.5166 
1.6026 
1.7476 
1.8176 
1.9676 
2.0756 
2.132E 
2.2366 
2.2866 

04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

C84 

0.875 
0.850 
0.867 
0.871 
0.894 
0.909 
0.932 
0.950 
1.002 
1.025 
1.091 
1.152 
1.199 
1.307 
1.402 

C34 

0.291 
0.277 
0.222 
0.205 
0.219 
0.224 
0.230 
0.233 
0.240 
0.234 
0.241 
0.231 
0.234 
0.223 
0.209 

FLOW 
LB/S6C 

0.1057 
0.1497 
0.1824 
0.2098 
0.2247 
0.2476 
0.2695 
0.2846 
0.3105 
0.3228 
0.3494 
0.3685 
0.3789 
0.3972 
0.4059 

> 

a 
g 
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MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

T6ST CONDITIONS 

TEST NUMBER 4000 
BAROMETRIC PRESSURE = 29.300 IN HG 
METERING RING CLEARANCE = 0. 
EQUIVALeNT DIAMETER = 0.1276 

RUN NLMBER 3 
TYPE E METERING RING 
ANNULUS CL6ARANCt = 0.065 
ANNULLS AReA = 0.2265 SC IN 

DAT6 RUN JANUARY 17, 1964 
TYP6 B SPACeR PLATE 
METERING RING AREA RATIO =.342 
METERING RING AREA = 0.0775 SQ IN 

P I 
PSI 

1 1 9 . 5 
1 1 9 . 8 
1 2 0 . 0 
1 2 0 . 0 
1 2 0 . 0 
1 2 0 . 0 
1 2 0 - 0 
1 2 0 . 0 
1 2 0 . 1 
1 2 0 . 0 
1 2 0 . 0 
1 2 0 . 0 
1 1 9 . 9 
1 2 0 . 0 
1 2 0 . 0 
1 2 0 . 1 
1 2 0 . 0 

P3A 
PSI 

1 1 8 . 2 
1 1 7 . 0 
1 1 5 . 9 
1 1 4 . 0 
1 1 2 . 5 
1 1 0 . 6 
1 0 8 . 9 
1 0 6 . 0 
1 0 4 . 0 
1 0 1 . 5 

9 8 . 5 
9 5 . 2 
9 1 . 2 
8 8 . 0 
8 1 . 1 
7 6 . 8 
5 6 . 0 

P4 
PSI 

1 1 7 . 5 
1 1 6 . 3 
1 1 5 . 2 
1 1 3 . 1 
1 1 1 . 5 
1 0 9 . 5 
1 0 7 . 2 
1 0 4 . 5 
1 0 2 . 5 

9 9 . 6 
9 6 . 5 
9 3 . 0 
8 8 . / 
8 5 . 5 
7 9 . 9 
7 3 . 5 
5 6 . 5 

P6A 
PS I 

1 1 9 . 5 
1 1 9 . 5 
1 2 0 . 0 
1 1 9 . 5 
1 1 9 . 3 
1 1 9 . 0 
1 1 8 . 6 
1 1 8 . 0 
1 1 8 . 3 
1 1 7 . 5 
1 1 7 . 0 
1 1 7 . 0 
1 1 6 . 0 
i i e . i 
1 1 5 . 9 
1 1 5 . 5 
1 1 5 . 0 

P8A 
PSI 

1 1 9 . 3 
1 1 9 . 3 
1 1 9 . 5 
1 1 9 . 0 
1 1 8 . 7 
1 1 8 . 2 
1 1 7 . 5 
1 1 7 . 2 
1 1 7 . 2 
1 1 6 . 6 
1 1 6 . 0 
1 1 5 . 5 
1 1 4 . 6 
1 1 5 . 0 
1 1 4 . 5 
1 1 4 . 0 
1 1 3 . 0 

0P16A 
PSI 

0 . 3 9 
0 . 6 6 
0 . 9 1 
1 . 1 8 
1 . 4 7 
1 . 7 4 
2 . 0 1 
2 . 3 6 
Z.li 
3 . 0 8 
3 . 9 1 
3 . 7 8 
4 . 1 8 
4 . 5 2 
4 . 9 1 
5 , 3 4 
5 . 8 0 

DP6A6B 
PSI 

0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 

- 0 . 0 1 0 
0 . 
0 . 
0 . 
0 . 0 1 1 
0 . 0 1 4 
0 . 0 1 8 
0 . 0 2 2 

DP6A8A 
PS I 

0 . 0 9 8 
0 . 1 4 7 
0 . 1 9 6 
0 . 2 7 0 
0 . 3 4 4 
0 . 3 9 3 
0 . 4 6 7 
0 . 5 4 0 
0 . 6 3 9 
0 . 6 8 8 
0 . 8 1 0 
0 . 8 8 4 
0 . 9 8 2 
1 . 0 3 2 
1 . 1 6 9 
1 . 2 7 7 
1 . 4 0 0 

0P8A8B 
PSI 

0 . 0 1 1 
0 . 0 2 0 
0 . 0 2 8 
0 . 0 3 6 
0 . 0 4 7 
0 . 0 5 2 
0 . 0 6 1 
0 . 0 7 2 
0 . 0 7 9 
0 . 0 8 5 
0 . 0 9 4 
0 . 1 0 3 
0 . 1 0 8 
O . U O 
0 . 1 1 6 
0 . 1 1 6 
0 . 1 0 7 

0P3A3B 
PSI 

0 . C 7 4 
0 . 1 1 9 
0 . 1 9 7 
0 . 2 6 4 
0 . 3 3 1 
0 . 3 9 0 
0 . 4 5 2 
0 . 5 4 4 
0 . 6 5 9 
0 . 7 1 C 
0 . 7 7 7 
0 . 9 0 0 
0 . 9 6 1 
1 . 0 5 0 
1 . 1 0 6 
0 . 9 8 8 

- 1 . 4 4 5 

DP8A4 
PSI 

1 . 9 2 
3 . 1 7 
4 . 5 9 
5 . 9 2 
7 . 4 9 
8 . 9 4 

1 0 . 5 6 
1 2 . 8 7 
1 5 . 2 3 
1 7 . 4 4 
2 0 . 1 1 
2 3 . 1 4 
2 6 . 5 2 
3 0 . 0 1 
3 4 . 9 5 
4 0 . 5 4 
5 6 . 5 6 

DP3A4 
PSI 

0 . 2 2 1 
0 . 3 4 4 
0 . 4 7 6 
0 . 5 9 9 
0 . / 4 / 
0 . 9 0 9 
1 . 0 8 1 
1 . 3 0 2 
1 . 5 2 3 
1 . 7 5 8 
1 . 9 8 9 
2 . 2 6 0 
2 . 5 5 4 
2 . 8 4 9 
3 . 1 4 4 
3 . 1 9 3 
0 . 4 4 2 

DP8A3A 
PSI 

1 . 7 1 9 
2 . 8 2 4 
4 . 0 8 7 
5 . 2 9 5 
6 . 7 0 5 
8 . 0 0 7 
9 . 4 8 0 

1 1 . 5 1 9 
1 3 . 6 8 0 
1 5 . 6 4 5 
1 8 . 0 7 6 
2 0 . 8 2 7 
2 3 . 9 4 6 
2 7 . 0 1 1 
3 1 . 3 9 8 
3 7 . 2 3 8 
5 7 . 0 6 3 

DP44A 
PSI 

0 . 0 1 1 
0 . 0 1 6 
0 . 0 2 7 
0 . 0 3 6 
0 . 0 5 4 
0 . 0 6 9 
0 . 0 7 9 
0 . 0 9 8 
0 . 1 0 8 
0 . 1 1 9 
0 . 1 2 6 
0 . 1 5 5 
0 . 1 4 5 
0 . 1 5 9 
0 . 1 5 9 
0 . 1 6 6 
0 . 1 9 1 

TR 
R 

5 2 3 . 0 1 
5 2 1 . 2 1 
5 2 0 . 0 8 
5 1 8 . 5 0 
5 1 7 . 5 9 
5 1 7 . 3 7 
5 1 7 . 8 2 
5 1 / . 5 9 
5 1 7 . 3 7 
5 1 7 . 3 7 
5 1 8 . 7 2 
5 1 8 . 9 5 
5 1 8 . 5 0 
5 1 9 . 4 0 
5 1 8 . 5 0 
5 1 7 . 5 9 
5 1 8 . 5 0 



MASS FLOW VS PRESSUR6 DROP AND LOSS COeFFICieNT VS Re FOR R6V- 5 

T6ST CONDITIONS 

TeST NUMBER 4000 
8AROM6TRIC PRESSURE = 29.300 IN HG 
METERING RING CLEARANCE = 0. 
EQUIVALENl DIAMETER = 0.1276 

RUN NUMBER 3 
TYPe 6 MCTERING RING 
ANNULUS CLEARANCe = 0.065 
ANNULLS AR6A = 0.2265 SQ IN 

DATe RUN JANUARY 17, 1964 
TYP6 a SPACER PLATe 
M6T6RING RING AREA RATIO =.342 
METERING RING AREA = 0.0775 SQ IN 

DP16AV 
PSI 

0.393 
0.663 
0.909 
1.179 
1.4/4 
1.744 
2.014 
2.358 
2.726 
3.075 
3.905 
3-782 
4.175 
4.530 
4.926 
5.362 
5.818 

