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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 temperature 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.l

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 lLoss 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 rectangular
channel which corresponds in length and width to the .080-inch channel cut
into the base and which are .0l15 and .050 inch, respectively. The last plate
has a stepped-up configuration of .0l5-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 symmetry 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.
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For the air tests, data was obtained for all metering ring and cover
plate combinations. However, since the hydrogen 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 3/16-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 P1, Pyp, and P (see Figure 1). The pressure in the annulus just down-
stream of the inlet plenum was given by taps P6A and Pgp and the differential
pressure between this point and the inlet plenum was taken from taps P; and Pgy.
The pressure in the annulus upstream of the metering ring was measured by taps
Pgy and Pgp, and the differential pressure in the 3-inch annular section was
read as Pgp - Pgp. The exhaust plenum pressure was determined using taps PA’
Pyps and P,g. The pressure drop across the metering ring was measured using
taps P8A and Ph'

While testing with hydrogen 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 Pgp, from P4¢p to Pgp, and from
Pgp to P;. During all tests the inlet and exhaust plenum temperatures were
measured and flow rates were determined using calibrated nozzles made to ASME

specifigcations.
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TA

Energy Act - 1954

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

1
i = Oph 2k8}DSAP5A(Rz/k _ Rk+1/k) 2

(k-1) (1 -p 2g 2/ky

where

W = mass flow (1b/sec)

nozzle discharge coefficient (0.98)

(9}
()
|

nozzle area (1 in.diam.)

RSO Sd,
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/3 = area ratio (nozzle area to pipe area) (0.49421)
g = gravitational constant (32.17 ft/secz)

k = specific heat ratio (1.4 for air)

R = pressure ratio = PA/P5A

P, = atmospheric pressure (psi)

PsA = absolute pressure at inlet of the flow measuring
nozzle (psia)
T5y = air temperature at inlet of the flow measuring nozzle (°R)

/DSA = density at P, and Tz (1b/cu ft)

5A
! The hydrogen flow rates were computed from a sonic orifice flow meter from

the formula

Vr o

where

jae)
1

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.

=GO ——,
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The loss coefficients were given by

where

The friction factor

where

0.44686 P AP a2

2

W

loss coefficient

density evaluated at upstream conditions using Perfect
Gas Law for the air tests or a properties subroutine
for the hydrogen tests (1b/ft>)

average pressure drop across the component (psi)

geometrical flow area (in.<)

was computed using

0.44686 PN\ p 4?

W2 L

friction factor

equivalent diameter (in.), 4 A
P
W

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
/1 A
where
Re = Reynolds number

]

u

absolute viscosity (1b/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~) hydrogen 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 during the test.

Appendix B contains the computer output for the reworked air data.
A11 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 coefficlient from the inlet plenum to
the simulated annulus is plotted in Figures 5-8. Figure 5 shows the variation
of the less 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 annulus 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 numbsr through the metering ring. The same ring and clearance con-

figurations 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

QO DN 4
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bolting meterial 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 accounted for
in the analysis. Another variable was discovered when 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, measurement 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.

e
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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 resulis 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 number range over which 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 why this
should occur; 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 which were measured to + 0.2 psi.
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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,2 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 the 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 reported3
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
annulus configuration, a factor of about 0.023 occurred most frequently fcr

L

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.

L Amatangelo, p.31.

11



]

®Asrranuc/§ar

WANL-TME-826

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,6 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 0.0l5-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.

5 Amatangelo, pp.32-33.
Amatangelo, p.1ll.
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CONCLUSIONS

The loss coefficients obtained for the metering ring are as follows:

Metering Metering Ring
Ring Annulus Fluid Re No Range Loss Coefficient

A 80 air 6x104 to 9x104 0.58

D 80 air 4x10% to 9x104 0.73

A 77 hydrogen 9x10% to 20x104 0.74

D 77 hydrogen 1.5x10° to 75x10° 0.85

A 130 air 1.1x10° to 2.0x105 '0.34

D 130 air 1.1x105 to 2.0x105 0.48

A 127 hydrogen 1.1x10° to 2.5x10° 0.27

D 127 hydrogen 1.1x10° to 2.5x10° 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 hydrogen testing may be avoided when loss coefficients for these

types of geometries are to be determined.