DP68AV 
PSI 

0.104 
0.157 
0.211 
0.288 
0.367 
0.419 
0.497 
0.576 
0.678 
0.735 
0.857 
0.936 
1.037 
1.081 
1.220 
1.326 
1.442 

DP83AV 
PSI 

1.751 
2.8/4 
4.1/1 
5.409 
6.847 
8.1/5 
9.675 
11.754 
13.9/0 
15.957 
18.418 
21.225 
24.3/2 
27.481 
31.892 
37.674 
56.287 

DPa4AV 
PSI 

1.919 
3.171 
4.603 
5.935 
7.511 
8.967 

10.595 
12.909 
15.275 
17.487 
20.180 
23.219 
26.605 
30.119 
35.074 
40.706 
56.823 

0P34AV 
PSI 

0.192 
0.297 
0.403 
0.501 
0.625 
0.767 
0.920 
1.106 
1.281 
1.495 
1.713 
1.945 
2.209 
2.486 
2.7/4 
2.919 
0.595 

C16 

1.603 
1.636 
1.556 
1.576 
1.579 
1.588 
1.587 
1.571 
1.564 
1.588 
1.815 
1.580 
1.601 
1.595 
1.612 
1.616 
1.626 

R61668 

3.4996 
4.5246 
5.4506 
6.1916 
6.9326 
7.5216 
8.0796 
8.7906 
9.4816 
9.9896 
1.0496 
1.1066 
1.1566 
1.2046 
1.25lt 
1.3076 
1.3546 

04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
05 
05 
05 
05 
05 
05 
05 

F68 

.0179 

.0164 

.0152 

.0162 

.0166 

.0160 

.0164 

.0160 

.0162 

.0158 

.0165 

.0162 

.0164 

.0156 

.0164 

.0163 

.0164 

C83 

7.797 
7.776 
7.814 
7.847 
7.936 
8-037 
8.191 
8.412 
8.541 
8.774 
9.047 
9.356 
9.805 
0.162 
0.951 
1.658 
5.025 

Re8384 

6.1336 
7.9286 
9.5526 
1.0856 
1.2156 
1.3186 
1.4166 
1.5416 
1.6626 
1.7516 
1.839E 
1.9396 
2.0256 
2.1106 
2.1936 
2.2916 
2.3736 

04 
04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

C84 

0.912 
0.910 
0.914 
0.918 
0.928 
0.940 
0.958 
0.984 
0.999 
1.026 
1.058 
1.094 
1.147 
1.189 
1.281 
1.364 
1.758 

C34 

0.772 
0.712 
0.662 
0.636 
0.626 
0.645 
0.659 
0.656 
0.640 
0.659 
0.659 
0.655 
0.660 
0.660 
0.651 
0.590 
0.088 

FLOW 
LB/SEC 

0.0623 
0.0803 
0.0966 
0.1095 
0.1225 
0.1328 
0.1428 
0.1553 
0.1674 
0.1764 
0.1857 
0.1959 
0.2044 
0.2132 
0.2214 
0.2310 
0.2395 

g 
S 
a 

Q 

% 
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MASS FLOW VS PR6SSUR6 DROP AND LOSS COEFFICIENT VS RE FOR Rev- 5 

TEST CONDITIONS 

TeST NUMBER 4100 
BAROMETRIC PR6SSUK6 = 29.375 IN HG 
M6T6RING RING CLCARANCe = 0. 
6QUIVAL6NT DIAMETER = 0.1276 

RUN NLMBER 1 
TYPE F METeRING RING 
ANNULUS CL6ARANC6 = 0.065 
ANNULLS AR6A = 0.2265 SC IN 

DATe RUN DECEMBER 13, 1963 
TYPE 8 SPACER PLATE 
METERING RING AREA RATIO =.272 
METERING RING AREA = 0.0615 SQ IN 

'Ui 
PI 
PSI 

120.0 
120.0 
118.5 
119.5 
120.0 
120.0 
120.0 
120.0 
120.0 
120.0 
119.8 
120.0 
120.0 
120.0 
120.0 
120.0 

P3A 
PSI 

118.5 
116.5 
113.3 
112.5 
Ul.O 
103.2 
105.5 
103.8 
101.0 
97.2 
83.7 
89.9 
85.5 
76.2 
66.0 
54.0 

P4 
PSI 

118.0 
116.0 
112.5 
112.0 
110,3 
107.3 
104.0 
102.2 
100.0 
96.0 
82.0 
87.0 
82.8 
72.5 
61.0 
49.5 

P6A 
PSI 

120.0 
120.0 
118.5 
119.5 
119.5 
119.0 
119.0 
118.3 
118.5 
118.0 
117.2 
117.5 
117.0 
116.5 
116.5 
116.3 

P8A 
PSI 

120.0 
120.0 
118.3 
119.0 
119.5 
118.5 
118.5 
117.6 
117.8 
117.0 
116.5 
116.5 
116.5 
115.5 
115.5 
115.0 

DP16A 
PSI 

0.29 
0.56 
0.88 
1.06 
1.28 
1.60 
1.92 
2.11 
2.36 
2.70 
3.00 
3.29 
3.63 
4.05 
4.2/ 
4.3/ 

DP6A6B 
PSI 

0. 
0.004 
0.005 
0.005 
0.004 
0. 
0. 
0. 

-0.004 
0. 
0.005 
0. 

-0.011 
-O.Oll 
-0.018 
-0.009 

0P6A8A 
PSI 

0.074 
0.123 
0.221 
0.270 
0.319 
0.3^3. 
0.491 
0.516 
0.589 
0.688 
0.761 
0.835 
0.884 
1.007 
1.081 
1.081 

0P8A8B 
PSI 

0. 
0.004 
0.009 
O.Oll 
0.013 
0.013 
0.014 
0.014 
0.018 
0.018 
0.018 
0.016 
0.023 
0.016 
0.022 
0.036 

DP3A3B 
PSI 

-0.C43 
-0.089 
-0.085 
-0.155 
-0.072 
-0.007 
0. 
0. 
0.031 

-0.036 
0.C65 
0.144 
0.193 
0.181 
0.141 
0.379 

0P8A4 
PSI 

1.96 
4.03 
5.87 
/.12 
8.79 
11.17 
13.80 
15.60 
18.22 
21.44 
24.76 
28.71 
33.48 
43.04 
54.56 
65.57 

DP3A4 
PSI 

0.093 
0.221 
0.393 
0.393 
0.442 
0.688 
0-860 
1-081 
1.179 
1.3/5 
1.719 
2.137 
2.569 
3.659 
4.912 

,4.421 

DP8A3A 
PSI 

1.817 
3.733 
5.403 
6.705 
8.301 
10.512 
12.869 
14.515 
17.020 
20.090 
23.062 
26.628 
31.034 
39.340 
49.552 
61.066 

DP44A 
PSI 

0.00/ 
0.014 
0.020 
0.029 
0.029 
0.043 
0.054 
0.065 
0.054 
0.065 
0.061 
0.069 
0.065 
0.051 
0.152 
0.036 

TR 
R 

531.96 
531.07 
532.18 
529.29 
528.17 
528.39 
528.17 
527.50 
525. n 
526.82 
526.15 
526.82 
524.53 
526.60 
524.13 
525.03 

VJ1 



MASS FLOW VS 

TEST NUMBeR 4100 
BAROMETRIC PRESSURE = 29.375 
METERING RING CLEARANCE = 0. 
6QUIVAL6NT ClAM6TtR = 0.1276 

0P16AV 
PSI 

0.295 
0.568 
0.890 
1.061 
1.281 
1.596 
1.916 
2.112 
2.354 
2.702 
3.002 
3.291 
3.624 
4.042 
4.255 
4.363 

0P68AV 
PSI 

0.074 
0.123 
0.223 
0.273 
0.324 
0.399 
0.498 
0.523 
0.600 
0.697 
0.768 
0.843 
0.901 
1.021 
1.101 
1.103 

0P83AV 
PSI 

1.796 
3.687 
5.356 
6.622 
8.259 

10.502 
12.862 
14.508 
17.026 
20.063 
23.085 
26.692 
31-119 
39.422 
49.612 
61.238 

0P84AV 
PSI 

1.968 
4.037 
5.878 
7.135 
8.811 

11.207 
13.826 
15.625 
18.272 
21.493 
24.806 
28.774 
33.538 
43.110 
54.708 
65.663 

PR6SSURE DROP AND LOSS COEFFICIENT VS 

TEST CCNDIIIONS 

RUN NL"8ER I 
IN HG TYPE F METERING RING 

ANNULLS CLEARANCE = 0.065 
ANNULLS AREA = 0.2265 SC IN 

DP34AV 
PSI 

0.124 
0.2/6 
0.448 
0.488 
0.504 
0.730 
0.890 
1.117 
1.221 
1.455 
1.746 
2.136 
2.547 
3.644 
5.003 
4.342 

C16 

1.512 
1.412 
1.525 
1.475 
1.444 
1.447 
1.445 
1.44 7 
1.420 
1.451 
1.464 
1.439 
1.465 
1.461 
1.454 
1.457 

RE1668 

3.059E 
4.406E 
5.260t 
5.9056 
6.586E 
7.3406 
8.0516 
8.4636 
9.0566 
9.571E 
1.0066 
1.0616 
1.1096 
1.1686 
1.2086 
1.2196 

04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
05 
05 
05 
05 
05 
05 

F68 

.0160 

.0129 

.0161 

.0160 

.0154 

.0152 

.0158 

.0150 

.0151 

.0156 

.0156 

.0153 

.0151 

.0152 

.0155 

.0152 

C83 

0.072 
9.973 
9.992 
9.816 
9.814 
0.0C8 
0.242 
0.492 
0.783 
1.254 
1.757 
2.195 
3.106 
4.993 
7.950 
1.032 

Re FOR Rev- 5 

DATe RUN OeCeM86R 13, 1963 
TYP6 B SPACeR PLAT6 
M6T6RING RING ARCA RATIO =.272 
METERING RING AREA = 0.0615 SQ IN 

RE83a4 

7.045E 
1.015E 
1.2UE 
1.360E 
1.5176 
1.6916 
1.854E 
1.9496 
2.086E 
2.2046 
2.3166 
2.4436 
2.555E 
2.6896 
2.7826 
2.8096 

04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

C84 

0.743 
0.736 
0.737 
0.724 
0.724 
0.738 
0.755 
0.774 
0.795 
0.830 
0.867 
0.899 
0.967 
1.106 
1.324 
1.551 

C34 

0.624 
0.663 
0.731 
0.638 
0.526 
0.600 
0.595 
0.667 
0.627 
0.645 
0.681 
0.720 
0.757 
0.881 
1.011 
0.730 

FLOW 
LB/S6C 

0.0552 
0.0794 
0.0949 
0.1061 
0.1182 
0.1318 
0.1445 
0.1517 
0.1619 
0.1714 
0.1799 
0.1900 
0.1980 
0.2091 
0.2155 
0.2178 



MASS FLOW VS PRESSURE DROP ANO LOSS COEFFtCIENT VS RE FOR REV- 5 

TEST CGNOiTIONS 

TEST NUMBER 4200 RU Nl iBER 3 DATE RUN JANUARY 20, 1964 
BAROMfcTRIC PRESSURE = 29.690 IN HG TYPt b METERING RING TYPE A SPACER PLATE 
METERING RING CLEARANCE = 0. ANNULLS CLEARANCE = 0.065 METERING RING AREA RATIO =.266 
EQUIVALENT OIAMETtR = 0.1145 ANNULLS AREA = 0.2070 SQ IN METERING RING ARtA = 0.0550 SQ I.M 

P I 
P S I 

120.0 
119.8 
120.0 
120.2 
120.0 
120 .1 
120.0 
120.0 
120.0 
120.0 
120.0 
120.2 
120.0 
120.0 

P3A 
PSI 

118.0 
114.0 
112.5 
110.0 
106.0 
102.5 
98 .8 
95 .2 
9 0 . 0 
84 .5 
8C.9 
73 .4 
55 .2 
44 .5 

P4 
PSI 

117.9 
113.9 
112.0 
109.8 
105.0 
102.0 

98-2 
95 .0 
89 .6 
84 .2 
80 .5 
72.8 
55.0 
44 .0 

P6A 
PSI 

120.0 
119.5 
119.5 
119.5 
118.9 
119.0 
118.7 
118.2 
118.0 
117.3 
117.2 
117.3 
117.0 
116.9 

PSA 
P S I 

120.0 
119.0 
119.0 
119.0 
118.0 
118.0 
117.5 
117.0 
117.0 
116.5 
116.4 
116.5 
115.5 
115.4 

0P16A 
PSI 

0.35 
0 .74 
0 .93 
1.23 
1.57 
1.92 
2.2i 
2.43 
2 .82 
3 .12 
3 .29 
3.54 
3. 78 
3.78 

DP6A6B 
PSI 

0.007 
0 .011 
0 .013 
0 .018 
0 .025 
0 .027 
0.032 
0 .032 
0.025 
0 .029 
0 .029 
0.045 
0.052 
0 .049 

OPciaA 
PSI 

0.074 
0.172 
0.187 
0 .270 
0.354 
0.418 
0 .491 
0.516 
0.589 
0.639 
0.663 
0 .761 
0.786 
C.810 

D!5dA8B 
PSI 

0 .011 
0.020 
0.025 
0 .029 
0 .034 
0 .051 
0.058 
0.065 
0 .081 
0 .096 
0.098 
0.105 
0.112 
0.112 

0P3A36 
PSI 

0 . 

-coo? 
- 0 . 0 0 4 

0.014 
0.036 
0.060 
0 .078 
0.087 
0.094 
0.C99 
0.092 
0.052 

-0 .C94 
-C.163 

DP8A4 
PSI 

2.60 
5.55 
7.10 
9.77 

12.94 
16.46 
19.97 
22 .69 
27.83 
32.74 
36.30 
43.75 
60 .56 
71 .47 

DP3A4 
PSI 

0 . 
0.025 
0 . 
0 . 
0.074 
0 .074 
0.098 
0.098 
0.108 
0.157 
0.172 
0 .196 
0 .221 
0.452 

0P8A3A 
PSI 

2.603 
5.477 
7.049 
9 .677 

12.845 
16.406 
19.869 
22.546 
27.006 
32.002 
35.504 
43.343 
60,364 
70.973 

DP44A 
PSI 

0.009 
0.025 
0.034 
0.047 
0.056 
0.065 
0.083 
0.087 
0.108 
0.123 
0.130 
0.163 
0.173 
0.033 

TR 
R 

522 .11 
520.98 
520.08 
520.08 
519.63 
519.o3 
519.40 
519.63 
518.05 
517.14 
516.69 
516 .01 
514.64 
b l 4 . 4 2 



MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 4200 
BAROMETRIC PRESSURE = 29.690 IN HG 
METERING RING CLEARANCE = 0. 
EQUIVALENT DIAMETER = 0.1145 

RUN NUMBER 3 
TYPE 8 METERING RING 
ANNULLS CLEARANCE = 0.065 
ANNULLS AREA = 0.2070 SC IN 

DATE RUN JANUARY 20, 1964 
TYPE A SPACER PLATE 
METERING RING AREA RATIO =.266 
METERING RING AREA = 0.0550 SQ 

IP16AV 
PSI 

0.361 
0.748 
0.946 
1.246 
1.597 
1.943 
2.267 
2.463 
2.850 
3.143 
3.320 
3.582 
3.835 
3. 831 

CP68AV 
PSI 

0.075 
0.176 
0.193 
0.276 
0.358 
C.429 
0.504 
0.532 
0.617 
0.672 
0.697 
0.791 
0.816 
0.842 

OP83AV 
PSI 

2.598 
5.463 
7.034 
9.669 
12.846 
16.411 
19.879 
22.557 
27.012 
32.003 
35.501 
43.317 
60.261 
70.836 

DP84AV 
PSI 

2.605 
5.558 
7.109 
9.792 
12.963 
16.473 
19.994 
22.724 
27.861 
32.781 
36.347 
43.814 
60.645 
71.490 

0P34AV 
PSI 

0.007 
0.046 
0.025 
0.024 
0.092 
0.087 
0.115 
0.118 
0.136 
0.198 
0.222 
0.291 
0.409 
0.604 

C16 

1.630 
1.603 
1.607 
1.590 
1.603 
1.593 
1.597 
1.587 
1.593 
1.598 
1.595 
1.582 
1.615 
1.605 

RE1668 

2.996E 
4.358E 
4.911E 
5.670E 
6.396E 
7.079E 
7.638E 
7.983E 
8.604E 
9.05CE 
9.310E 
9.735E 
9.994E 
1.003E 

04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
05 

F68 

.0130 

.0144 

.0124 

.0133 

.0136 

.0132 

.0133 

.0128 

.0129 

.0127 

.0125 

.0130 

.0127 

.0131 

C83 

1.730 
1.836 
1.972 
2.357 
2.819 
3.268 
3.798 
4.315 
5.172 
6.163 
6.945 
8.723 
4.666 
8.910 

RE8384 

6.946E 
I.OIOE 
1.138t 
1.314t 
1.483E 
1.641E 
1.770E 
1.850fc 
1.994E 
2.098E 
2.158E 
2.257fc 
2.317E 
2.324E 