13
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Inner Impedance Ring Fixture
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Metering Ring Type D, E, or F

Metering Ring Type "X" Dimension (in.)
A and D 1.7435
B and E 2.000
C and F 1.500
Figure 3

Metering Ring Cross Sections and Dimensions
of Various Types
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Figure 7
Inlet Loss Coefficient vs Reynolds Number
For Type A Metering Ring, .080 and .130 inch Annulus

ww

%

*

Air and Hydrogen

20

¢



¥
¢

@N_&S:en\i

WANL~-TME-826

THIEETT

K
X A

.
E
a
-

pioe

-
o

o PHTHTHEL
BT

T

T
)

I

By : : H : e

A coty oAb 1 H i Hisi jit TEEEERTE

3 I8 Jo ol e o T % 5 23235 T SSECEFESAER
A L b 2 £ e b 222t £EH £t £

T
ate

.C8C
Ry
.130

L1360
1
'
vs
T
T
1
1
S
1
T
T
.
T
H
It
T
T

Annulas

bol
ey
HHd
1T
=
o
:
:
:
;
T
!
:

X
|
T
T
Tt
T
t
Tt
T
T
i
va:
T
T
+
T
="
1t
s
T
T
1
T
1
T
+
=
T

Y
]
T
1

)
1
T
T

at
T

T

I
T
Bt
T
T
A
X

=
T
—
.
=

FAY S S
3
at
T

T
1
T
T
T
'
s

105
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For Type D Metering Ring, .080 and .130 inch Annulus
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Metering Ring Loss Coefficient vs Reynolds Number
For Type D Metering Ring, .080 and .130 inch Annulus
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INPUT TAPE

A

B

CMR

D

DE
DP11A
DP11B
DP15A
DP15B
DP16A
DP16B
DP5A8A
DP5B8B

DP8AL

DP8BL

DPLAL

DPLBL

DPL4

APPENDIX A

COMPUTER PROGRAM NOMENCLATURE
HYDROGEN DATA

Width of annulus (3.487 inches)

Length of raised portion of metering

Metering Ring Clearance

Annulus clearance

Equivalent diameter of annulus

Differential pressure between Pl

Differential pressure
Differential pressure
Differential pressure
Differential pressure
Differential pressure
Differential pressure
Differential pressure
Differential pressure
from P8A to PL

Differential pressure
from P8B to P4

Differential pressure
Differential pressure

Differential pressure

between

between

between

between

between

Pl

Pl

Pl

Pl

Pl

and

and

and

and

and

and

o GE%ﬂSﬂUﬂUCk%V

WANL-TME-826

ring

P1A
P1B
P5A
P5B
P6A

P6B

between P5A and P8A

between P5B and P8B

across metering ring measured

across metering ring measured

between PLA and P4

between PLB and P4

between P1 and P4

26

‘ﬂ'

B,



E

PBAROM
Pl

P4

P6A

P7

P8A

T1

T2

T5

OUTPUT TAPE
C8LAA
C8LMRA
DP16AV
DP58AV
DP68AV
DP8LAV
FLOW

F68

P1AB

P6AB

P8AB

r3

ngﬂsnvnucﬁ;n

WANL-TME-826

APPENDIX A (Continued)

Height of step in metering ring (0.038 inches)
Atmospheric pressure

Pressure at inlet plenum

Pregsure in exhaust plenum

Pressure in annulus downstream of the inlet plenum
Pressure at the inlet of the flow measuring nozzle
Pressure just upstream of the metering ring
Millivolt reading inlet plenum thermocouple
Millivolt reading exhaust plenum thermocouple

Millivolt reading at the inlet of the flow measuring nozzle

Metering ring loss coefficient based on annulus area
Metering ring loss coefficient based on metering ring area
Average differential pressure measured from Pl 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 PL