04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

C84 

0.828 
0.835 
0.845 
0.872 
0.905 
0.936 
0.974 
1.010 
1.071 
1.141 
1.196 
1.321 
1.741 
2.040 

C34 

0.032 
0.093 
0.040 
0.028 
0.082 
0.062 
0.067 
0.061 
0.059 
0.074 
0.075 
0.083 
0.089 
0.111 

FLOW 
LB/SEC 

0.0543 
0.0788 
0.0887 
0.1024 
0.1155 
0.1278 
0.1378 
0.1441 
0.1550 
0.1628 
0.1674 
0.1748 
0.1791 
0.1796 



MASS FLOW VS PRESSURE DROP ANO LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 4300 RUN NUMBER 3 DATE RUN JANUARY 20, 1964 
BAROMETRIC PRESSURE = 29.720 IN HG TYPE C METERING RING TYPE A SPACER PLATE 
METERING RING CLEARANCE = 0. ANNULUS CLEARANCE = 0.065 METERING RING ARtA RATIO =.374 
EQUIVALENT DIAMETER = 0.1145 ANNULUS AREA = 0.2070 SC IN METERING Rl\& ARtA = 0.0775 SO IN 

PI 
PSI 

120.0 
120.0 
120.0 
119.9 
120.0 
120.0 
120.1 
120.0 
120.2 
120.0 
120.1 
120.0 
120.1 
120.0 
119.5 
119.9 

P3A 
PSI 

119.2 
117.0 
115.5 
114.0 
lU.O 
112.0 
110.0 
10/.5 
106.0 
103.1 
lOC.O 
96.7 
91.3 
86.5 
73.6 
57.8 

P4 
PSI 

119.0 
117.2 
115.5 
113.8 
113.0 
111.9 
109.9 
107.0 
105.8 
102.8 
99.0 
96.2 
91.0 
86.0 
75.0 
57,0 

P6A 
PSI 

120.0 
120.0 
119.7 
119.0 
119.0 
119.0 
119.0 
118,0 
118.3 
117.5 
117.3 
116.5 
116.2 
115.3 
114.0 
113.5 

P8A 
PSI 

119,6 
119,6 
119.2 
118.5 
118.5 
118.3 
118.0 
117.0 
117.3 
116.3 
116.2 
115.0 
114.9 
114.0 
112.5 
112.0 

0P16A 
PSI 

0.37 
0.79 
1.13 
1.33 
1,57 
1.77 
2,19 
2,53 
2,85 
3.^7 
3.68 
4,13 
4.81 
5.26 
6.12 
6,58 

0P6A6B 
PSI 

0.005 
0.009 
0.014 
0.018 
0.018 
0.U22 
0.023 
0.025 
0.016 
0.022 
0.029 
0.033 
0.060 
0.078 
0.083 
0.108 

0P6A8A 
PSI 

0.088 
0.157 
0.246 
0.295 
0.344 
0.303 
0.467 
0,516 
0.589 
0,688 
0.786 
0.884 
1.032 
1.154 
1.302 
1.375 

DP8A8B 
PSI 

0.014 
0.030 
0.038 
0.045 
0.052 
0,G6C 
0.0^^ 
0,085 
0,096 
O.UC 
0,130 
0.152 
0.170 
0-184 
0.228 
0.253 

0P3A38 
PSI 

0.005 
0.004 
0-007 
0.014 
0.014 
0.018 
G.C23 
C.034 
C.C43 
0.043 
0.049 
0.050 
0.049 
0.049 
0.C51 

-0.098 

DP8A4 
PSI 

1.28 
2.90 
4.22 
4.99 
5.97 
6.83 
8.60 

10.12 
11.79 
13.85 
16.58 
19.67 
24.17 
28.44 
37.54 
55.06 

DP3A4 
PSI 

0. 
0. 
0.025 
0.059 
0.069 
0.093 
C.098 
0.108 
0.123 
0.172 
0.187 
0.196 
0.221 
0.295 
0,418 
0,614 

DP8A3A 
PSI 

1.302 
2.898 
4.151 
4.912 
5.894 
6. ?29 
8.498 
10.011 
11.641 
13.655 
16.357 
18.911 
23,799 
27.497 
36.904 
54.258 

DP44A 
PSI 

0.014 
0.029 
0.036 
0.043 
0,054 
0.067 
0.079 
0.090 
0.108 
0,119 
0.137 
0.164 
0.188 
0.220 
0.191 
0.036 

TR 
R 

520.53 
519.13 
517.14 
515,78 
515.10 
514.42 
514.42 
513.51 
513.05 
512,60 
512,37 
511.92 
512.14 
512.37 
512.37 
511.69 



MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CCNOITIQNS 

TEST NUMBER 4300 
BAROMETRIC PRESSURE = 29.720 IN HG 
METERING RING CLEARANCE = 0. 
EQUIVALENT DIAMETER = 0.1145 

RUN NUMBER 3 
TYPE C METERING RING 
ANNULUS CLEARANCE = 0.065 
ANNULUS AREA = 0.2070 SC IN 

DATE RUN JANUARY 20, 1964 
TYPE A SPACER PLATE 
METERING RING AREA RATIO =.374 
MtTERING RING ARtA = 0.0775 SO 

IP16AV 
PSI 

0.374 
0.795 
1.144 
1.344 
1.590 
1.790 
2.209 
2.554 
2.865 
3.288 
3.713 
4.159 
4.873 
5.334 
6.199 
6.690 

CP68AV 
PSI 

0.093 
0.167 
0.257 
0.308 
0.361 
0.412 
0.491 
0.546 
0.630 
0.732 
0.837 
0.944 
1.087 
1.208 
1.374 
1.448 

0P83AV 
PSI 

1.298 
2.885 
4.135 
4.897 
5.8/5 
6.709 
8.473 
9.985 
11.614 
13.622 
16.316 
18.860 
23-738 
27-430 
36-815 
54.083 

DP84AV 
PSI 

1.282 
2.907 
4.238 
5.002 
5.992 
6.855 
8.627 

10.156 
11.834 
13.903 
16.632 
19.734 
24.245 
28.532 
37.610 
55.041 

DP34AV 
PSI 

0.009 
0.022 
0.053 
0.090 
0.112 
0.142 
0.154 
0.170 
0.195 
0.256 
0.281 
0.309 
0.359 
0.454 
0.579 
0.771 

C16 

1.715 
1.586 
1.587 
1-590 
1-578 
1.571 
1.572 
1.592 
1.558 
1.581 
1.553 
1.579 
1.588 
5,066 
1.644 
1.647 

RE1668 

2.985E 
4.542t 
5.475E 
5.945E 
6.5C5E 
6.928t 
7.699E 
8.240E 
8.837E 
9.402t 
1.C09E 
1.060t 
1.144E 
3.882E 
1.264E 
1.316E 

04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
05 
05 
05 
04 
05 
05 

F68 

.0162 

.0127 

.0135 

.0138 

.0135 

.0136 

.0131 

.0127 

.0128 

.0131 
-0130 
.0133 
.0130 
.1250 
.0133 
.0129 

C83 

5.859 
5.758 
5.816 
5.845 
5.860 
5.919 
6.014 
6.184 
6.270 
6.486 
6.722 
7.209 
7.550 
6-679 
9-411 
2.732 

RE8384 

5.230E 
7.958E 
9.592E 
1.042t 
1.140E 
1.214E 
1.349fc 
1.444t 
1.548E 
1.647E 
1.768E 
1.857E 
2.004E 
6.801E 
2-215E 
2-307E 

04 
04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
04 
05 
05 

C84 

0-821 
0-806 
0-815 
0-819 
0.821 
0.829 
0.842 
0.866 
0.878 
0.908 
0.941 
1.010 
1.057 
0.740 
1.318 
1.783 

C34 

0.040 
0.043 
0.071 
0.102 
0.105 
0.116 
0.100 
0.096 
0.094 
0.107 
0.100 
0.096 
0.091 
0.959 
0.103 
0.102 

FLOW 
LB/SEC 

0.0540 
0.0820 
0.0985 
0.1067 
0.1167 
0.1241 
0.1379 
0.1474 
0.1580 
0.1680 
0.1802 
0.1892 
0.2042 
0.0693 
0.2258 
0.2349 



MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 4400 
BAROMETRIC PRESSURE = 29.742 IN Ho 
METERING RING CLEARANCE = 0-0280 
EQUIVALENT DIAMETER = 0.1709 

RUN NUMBER 1 
TYPE C METERING RING 
ANNULUS CLEARANCE = 0-095 
ANNULUS AREA = 0-3115 SQ IN 

DATE RUN DECEMBER 1963 
TYPE A SPACER PLATE 
METERING RING AREA RATIO =-562 
METERING RING ARtA = 0-1750 SQ IN 

P I 
PSI 

110-5 
110.5 
l l O - O 
110-0 
110-0 
110.8 
109-8 
110.0 
110-0 
l lO -O 
110-0 
110.0 
110.0 
109.5 
110.0 
109.0 
109.0 
108.0 