Flow rate

Annulus friction factor

Absolute pressure at inlet plenum

Absolute pressure downstream of inlet plenum

Absolute pressure upstream of metering ring

27



RE18

RE8L

RO15
RO68
RO8L
TR
TR1
TR2

VIS8L

CO

REST

Atomic

]
Gg%ﬂSWUﬂUCh%%;

lli WANL-TME-826

APPENDIX A (Continued)

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

Hydrogen density at the inlet plenum, based on P1AB
Hydrogen density in the annulus, based on P6AB
Hydrogen density upstream of metering ring, based on P8AB
Average hydrogen temperature in the test fixture
Hydrogen temperature at the inlet plenum

Hydrogen temperature at the exhaust plenum

Average viscosity of the hydrogen flowing through the

impedance ring based on P8AB

TIAL
ED DATA 28
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ToWr{k)=4i2ec . 2+45.02-28R-1,.0/038% e 240.1433,4rR8%34C,..254))0% . #eb “/1T/64 Pior L

TEMPH{ W) =4 12.002+%40.00/2%R— 1.6 /o088 exea2+0,14385#xkee3+0.02547 I ennl
[#0.002020%R#25-0, 00 lounlexo
DLmENSTON P1L20)4D2LLal28),02113120),0°21A15(20),0P15A120),0215R({2C
LY yUPLnA{c0) o016 (20)99P2A0A(20),0P208ul20)yuPuAa(23),0P304(23),
QUPaA4{20) 30P434(20) 43P0 (27)430PL4(20)4TR{2.),FLOV{20),0P15.V(20)
3,DPH3AV(20),0P03AVI2Y),D234AV{I20) 3C12(20),F52{20),F63(20),04346A00(20
41 9 CRAMLA{ 20y VISLI(20) 3k 1B8(20),VISB4(20),41kER4(20),40(4),
2)216Aav{20),Cl6(20)
30 READ 1 UPUT TAPL 2,314 {RI([)s1=144)4THMR,T>P
L FORMAT({42A6,43,A3)
READ INPUT TAPL Ly 2,FLIATYZPHAROM, TNU <MDy TMR 3y 840,kb40EF
2 FOxMAT(obz12.4)

zO>
wpr
& o

>

J=rLOATY -
NOT=TH5 g
IR =N =
PAZPRAROM®I.4 )12 =
IFIDIF) 50,20,51 Lt

50 AA=A%0D-U.019S -
DE=2.0%(1#D=C.Ul92)/1A+D+0.067) e

50 TO 52 I

51 AA=AsD g
DE=2.us{A%UL)/(A+D) ct

52 AMRA=(B%CMR)+{CAR+E)} #(A-8) =y
00 200 =1, 12 =
RCAD INPUT TAPE 5,3,PL(1),UPLSA(L),DPLoB(I},0P16A11),DP16B(1), 2

—

LDPHABA({),DP5338(1),0P4A4 (1) ,0P884(1),P7,T1,72,T5
3 FORMAT{oE12.4)

TRL=Te*PF(TL)

TR2=TEHPF(12) s

TRIIN=(TR1+TR2)/2.0

FLOWI1)=0,0C962#(PT+PA)/SGRTFLTEMPELTS))

DPLSAV(I)=(DPLoA(1}+DP15LI1) /2.0

DP16AVII)=(D016A(1)+UPL6LI{I))/2.0

DPSBAVII)=(DPSASA(L}+LP5B8u(1))1/2.0

DP6RAVIL)=(DPSAPA(L)+UP5BILII)+DPLSALT)+DPLSBLI}~DPL6A(I)~DPLOBIT)

11720 = @
DP34AVI1)={DP3a4(1)+DPIB4(1))/2.0 -
PLAB=PL{1)+P1 & EE>>
P5AB=PLAB=DPI>AVII) H S
POAR=PIAB~UPSEAV( 1) +DPuBAVII) 3 S