P i A 
PSI 

110.0 
lOd .9 
107.5 
106.0 
105.5 
10'3.2 
103.5 
102.2 
100.5 

9^ .0 
9 / . 2 
94 .2 
8 J . 0 
83-5 
80-0 
74 ,4 
66-0 
55-5 

P4 
PSI 

110-0 
108-9 
107-5 
106-0 
105-8 
105-8 
103.5 
102.5 
100 .1 
9 9 . 8 
98 .2 
95 .5 
9 0 . 8 
87 .5 
82 .7 
77,5 
70-8 
6 2 , 0 

P6A 
PSI 

110.5 
110.2 
109.0 
108.5 
108.5 
109.0 
107.0 
107.0 
106.5 
105.2 
105,0 
104.0 
102.0 
100.5 

99 .8 
98 ,0 
97 .0 
95 .6 

P8A 
PSI 

110.5 
110-0 
109-0 
108.0 
108.0 
108.4 
106.5 
106.5 
105.5 
104.7 
104.0 
103.0 
100-2 

99 .0 
97 .5 
95-5 
94-0 
9 3,0 

DP16A 
PSI 

0-52 
1.03 
1.42 
1.87 
2 , 2 1 
2 . 5 1 
2 .96 
3 ,59 
4 .25 
4 ,75 
5 .55 
6 ,61 
8 ,30 
9 .23 

10 ,71 
11,72 
12 ,50 
12.92 

DP6A66 
PSI 

0 .004 
0 .009 
0 .014 
0 .016 
0 .022 
0 .020 
0 .007 
0 .014 
0 .042 
0 .052 
0.U60 
0 .067 
0,0 83 
0 ,065 
0 .123 
0 .116 
0 ,103 
0 . 0 8 1 

0P6A8A 
PSI 

0.098 
0.196 
0.295 
0.368 
0 .467 
0.516 
0,589 
0,712 
0,884 
0.982 
1.130 
1,366 
1,253 
1.940 
2.260 
2.456 
2.652 
2 .751 

0P8A8B 
PSI 

- 0 . 0 0 9 
- 0 . 0 1 6 
- 0 . 0 2 2 
- 0 . 0 2 7 
- 0 . 0 2 9 
- 0 . 0 3 4 
- 0 . 0 2 5 
- 0 . 0 0 7 
- 0 . 0 5 1 
- 0 . 0 5 4 
- 0 . 0 6 7 
-0 .0B7 
- 0 . 0 9 8 
- 0 . 1 1 9 
- 0 . 1 5 5 
- 0 . 1 6 4 
- 0 . 2 5 8 
- 0 . 2 6 7 

DP3A3B 
PSI 

0 .051 
0.087 
0 . 1 1 / 
0 .163 
0 .182 
0.213 
0.248 
0.287 
0.37C 
0.420 
0 .423 
C.562 
0.737 
0 .817 
0.898 
0.952 
0.945 
1.131 

DP8A4 
PSI 

0.54 
0 .96 
1.28 
1.69 
2 .06 
2 .87 
2 .82 
3 .41 
4 .22 
4 . 7 9 
5.76 
7.20 
9 .75 

11-49 
14-83 
17-93 
22-45 
30-97 

DP3A4 
PSI 

0-172 
0 -221 
0 .221 
0 .293 
0 .393 
C.467 
0 .516 
0.663 
0 .810 
0 .909 
1.056 
1.351 
1,867 
2 ,210 
2.898 
3.488 
4 .666 
6 .901 

DP8A3A 
PSI 

0.639 
1.154 
1.498 
1.989 
2 .456 
2.849 
3.340 
4 .077 
4 .986 
5 .673 
6 ,793 
8.473 

11.592 
13.631 
17,732 
21.465 
28.028 
37.538 

DP44A 
PSI 

0.004 
0.016 
0.025 
0.040 
0.049 
0 .051 
0 ,043 
0.045 
0 .051 
0 .069 
0,098 
0,079 
0.137 
0 .163 
0 ,224 
0,313 
0.423 
0.033 

TR 
R 

523.46 
524.13 
524.36 
522.78 
523.23 
522,56 
524.58 
522,56 
52 3,68 
521.88 
521,66 
521,88 
522.33 
523.23 
522.56 
521,21 
520,33 
519.40 

•> 
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MASS FLOW VS PRESSURE DROP ANO LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 4400 
BAROMtfRIC PRESSURE = 29.742 IN HG 
METERING RING CLEARANCE = 0.0280 
EQUIVALENT DIAMETER = 0.1709 

RUN NUMBER 1 
TYPE C METERING RING 
ANNULUS CLEARANCE = 0.095 
ANNULUS AREA = 0.3115 SQ IN 

DATE RUN DECEMBER 1963 
TYPE A SPACER PLATE 
METERING RING AREA RATIO =.562 
METERING RING AREA = 0.1750 SQ 

DP16AV 
PSI 

0.5X9 
1.041 
1.439 
1.882 
2.232 
2.525 
2.969 
3.623 
4.316 
4.834 
5.640 
6.710 
8.424 
9.339 

10.877 
11.878 
12.679 
13.077 

0P68AV 
PSI 

0.092 
0.184 
0.277 
0.347 
0.441 
0.489 
0.573 
0.701 
0.838 
0.929 
1.067 
1.289 
1.161 
1.848 
2.120 
2.316 
2.472 
2.576 

opesAv 
PSI 

0.668 
1.206 
1.568 
2.084 
2.562 
2.973 
3.477 
4.224 
5.196 
5.910 
7.038 
8.797 

12.010 
14.099 
18.259 
22.024 
28.629 
38.237 

DP84AV 
PSI 

0.546 
0.962 
1.282 
1.700 
2.067 
2.880 
2.832 
3.420 
4.251 
4.814 
5.776 
7.239 
9.782 
11.530 
14.857 
17.912 
22.426 
31.126 

DP34AV 
PSI 

-0.196 
-0.269 
-0.286 
-0.384 
-0.494 
-0.584 
-0.645 
-0.804 
-0.994 
-1.121 
-1.282 
-1.632 
-2.252 
-2.643 
-3.402 
-4.062 
-5.289 
-7.445 

C16 

1.429 
1.523 
1.551 
1.589 
1.594 
1.551 
1.593 
1.614 
1.592 
1.616 
1.614 
1.616 
1.651 
1.672 
1.695 
1.712 
1.700 
1.720 

RE1668 

5.507E 
7.539E 
8.763E 
9.939E 
i.oaoE 
1.170E 
I.240E 
1.369E 
1.501E 
1.583E 
1.712E 
1.865E 
2.065E 
2.152E 
2.315E 
2.405E 
2.499E 
2.519E 

04 
04 
04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

F68 

.0143 

.0152 

.0168 

.0164 

.0176 

.0167 

.0171 

.0173 

.0170 

.0170 

.0166 

.0167 

.0121 

.0174 

.0172 

.0172 

.0169 

.0172 

C83 

1.495 
1.394 
1.363 
1.409 
1.444 
1.726 
1.476 
1.471 
1.503 
1.535 
1.564 
1.632 
1.770 
1.879 
2.074 
2.286 
2.638 
3.571 

RE8384 

5.593E 
7.657E 
8.900E 
1.009E 
1.097E 
1.188E 
1.260E 
1.391E 
1.524E 
1.608E 
1.739E 
1.894E 

> 2.097E 
2.185E 
2.351E 
2.443E 
2.538E 
2.559E 

04 
04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

C84 

0.472 
0.440 
0.430 
0.445 
0.456 
0.545 
0.466 
0.464 
0.474 
0.485 
0.494 
0.515 
0.559 
0.593 
0.655 
0.721 
0.833 
1.127 

C34 

0.534 
0.385 
0.300 
0.313 
0.338 
0.342 
0.326 
0.333 
0.336 
0.340 
0.326 
0.340 
0.365 
0.377 
0.397 
0.414 
0.458 
0.549 

FLOW 
LB/SEC 

0.1008 
0.1382 
0.1606 
0.1818 
0.1976 
0.2139 
0.2275 
0.2503 
0.2748 
0.2891 
0.3126 
0.3407 
0.3775 
0.3938 
0.4232 
0.4389 
0.4555 
n.4585 



"ASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST i\UM8tR 4500 
BAROMETRIC PRESSURE = 29.730 IN Hi, 
METERING RING CLEARANCE = Q.0280 
EQUIVALENT ClAMET^R = 0.1709 

RUN NUMBER 1 
TYPE d METERING RING 
ANNULUS CLEARANCE = 0.095 
ANNULUS AREA = 0-3115 SQ IN 

DATE RUN DECEMBER 18, 1963 
TYPE A SPACER PLATE 
METERING RING AREA RATIO =.490 
MtTERING RING ARtA = 0.1525 SQ IN 

P I 
PSI 

110.0 
110.0 
110.0 
110.3 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
112.0 
110.0 
110.2 
110.5 
111.0 
109.8 
109.0 

P3A 
PSI 

108.5 
107.5 
106.0 
105.0 
104.5 
103.0 
102.0 
99.8 
97.0 
93.7 
90.2 
88.2 
34.2 
81.0 
78.0 
72.0 
64.2 
59.0 

P4 
PSI 

109.0 
107.5 
106.5 
105.8 
104.3 
104.0 
102.8 
100-8 
98-5 
95.6 
92.7 
91.5 
87.5 
85.1 
82.5 
77.5 
71.0 
66.5 

P6A 
PSI 

110.0 
109.5 
109.0 
109-0 
108.7 
108.1 
108.0 
107.0 
1C6.5 
105.0 
104.5 
104.7 
103.5 
103.2 
103.0 
102.8 
lCC-8 
100-0 

P8A 
PSI 

110-0 
109-3 
108.8 
108.8 
108.2 
107.5 
107.2 
106.3 
105.5 
104.2 
103-5 
104-6 
102-5 
102-0 
101-0 
101-0 
99,0 
98,0 

0P16A 
PSI 

0.54 
1-03 
1-42 
1.78 
2.05 
2.38 
2.80 
3.39 
4.19 
4.94 
5,75 
6.36 
6.90 
7,44 
7,96 
8.69 
9.26 
9-38 

0P6A6B 
PSI 

0-004 
0-007 
0-007 
0-007 
0. 
0.007 
0.010 
0.045 
0.025 
0.038 
0.054 
0.052 
0.058 
0-070 
0.038 
0.058 
0.051 
0.043 

DP6A8A 
PSI 

0.098 
0.196 
0.285 
0.344 
0.393 
0.472 
0.540 
0.663 
0.786 
0.982 
1.179 
1-326 
1-424 
1.523 
1.646 
1-817 
1.916 
1-940 

DP8A8B 
PSI 

-0.011 
-0.022 
-0.029 
-0.036 
-0.042 
-0.058 
-0.072 
-0-083 
-0-090 
-0.125 
-0.181 
-0,220 
-0.112 
-0,199 
-0,217 
-0.238 
-0.289 
-0.294 

DP3A3B 
PSI 

0.034 
0.056 
0.083 
0.115 
0.132 
0.152 
0.184 
0.228 
0.267 
0.302 
0.356 
0-412 
C-421 
0-439 
0-'461 
0-490 
0-383 
0-325 

DP8A4 
PSI 

0-81 
1.52 
2.14 
2.73 
3.17 
3.71 
4.42 
5.45 
7.00 
8.60 

10-63 
12.98 
14.59 
16.73 
18.81 
23.14 
28.00 
31.73 

CP3A4 
PSI 

0.196 
0.393 
0.565 
0.712 
0.786 
0.909 
1.105 
1.351 
1.763 
2.137 
2.677 
3.316 
3.610 
4-126 
4-642 
5-747 
6.754 
7.515 

DP8A3A 
PSI 

0.982 
1.891 
2.677 
3.414 
3.930 
4.593 
5.492 
6.769 
8.7 34 
10-733 
13.287 
16.136 
18.150 
20.768 
23.406 
29.030 
34.836 
39.041 

0P44A 
PSI 

0.009 
0.020 
0.031 
0.036 
0.033 
0.022 
0.029 
0.011 
0.014 
0.018 
0.022 
0.033 
0.036 
0-025 
0-029 
0-069 
0-217 
0-314 

TR 
R 

527.50 
527.50 
527,05 
527,05 
525.93 
523.91 
525.48 
524.13 
523.68 
523.01 
523.91 
524,81 
523-68 
523.91 
523.Jl 
524,58 
523,63 
523.46 



MASS FLOW VS PRESSURE DROP ANO LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CCNOITIONS 

TEST NUMBER 4500 
BAROMETRIC PRESSURE = 29.730 IN HG 
METERING RING CLEARANCE = 0.0280 
EQUIVALENT DIAMETER = 0.1709 

RUN NUMBER 1 
TYPE B METERING RING 
ANNULUS CLEARANCE = 0.095 
ANNULLS AREA = 0.3115 SB IN 

DATE RUN DECEMBER 18, 1963 
TYPE A SPACER PLATE 
METERING RING AREA RATIO =.490 
METERING RING AREA = 0.1525 SQ IN 

DP16AV 
PSI 

0.544 
1.039 
1.432 
1.785 
2.053 
2.390 
2.810 
3.434 
4.215 
4.996 
5.823 
6.439 
6.987 
7.542 
8.029 
8.788 
9.348 
9.464 

DP68AV 
PSI 

0.091 
0.182 
0.267 
0.322 
0.372 
0.439 
0.499 
0.599 
0.728 
0.901 
1.061 
1.190 
1.340 
1.388 
1.518 
1.669 
1.746 
1.771 

DPe3AV 
PSI 

1.005 
1.930 
2.733 
3.489 
4.016 
4.697 
5.620 
6.924 
8.912 
10.946 
13.555 
16.452 
18.416 
21.087 
23.744 
29.394 
35.172 
39.350 

DP84AV 
PSI 

0.813 
1.527 
2.143 
2.735 
3.185 
3.742 
4.470 
5.520 
7.076 
8.703 

10.771 
13.154 
14.710 
16.893 
18.995 
23.304 
28.119 
31.793 

0P34AV 
PSI 

-0.217 
-0.428 
-0.615 
-0.779 
-0.855 
-0.980 
-1.184 
-1.438 
-1.871 
-2.243 
-2.809 
-3.460 
-3.756 
-4.277 
-4.799 
-5.942 
-6.970 
-7.763 

C16 

1.458 
1.515 
1.501 
1.472 
1.481 
1.504 
1.515 
1.530 
1.527 
1.543 
1.565 
1.566 
1.580 
1.584 
1.592 
1.598 
1.624 
1.628 

RE1668 

5.514E 
7.476E 
8.826E 
9.964E 
1.067E 
1.148E 
1.235E 
1.364E 
1.514E 
1.642E 
1.757E 
1.858E 
1.916E 
1.989E 
2.049E 
2.141E 
2.185E 
2.190E 

04 
04 
04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

F68 

.0138 

.0150 

.0158 

.0149 

.0150 

.0154 

.0150 

.0148 

.0145 

.0152 

.0155 

.0156 

.0163 

.0156 

.C160 

.0161 

.0160 

.0160 

C83 

2.168 
2.205 
2.216 
2.217 
2.253 
2.302 
2.346 
2.380 
2.462 
2.561 
2.734 
3.006 
3.1C4 
3.293 
3.480 
3.885 
4.450 
4.972 

RE8384 

5.606E 
7.602E 
8.974E 
1.013E 
1.085E 
1.167E 
1.256E 
1.386E 
1.539E 
1.670E 
1.787E 
1.889E 
1.948E 
2.023E 
2.084E 
2.177E 
2.221E 
2.226E 

04 
04 
04 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

C84 

0.520 
0.529 
0.531 
0.532 
0.540 
0.552 
0.563 
0.571 
0.590 
0.614 
0.656 
0.721 
0.744 
0.790 
0.835 
0.932 
1.067 
1.192 

C34 

0.573 
0.608 
0.622 
0.614 
0.585 
0.579 
0.593 
0.584 
0.602 
0.599 
0.631 
0.681 
0.667 
0.682 
0.699 
0.738 
0.761 
C-789 

FLOW 
LB/SEC 

0.1016 
0.1377 
0.1625 
0.1834 
0.1961 
0.2103 
0.2269 
0.2499 
0.2772 
n.3005 
0.3219 
0.3408 
0.3510 
0.3645 
0.3754 
0.3926 
0.4001 
0.4009 
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MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST NUM8tR 4600 
BAROMETRIC PRESSURE = 29,525 IN HG 
METERING RING CLEARANCE = 0.0630 
EQUIVALENT DIAMETER = 0.2355 

RUN NUMBER 1 
TYPt e METERING RING 
ANNULUS CLEARANCE = 0. 130 
ANNULUS AREA = 0.4334 SC IN 

DATE RUN DECEMBER 20, 1963 
TYPE A SPACER PLATE 
MtTERING RING AREA RATIO =.633 
METERING RING AREA = 0.2745 SO IN 

P I 
PSI 

1 0 9 . 5 
1 0 9 . 5 
1 1 0 . 0 
1 1 0 . 0 
1 0 9 . 5 
1 1 0 . 0 
1 1 1 . 0 
1 1 0 . 0 
1 1 0 . 0 
1 0 9 . 0 
1 0 0 . 0 
1 0 1 . 0 
1 0 0 . 0 
1 0 0 . 0 

9 9 . 5 
1 0 0 . 0 

P3A 
PSI 

1 0 8 . 0 
1 0 6 . 5 
1 0 6 . 3 
1 0 5 . 0 
1 0 4 . 0 
1 0 3 . 8 
1 0 3 . 2 
1 0 1 . 5 
1 0 0 . 0 