& P3AB = P3AB - UPS3IAVII) 43 R
CALL PRPSITRII) yPLAD,«25,RULSHXySXyXX) o 5}
CALL PRPS(TRT),PSAT,a25,RUSByHXySKeAX) -

i(;
¢1
z

L



o¢

FEMPH{<)=432.0U2¢46.60225R-1.636325<+%2+0.143854rR#x3+40.02547)%a84

CALL O+PS{T{I},P6AL,;+25,R" 6%, HX,SXyXX)
CALL PRPOITRII}4P%405.25,3834,HK3SXXX)
Cloll)=0.44630+k01>+DP15AV(I)*AAs2/(FLOW{]))»%2-1.0-.0255/0E
Cloll)=u.a46868015#DP16AV(1)sAA#»22/(FLOW(L))n=2
F56(1)1=0.071504R0LS5P#DPLBAV{)I#AA«#22DE/(FLNW(]) )we2
F68{I1)=0.148)5%06020P68AV(I)®AA%=28DE/ (FLOW(T))ne?2
C84AAL]1)=0.466364R0N34#DP34GAVI]) #AARS2/FLOW(])ws2
CB4MRA(I)=0.44686#R084#DPB4AVII) s AMR##2/FLOW(])we2
v=1.0/R084
VISB84(I)=HMU(PBAB,V,TR{1),0)
REIB(I)=FLOW(I)*0Ee]12.0/(VISB4(1)=AA)
IFICHR) 40,40,22
40 IF(DEF) 31,31,32
31 REB4({1)=48.000sFLOn(I)/{VISBL(I)n(4.0nE+2.0%{A-8B)))
GO TO 200
32 REB4(1)=43.000«FLOWII}/(VISB84{I)*{2.0#E+2.0%(A~-B)))
GO TO 200
22 IF(DEF)1000,1000,1001
1000 REZ4(1)=48.0COFLOWII)/(VIS34(])2{2.2A+2,.¢CMR+4.#E))
GO TO 200
10C1 REB4(I)=4B.CO0FLOWIT)/(VISB4(I)a(2.2A+2_ 2CMR+2,2C})
200 CONTINUE
ARMR=AMR/AA
WRITE OUTPUT TAPE 6,35,NOTyNORG(RD(I)}yI=14%),PBAROMyPA,TMR,yTSP,CMR,
10, ARMR,DE» AA, AMR
S FORMAT(1H1///31X448HC1-2 [INNER [IMPEDANCE RING LOSS COEFFICIEN
1TS//4TXs 16HTEST CONDITIONS//5X,12HTIST NUMBER,18,20X,11HRUN NUM
2BERy IS5y 14X IHDATE RUN,4AH/5X,y 12HBAR. PRESS.=yF6.23TH IN HG=,Fb6.2,
35H PSI1A,4X,4HTYPE,A3, L3HMETERING RING. 10Xy 4HTYPE,A3, 12HSPACER PLAT
4E/S5X 9 24HMETERING RING CLEARANCE=,F7.4, 9X,18HANNULUS CLEARANCE=,F6
94396Xy25HMETCRING RINL AREA RATIO=,F5.3/5X,20HEQUIVALENT DIAMETER=
69F Ty 13Xy 13HANNULUS AREA=,FT.4,6H SQ [INy4&X,19HMETERING RIIG AREA=
ToFT.45,6H SQ IN//5X,y JIHPRESHURES IN PSIG, PRESSURE  LROUPS IN
cP51ID, TEiPSRATURE ! DEG.R, FLOW RATE IN  Ln/SE,the//)
WRITS OQUTPUT TAPc 656,({PLL1),0PL11A(]),DPLLBI(I), DPLI>A(I),
1DPLSB(I),DPL16ALTL)},DP1eB{1),0P5A8A11),0P5886(1),DP3A4(I1),0P8B4(I1),
¢DP4AGLL),DP484(1), DPL4{)sTR(1)1=1,J)
o FORMAT(4X,21HPL,4X,9>H0P11A DPlls DPl>A DPLSB DPl6A DPL68 DPS
1lA3A DPSu38 DP3AG DPZB4 DP&A4L DP4B4 DPL4 TEMP/LS5(2X,F5.1))
% WRITE OQUTPUT TAPE 0¢5oNOTy 40R4IRDUI}y1=1,54),PBARCH4PA,TMR,TSP,CHMR,
10, \MR, DT, A0, AMR
wRITE OUTPUT TAPE o,10u00
Luuvuu TNMATI//74X,4HFLO 3X, 5HOPLHAV 12X, 6HDP 03 S, 24, 6HDPEBAY,2X, 6HOPS4AY

o/11/64

58

66

(penwutiuo)) ¥ XIANHJJY

= @
z XX
oq
gs
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TEMPFIR)=492.002+446.06822%R-1.693688xR*#2+0.143852k+¢340.0254FJcRav4 b/17/64 PAGE 3