9 8 . 0 
8 6 . 8 
8 6 . 0 
8 3 . 5 
8 2 . 5 
3 0 . 5 
7 8 . 0 

P4 
PSI 

1 0 3 . 0 
1 0 6 . 8 
1 0 6 . 8 
1 0 5 . 5 
1 0 4 . 5 
1 0 4 . 5 
1 0 4 . 2 
1 0 2 . 5 
1 0 1 . 0 

9 9 . 5 
8 8 . 8 
8 8 . 0 
8 6 , 0 
8 5 . 0 
8 1 , 5 
8 2 . 0 

P6A 
PSI 

1 0 9 . 0 
1 0 8 . 5 
1 0 8 . 8 
1 0 7 . 5 
1 0 7 . 2 
1 0 7 . 5 
1 0 8 . 0 
1 0 6 . 5 
1 0 5 . 5 
1 0 4 . 5 

9 5 . 0 
9 5 - 0 
9 3 - 5 
9 3 - 0 
9 2 . U 
9 1 . 5 

P8A 
PSI 

1 0 9 . 0 
1 0 8 . 0 
1 0 8 . 5 
1 0 7 , 3 
1 0 6 . 8 
1 0 7 . 0 
1 0 7 . 1 
1 0 5 . 8 
1 0 5 . 0 
1 0 3 . 5 

9 3 , 5 
9 3 . 5 
9 2 , 2 
9 1 , 5 
9 0 , 5 
9 0 , 0 

DP16A 
PSI 

0 . 9 1 
1 - 5 5 
1 - 9 6 
2 - 3 8 
2 - 7 3 
3 - 0 2 
3 - 5 3 
3 - 8 8 
4 , 4 5 
4 . 9 4 
5 . 7 7 
6 . 3 9 
6 , 9 5 
7 , 3 7 
7 . 8 l 
8 , 4 7 

DP6A68 
PSI 

0 . 0 0 7 
0 . 0 1 4 
0 . 0 1 1 
0 . 0 1 8 
0 . 1 0 1 
0 . 1 2 3 
0 . 1 3 7 
0 . 1 4 8 
0 . 1 4 5 
0 . 1 7 3 
0 . 1 7 3 
0 . 1 9 1 
0 - 1 9 5 
0 . 2 1 5 
0 . 2 3 7 
0 . 2 5 5 

0P6A8A 
PS I 

0 . 1 4 7 
0 . 2 4 6 
0 . 2 9 5 
0 . 3 6 8 
0 . 5 3 0 
0 . 5 8 9 
0 . 7 3 7 
0 . 7 4 7 
0 - 8 3 5 
0 . 9 0 9 
1 . 0 7 1 
1 . 2 0 3 
1 - 3 0 2 
1 - 3 7 5 
1 - 4 7 4 
1 - 5 7 2 

0P8A8B 
PSI 

- 0 - 0 0 7 
- 0 - 0 1 1 
- 0 . 0 1 4 
- 0 . 0 1 4 
- 0 . 0 2 5 
- 0 . 0 2 3 
- 0 . 0 2 3 
- 0 . 0 4 0 
- 0 . 0 3 6 
- 0 . 0 4 7 
- 0 . 0 4 5 
- 0 . 0 4 3 
- 0 . 1 1 6 
- 0 - 1 1 2 
- 0 . 0 5 8 
- U . 0 4 9 

DP3A3B 
PSI 

C-C14 
0 - 0 2 2 
0 . 0 1 4 
0 . 0 1 4 
0 . 0 2 5 
0 . 0 2 9 
0 . 0 3 6 
0 . 0 3 6 
0 . 0 4 0 
0 - 0 4 9 
G.043 
0 . 0 5 1 
0 -C42 
C .C51 
C-C51 
0 - 0 4 7 

DP8A4 
PSI 

0 . 5 9 
1 . 0 3 
1 . 3 3 
1 . 6 7 
1 . 9 9 
2 . 2 3 
2 . 6 5 
2 . 9 5 
3 . 4 4 
3 . 8 8 
4 - 8 1 
3 - 5 6 
6 . 0 9 
6 . 5 7 
7 . 1 2 
8 . 1 6 

0P3A4 
PSI 

0 . 3 0 9 
0 . 5 1 6 
0 . 7 3 7 
0 . 8 3 5 
0 . 9 3 3 
1 . 1 0 5 
1 . 3 2 6 
1 - 3 5 1 
1 - 5 9 6 
1 - 8 1 7 
2 - 2 1 0 
2 - 0 6 3 
2 - 7 0 2 
2 - 8 9 8 
3 . 0 8 5 
3 . 4 8 8 

0P3A3A 
PS I 

0 . 9 0 9 
1 . 5 3 3 
2 . 0 6 3 
2 . 5 1 5 
2 . 9 2 3 
3 . 3 4 0 
3 . 9 5 4 
4 . 3 2 3 
5 . 0 1 0 
5 . 6 9 8 
6 . 9 7 5 
7 . 9 8 2 
8 . 7 4 3 
9 . 4 0 6 

1 0 - 2 1 7 
1 1 . 5 6 8 

0P44A 
PSI 

0 . 0 1 4 
0 . 0 1 4 
0 . 0 1 8 
0 . 0 2 2 
0 . 0 3 6 
0 . 0 5 1 
0 . 0 7 2 
0 . 0 7 2 
0 . 0 7 2 
0 . 0 9 4 
0 - 0 9 0 
0 . 0 9 4 
0 - 1 0 1 
0 . 0 8 7 
0 . 0 9 4 
0 . 0 9 4 

TR 
R 

515.iZ 
5 1 4 . 1 9 
5 1 4 . 1 9 
5 1 3 . 2 8 
5 1 3 . 7 3 
5 1 3 . 5 0 
5 1 3 . 0 5 
5 1 2 . 5 9 
5 1 1 . 6 8 
5 1 1 . 6 8 
5 1 1 . 6 8 
5 1 1 . 4 6 
5 1 1 . 4 6 
5 1 1 . o 8 
5 1 1 . 6 8 
5 1 1 . 6 8 



MASS FLOW VS PRESSURE DROP ANO LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CCNOITIONS 

TEST NUMBER 4600 
BAROMETRIC PRESSURE = 29.525 IN HG 
METERING RING CLEARANCE = 0.0630 
EQUIVALENT DIAMETER = 0.2355 

RUN NUMBER 1 
TYPE B METERING RING 
ANNUUUS CLEARANCE = 0. 130 
ANNULUS AREA = 0.4334 SC IN 

DATE RUN DECEMBER 20, 1963 
TYPt A SPACER PLATE 
METERING RING AREA RATIO =.633 
METERING RING AREA = 0.2745 SQ IN 

0P16AV 
PSI 

0.916 
1.562 
1.976 
2.400 
2.827 
3.168 
3.691 
4.058 
4.621 
5.150 
5.991 
6.626 
7.206 
7.668 
8.141 
8.823 

0P68AV 
PSI 

0.140 
0.233 
0.282 
0.352 
0.467 
0.516 
0.656 
0.653 
0.745 
0.799 
0.962 
1.086 
1.146 
1.212 
1.326 
1.420 

DP83AV 
PSI 

0.920 
1.549 
2.077 
2.529 
2.948 
3.366 
3.984 
4.360 
5.048 
5.746 
7.019 
8.029 
8.822 
9.488 
10.271 
11.616 

DP84AV 
PSI 

0.603 
1.048 
1.347 
1.694 
2.027 
2.280 
2.712 
3.016 
3.506 
3.971 
4.904 
3.646 
6.210 
6.685 
7.218 
3.259 

DP34AV 
PSI 

-0.307 
-0.516 
-0.731 
-0.825 
-0.921 
-1.086 
-1.296 
-1.319 
-1.567 
-1.774 
-2.165 
-2.026 
-2.661 
-2.867 
-3.044 
-3.454 

C16 

1.270 
1.304 
1.280 
1.290 
1.312 
1.304 
1.312 
1.328 
1.343 
1.340 
1.362 
1.351 
1.391 
1.417 
1.437 
1.452 

RE1668 

1.086E 
1.403E 
1.596E 
1.757E 
1.885E 
2.006E 
2.170E 
2.255E 
2.399E 
2.525E 
2.601E 
2.760E 
2.825E 
2.885E 
2.946E 
3.058E 

05 
05 
05 
05 
05 
05 
05 
05 
OS 
05 
05 
05 
05 
05 
05 
05 

F68 

.0151 

.0151 

.0141 

.0146 

.0166 

.0163 

.0178 

.0162 

.0164 

.0156 

.0163 

.0164 

.0163 

.0164 

.0171 

.0169 

C83 

0.828 
0.862 
0.857 
0.890 
0.916 
0.911 
0.931 
0.950 
0.975 
0.984 
1.048 
0.694 
l.Ill 
1.140 
1.168 
1.238 