14X,3HC16,0X,4HRELS,83X43HF58,5X,3HF64,4X,5HC84AA,5X,4HRE84,6X,6HCS
24MRA)

WRITE OUTPUT TAPE 6,7, (FLOW(I),DPL16AVII),0P58AVI]),DP68AV{]),DPB4A
IVIE),C16( 1) RELIB(I),F58L1),F68(1),C342A01),RE84(]),C84MRA(1),1I=1,J
2)

N
3
o
-y
«Q
<

T FORMAT(3X gF0.492X 37 050292XK9F6a212X9F602y2X9F6.231X3FT0%32Xy1PELY o4, 2
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C1-2

TEST NUMBER 1

BAR. PRESS.= 29.47 IN H6= 14.48
METERING RING CLEARANCE= (.0095
EQUIVALENT DIAMETER= 0.1371

PRESSUKES IN PSIG, PRESSURE

Pl DP11A DPl1B DPL15A DPL15B
684.0 5.9 5.9
142.0 3.6
752.0
751.0
749.0
750.0
719.0
7150.0
750.u
152.0
755.0
748.0
748.0
751.0
152.0
592.0

N e NNV WWRSPUNNSW
e & 8 ¢ 8 0 ¢ % s 0 0 & 2 & D
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IMPEDANCE

TEST

RING

LOSS

CONDITIONS

RUN  NUMBER
TYPEA METERING RING
ANNULUS CLEARANCE= C.077

ANNULUS AREA= 0.2488 Su IN

IN PSI1Dy TEMPERATURE
DP16B DPS5ABA DPS5B8B DPBAS
8.0 4.0 3.8 19.4
4.7 2.2 2.3 12.0
5.3 2.5 2.5 13.6
8.7 4.3 4.0 14.0
7.5 3.6 3.5 14.4
4.7 2.3 2.1 12.5
5.8 2.8 2.6 16.8
4.8 2.3 2.2 13.4
4.0 1.9 1.8 10.8
3.5 1.7 l.6 9.6
3.1 1.5 1.4 8.4
2.7 1.3 1.3 7.3
2.3 1.1 1.1 6.2
2.0 1.0 1.0 5.2
1.7 0.8 0.8 4.5
2.8 le4 1.3 T.4

1

COEFFICIENTS

DATE RUN 04
TYPEA SPACEK
MITERING RING
METERING RING

IN DEG.Ry FLOW

19.5
12.0
13.7
14.0
14.4
12.8

15 64
PLATE

AJEA RATIN=0.398
AREA= 0.,0990 $SQ IN

RATE IN LB/SEC

DP8B4 DP4A4 DP4B4 DPl4 TEMP

526.3
523.2
524.1
521.2
518.8
516.1
513.6
513.3
511.5
511l.1
510.4
510.2
509.7
509.7
509.7
509.5

(penuT3uo)d) v XIANAJJY

9Z8~HWNL~INVM

®
~
3
S
2
<

4

.

[



L= I " cRr P-=2_.4lc KINS, LTSy LOLFEILEZNTS

FoST COILETIAONS

‘
g T ST dJM3eR 1 UM HELE Y § JaTc Rutt 26 1o (4
B ke PCdde= 24447 IN Ho= lhoaz PLIA TYPEA  4ETERT v RINS TYP_A SPalEk PLATL

> MOTRLDIo KiNe cicakaAMUIE Ul 95 AVLLLY CLEARANCe= 0.017 YT 7RING RING AREA ~ATT =).33

2 ceoolvars il Sla s Tom 1l 1371 AGILLLS ARZa= (.243° So IN METZIRING Lo A<7T3= col o0 7

L PRbs>SULcx [4 PSlo, PRioduxe u~TPS  IN D Py, T_MPIRATUREZ  IN 3loe?, FLOn RaTz  IN L/ 5CI0

hd

L0

&q FLn vPloAv  uP50AV DrPo3avy DP8<AY Cle REL3 Fo8 ey Creé4AA RIz4 T4 na -

> «lal Te25 3470 .92 19.45 1.5312 2.0127= 05 ©C.0172 GL.Cl79 3.5333 2.0457Tc U L.51loan -

o lats 463 2425 1.20 12.00 1.624C 1.0036E U5 C.C172 0.0190 4.1527 1.623%z Lo 3S.55% g
. 1500 5423 24572 1.32: 13.65 1.5348 171472 05 C.32167 0.2131 4.1521 le7#040 "L LaEHT74 %
te20 3y S.6 bel0 teb> 14.00  1l.>452 225922 U5 0.3163 0.4045 2.44064 2.29957 0o 043337 g
Y 7.40 3.55 1.35 14.4C 1.5531 2.0946C U5 0.2163 J.C176 2.7965 Z2el240t Lo D.4l4) g
telbbo 4464 2.2° l.1» 12.6% 1.6550 1.02152 05 0.C171 J.l1%6 4.4633 le64”l C> C.T7277
Slol+ 5.79 2.72 1.20 16.32 1.5832 l.6137- U5 0.0163 J.0188 4.0281 led43+t U 0.7323 =
«lazd 470 2+25 1.29 13.5G  1.58v9 167322 U5 L.Ul66 U.0134 4.9326 1.7000% 05 0.7177 ~~
talsbduy 3.90 1«35 1.00 10.90 1.6115 1.520Cc 05 0(.0167 0.0138 4.4760G l.5447E 05 0.7047 8
vellod 3.40 1.65 Ga?5 9.65 1.6047 1.4253- U5 (.2170 0.0204 4.5300 1.448%7c Co> 0.7173 o]
velleys 3.05 l.4a> C.a0 B8.45 1.6386 1.3405c 05 C.Cl70 0.01% 4.5179 1.3624F 05 C.T7lo4 S’
sall 43 2465 1.3° DT> 7T.35 1.6232 1.25067 05 0.0174 0.0203 4.48327 1.27112 C> 0.703s o]
f.l 2% 2.3u 1.10 0.673 6.25% 146533 L.1553E 05 0.0173 D0.0137 4.4779 1.1743E > G703 e
e 40 240 l.2C 0.50 5.20 1.683%4 1.C68CE 05 C.0185 u.0193 4.3780 1.0855L 0o J.61333 &
Led T4 l.oo 0.57 J.45 4.55 1.6372 F.060Ct 04 (.0174 03.0204 4.50238 1.0C22E 05 0.713% ~
«1J0u 2.7> 1.35 0.30 T.45 1.6591 1.1310E 05 0.0173 0.0220 4.4€¢30 114358 Co 0.7376
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Cl-2 INNER [IMPEDANCE RING LOSS COEFFICIENTS

TEST CONDITIONS

TCST  NUMBER 3 RUN NUMBER 1 DATE RUN 04 23 64

BAR. PRESS.= 27.29 IN HG= 14.39 PSIA TYPED METERING RING TYPEB SPACER PLATE

METERING RING CLEARANCE= 0.0590 ANNULUS CLEARANCE= 0.127 METERING RING AREA RATIO=0.611
EQUIVALENT DIAMETER= 0.2451 ANNULUS AREA= 0.4425 SQ IN METERING RING AREA= 0.2703 SQ IN