RE8384 

1.104E 
1.427fc 
1.623E 
1.786E 
1.916E 
2.040E 
2.206E 
2.293fc 
2.439E 
2.567E 
2.644E 
2.806E 
2.872E 
2.933t 
2.995E 
3.109t 

05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

C84 

0.332 
0.346 
0.344 
0.357 
0.367 
0.365 
0.373 
0.381 
0.391 
0.394 
0.420 
0.278 
0.446 
0.457 
0.469 
0.496 

C34 

0.419 
0.419 
0.457 
0.425 
0.406 
0.422 
0.430 
0.400 
0.417 
0.418 
0.432 
0.357 
0.437 
0.445 
0.444 
0.460 

FLOW 
LB/SEC 

0.1983 
0.2558 
0.2910 
0.3199 
0.3433 
0.3654 
0.3950 
0.4102 
0.4357 
0.4586 
0.4723 
0.5011 
0.5128 
0.5240 
0.5350 
0.5554 



MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CCNOITIONS 

TEST ..UMBtR 4700 RUN NUMBER 1 DATE RUN DECEMBER 20, 1963 
BAROMETRIC PRESSURt = 29.470 IN H^ TYPE C METERING KING TYPE A SPACfcR PLATE 
METERING RING CLEARANCE = 0.0o3U ANNULUS CLEARANCE = 0.130 METERING RING AREA RATIO =.685 
EOUIVALENf DIAMETER = 0.2355 ANNULUS AREA = 0.4334 SC IN METERING RING AREA = 0.2969 SQ IN 

PI 
PSI 

110.0 
109.5 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.5 
100.9 
100.8 
100.0 
100.5 
100.5 
100.0 
97.0 
93.2 

P3A 
PSI 

108.5 
107.0 
107.0 
106.2 
105.2 
104.5 
103.8 
103.0 
102.6 
90.3 
89.9 
87.8 
8/.5 
86.5 
64.5 
79-5 
'3-5 

P4 
PSI 

108-5 
107-0 
107.0 
106.5 
105.5 
105.0 
104.0 
103.5 
103.5 
92-0 
91-0 
89-0 
89-0 
83-0 
86-5 
81-5 
76.0 

P6A 
PSI 

109.3 
108.0 
108.5 
108.0 
107.5 
107.0 
106-5 
106.3 
106.5 
95.8 
95.3 
93.5 
94.2 
93.5 
92.5 
88.5 
83.5 

P8A 
PSI 

109.3 
107.7 
108.2 
107.5 
107.0 
106.5 
106.0 
105.5 
105.5 
95.0 
94.4 
92-5 
92.9 
92.3 
91.0 
87.0 
82.0 

DP16A 
PSI 

0.93 
1.47 
1.84 
2.36 
2.82 
3.32 
3.71 
4.13 
4-57 
5.67 
6-19 
6-51 
7.02 
7-59 
8-06 
8-99 
9.73 

DP6A6B 
PSI 

0. 
0. 
0.005 
0.013 
0.029 
0.036 
0.036 
0.033 
0.027 
0.036 
0.036 
0.036 
0.045 
0.033 
0.036 
0.040 
0.168 

DP6A8A 
PSI 

0.147 
0.236 
0.295 
0.363 
0.442 
0.516 
0.589 
0.639 
0.712 
0.884 
0.982 
1.056 
1.105 
1.203 
1.277 
1.449 
1.719 

0P8A8B 
PSI 

-0.007 
-0.014 
-0.018 
-0.014 
-0.018 
-0.009 
-0.022 
-0.014 
-0.022 
-0.047 
-0.033 
-0.045 
-0.042 
-0.036 
-0.022 
-0.022 
-0.036 

DP3A3B 
PSI 

0.011 
0.009 
0.011 
0.005 
0.004 
0.020 
0.C36 
0.038 
0.045 
0.058 
0.069 
0.054 
0.081 
0.079 
0.058 
0.072 
0.065 

DP8A4 
PSI 

0.42 
0.64 
0.81 
1.06 
1.28 
1.50 
1.69 
1.89 
2.11 
2.78 
3.12 
3.27 
3.63 
4.03 
4.35 
5.11 
5.87 

DP3A4 
PSI 

0.196 
0.270 
0.393 
0.516 
0.639 
0.737 
0.835 
0.933 
1.081 
1.424 
1.547 
1.572 
1.768 
1.965 
2.112 
2.407 
2.652 

DP8A3A 
PSI 

0.688 
0.933 
1.253 
1.572 
1.891 
2.260 
2.530 
2.824 
3.193 
4.151 
4.617 
4.838 
5.354 
5.944 
6.361 
7.515 
8.522 

0P44A 
PSI 

0.029 
0.043 
0.058 
0.072 
0.094 
0.116 
0.116 
0.145 
0.148 
0.181 
0.191 
0.188 
0.220 
0.235 
0.238 
0.249 
0.232 

TR 
R 

515.10 
516.67 
516.00 
515.77 
514.86 
513.96 
515.09 
514.86 
514.63 
513.73 
513.27 
513.95 
513.50 
513.27 
513.27 
513.49 
512.81 

•> 

TT 
S2 

P 
w 

o 
2 
^ 

(D 



MASS FLOW VS PRESSURE DROP ANO LOSS COEFFICIENT VS RE FOR REV- 5 

TEST CONDITIONS 

TEST NUMBER 4700 
BAROMETRIC PRESSURE > 29.470 IN HG 
METERING RING CLEARANCE « 0.0630 
EQUIVALENT DIAMETER » 0.2355 

RUN NUMBER 1 
TYPE C METERING RING 
ANNULUS CLEARANCE » 0.130 
ANNULUS AREA » 0.4334 SQ IN 

DATE RUN DECEMBER 20, 1963 
TYPE A SPACER PLATE 
METERING RING AREA RATIO -.685 
METERING RING AREA = 0.2969 SQ IN 

DP16AV 
PSI 

0.933 
1.474 
1.847 
2.370 
2.877 
3.379 
3.772 
4.190 
4.629 
5.756 
6.273 
6.593 
7.122 
7.682 
8.176 
9.125 
9.988 

DP68AV 
PSI 

0.144 
0.229 
0.283 
0.350 
0.419 
0.493 
0.561 
0.615 
0.688 
0.843 
0.948 
1.015 
1.062 
1.169 
1.248 
1.418 
1.617 

DP83AV 
PSI 

0.697 
0.945 
1.267 
1.582 
1.902 
2.274 
2.559 
2.851 
3.226 
4.203 
4.668 
4.888 
5.415 
6.001 
6.401 
7.562 
8.573 

0P84AV 
PSI 

0.455 
0.675 
0.889 
1.146 
1.390 
1.626 
1.839 
2.049 
2.283 
2.948 
3.349 
3.506 
3.895 
4.307 
4.630 
5.417 
6.214 

0P34AV 
PSI 

-0.168 
-0.246 
-0.329 
-0.435 
-0.537 
-0.624 
-0.719 
-0.802 
-0.943 
-1.304 
-1.368 
-1.382 
-1.569 
-1.743 
-1.869 
-2.146 
-2.359 

C16 

1.287 
1.313 
1.276 
1.310 
1.336 
1.337 
1.347 
1.353 
1.337 
1.359 
1.366 
1.293 
1.386 
1.399 
1.430 
1.460 
1.503 

RE1668 

1.092E 
1.350E 
1.539E 
1.721E 
l.a82E 
2.044E 
2.146E 
2.258E 
2.394E 
2-549E 
2.657E 
2.784E 
2.805E 
2.901E 
2.954E 
3.046E 
3.092E 

05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

F68 

.0154 

.0158 

.0151 

.0149 

.0149 

.0149 

.0152 

.0151 

.0150 

.0148 

.0153 

.0147 

.0152 

.0156 

.0159 

.0164 

.0173 

C83 

0.622 
0.593 
0.604 
0.620 
0.628 
0.623 
0.634 
0.636 
0.631 
0.656 
0.683 
0.642 
0.704 
0.724 
0.743 
0.785 
0.835 

RE8384 

1.109E 
1.371E 
1.563E 
1.748E 
1.912E 
2.076E 
2.179E 
2.293E 
2.431E 
2.588E 
2.698E 
2.828E 
2.848E 
2.946E 
3.000E 
3.093E 
3.140E 

05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 

084 

0.292 
0.278 
0.283 
0.291 
0.295 
0.292 
0.297 
0.299 
0.296 
0.308 
0.321 
0.301 
0.330 
0.340 
0.349 
0.368 
0.392 

034 

0,229 
0.214 
0.221 
0.232 
0.239 
0.235 
0.243 
0.243 
0.254 
0.279 
0.267 
0.241 
0.269 
0.276 
0.282 
0.288 
0.289 

FLOW 
LB/SEO 

0.1993 
0.2470 
0.2813 
0.3146 
0.3435 
0.3726 
0.3917 
0.4120 
0.4366 
0.4643 
0.4836 
0.5074 
0.5108 
0.5282 
0.5378 
0.5547 
0.5625 

td 

3 
CF I a 
p. 