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

Pl DP11A DP11B DPLSA DP158 OPl6A DP16B DPSA8A DPSRSB DP3A4 DP8B4 DP4A4 DP4B4 DPl4  TEMP
151.0 1.8 1.8 2.3 2.2 0.9 0.9 2.0 2.0 533.2
740.0 1.7 1.8 2.2 2.2 0.8 0.9 1.9 1.9 529.9 .
738.0 1.7 1.6 2.1 2.0 0.8 0.9 1.8 1.8 525.9 i
745.0 1.8 1.8 2.3 2.3 0.9 0.9 2.0 2.0 523.9 g
127.0 1.8 1.8 2.2 2.2 0.9 0.9 2.0 2.0 522.1 %
750.0 1.6 1.6 2.0 2.0 0.8 0.8 1.6 1.8 521.2
590.0 1.7 1.8 2.4 2.2 1.0 0.9 2.0 2.1 518.5 !
522.0 2.0 2.1 2.7 2.6 1.2 1.0 2.3 2.4 516.3
63840 1.7 1.8 2.4 2.2 1.0 1.0 2.0 2.1 513.6 e
0250 1.7 1.8 2.3 2.2 1.0 0.9 2.0 2.1 512.2 —
>85.0 1.8 2.0 2.5 2.4 1.1 1.0 2.2 2.2 509.5 S
742.0 1.3 1.2 1.6 1.6 0.6 0.7 1.3 1.3 508.1 3
750.0 1.2 1.2 1.4 1.4 0.6 0.6 1.2 1.2 507.2 (4
750.0 1.0 1.0 1.3 1.3 0.5 0.5 1.0 1.1 506.5 oy
748.0 0.4 0.4 1.1 1.0 0.4 0.4 0.9 0.9 504.5 g
748.0 0.8 0.8 1.0 1.0 0.4 0.4 0.8 0.8 504.0 2 -
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Cl-2 [INER IMPEDANCE RING LGSS COeHFICIENTS

TEST CONDITIUNS

fEST NUMBER 3 RUN  NUMBER 1 DATE RUN 04 23 64

BARe PRESS.= 27.27 IN HG= 14.39 PSIA TYPED METERING RING TYPEB SPACER PLATE

METERING RING CLEARANCE= 0.0590 ANNULUS CLEARANCE= 0.127 METERING RING AREA RATIO0=0.0511
EQUIVALENT DIAMETCR= 0.2451 ANNULUS AREA= 0.4425 SQ IN METERING RING AREA= 0.27C3 S5Q IN

PRESSURES IN PSIG, PRESSURE DUROPS IN PsSID, TEMPERATURE IN DEG.R, FLOW RATE IN LB/SEC

FLOW DPl16AV DP58AV DP68BAV DPB4AV Clé RE18 F58 F68 C84AA RE84 C84MRA
V2069 2.25 0.90 0.45 2.00 1.2036 2.2795E 05 0.0188 0.0196 1.0662 -2.2993E 05 0.3979 E;
0.2u52 2.20 0.85 0.42 1.92 1.1864 2.2705€ 05 0.0179 0.0187 1.0346 2.2902E 05 0.3861 o
0.2001 2.05 0.35 0.47 1.80 1.1693 2.2238E 05 0.0190 0.0221 1.0233 2.2431E 05 0.3819 Eg
C.2134% 2.30 0.90 0.40 2.00 1.1679 2.3775E 05 0.0179 0.0165 1.0121 2.398lE 05 0.3777 )
0.2093 2.20 0.90 0.50 2.00 1.1377 2.3380c 05 0.0132 J.0211 1.0307 2.3582E 05 0.3846 ;2
G.2:34 2.00 0.380 0.40 1.70 1.1308 2.2732E 05 0.0177 0.0184 0.9582 2.2929E 05 0.3576
0.1203 2.30 0.95 0.40 2.05 1.1887 2.1368E 05 0.0192 0.C168 1.0549 2.1553E 05 0.3937 -
6.2083 2.65 1.10 0.50 2.35 1.2062 2.3458E 05 0.0196 0.0185 1.0645 2.3661E 05 0.3973 —
0.1983 2.30 1.00 0.45 2.05 1.1846 2.2449E 05 0.0201 0.0189 1.0516 2.2644E 05 0.3924 )
0.1959 2.25 0.95 0.45 2.05 1.1731 2.2164E 05 0.0194 0.0191 1.0645 2.2356E 05 0.3973 g
0.1984 2.45 1.05 0.50 2.22 1.1758 2.2%30c 05 0.0197 0.0195 1.C627 2.2725E 05 0.3966 34
G.1768 1.60 0.65 0.30 1.35 1.2146 2.0067E€ 05 0.0193 0.0186 1.0224 2.0261E 05 0.3815 E?
0.1688 1.40 0.60 0.40 1.20 1.1796 1.9201F 05 0.0198 0.0275 1.0088 1.936TE 05 0.3765 o
0.15384 1.30 0.50 0.20 1.05 1.2468 1.3024€ 35 0.0188 0.0156 1.0052 1.8180E 05 0.3751 8‘
0.1435 1.05 0.42 0.20 0.90 1.2285 1.6373€ 05 0.0195 -0.6191 1.0519 1.6515€E 05 0.3926 ~
C.1354 1.00 0.40 0.20 0.80 1.3152 1.5459€ 0% 0.0206 0.0215 1.0505 1.5593E 05 0.3921
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Cl-2 INNER IMPEDANCE RING 0SS COEFFICLENTS

TEST CONDITIONS

TEST  NUMBER 2 RUN  NUMBER 1 DATE RUN 04 21 64

B8AR. PHISS.= 27434 IN Hu= Léoal PSIA TYPED Mel&RING RIMG TYPLB SPACER PLATL

METCRING RING 'CLEARANCE= 0.00%0 ANNULUS CLFARANCE= C.O77 METERING RING AREA <ATICG=0.353
EQUIVALENT DIAMETER= 0.1507 ANNULUS AREA= 0.2683 SQ IN METERING RING AREA= C.0961 SC IN

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

Pi DP15A DP15B COPLl6A DPLl6B OPSABA DP5E8B DPB8A4 DP8B4 TEMP
7150.0 6.0 6.2 7.8 7.8 4.2 3.7 33.5 38.0 533.6
740.0 6.0 6.2 7.7 7.8 4.1 3.7 33.5 38.0 530.6 .
720.0 5.7 5.8 T.2 7.3 3.8 3.4 30.7 35.5 526.8 g
730.0 5.3 5.0 6.5 6.7 3.2 3.5 27.0 31.2 524.3 g
165.0 4.6 4.3 5.6 5.7 2.8 3.0 22.0 2645 519.4 Eg
748.0 3.9 3.8 4.8 4.9 2.4 2.4 18.5 21.5 520.8 =]
740.0 3.5 3.4 4.2 4.2 2.1 2.2 15.7 13.2 523.3 ;2
150.0 3.2 3.2 4.0 4.0 2.0 2.0 14.5 17.5 519.9
750.0 2.8 2.7 3.5 3.5 1.8 1.8 12.0 16.0 519.0 =
748.0 2.5 2.4 3.1 3.1 l.7 1.7 11.0 13.5 518.5 ~
140.0 2.3 2.2 2.7 2.7 1.3 l.4 8.5 10.5 518.1 E?
557.0 5.4 5.4 6.7 6.8 3.6 3.2 29.0 33.5 51643 (=]
570.0 4.7 4.7 5.8 5.9 3.1 3.0 24.5 28.5 515.8 o+
560.0 4.5 4.5 5.7 5.8 2.9 2.9 24.0 27.5 514.7 E;
548.0 4.3 4.3 5.4 5.6 2.9 3.C 22.0 26.90 514.5 =
260.0 4.0 3.8 5.0 5.2 2.8 2.9 20.5 24.5 514.0 8,
570.0 3.8 3.7 4.6 4.8 2.5 2.5 19.0 23.0 513.6 ~—
531.0 3.6 3.4 L 4.5 2.3 2.4 17.0 20.5 512.2
555.0 3.4 3.3 4.1 4.2 2.2 2.3 15.5 19.0 511.8
560.0 3.2 3.2 3.9 4.0 2.0 2.2 15.0 18.0 511.3
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Cl-2 INNER IMPUDANCE RING LOSS COEFFICIEMIS

TEST CONDITIONS

TEST NUMBER 2 RUN  NUMBER 1 DATT  RUN 04 21 64

BAR. PRESS.= 29.34 IN HG= 14.41 PSIA TYPED METERING RING TYPEB SPACEZR PLATE -

METERING RING CLEARANCE= 0.2030 ANNULUS CLEARANCe= C.077 Me TERING <1I%G ALZA RATHG=0.353
EQUIVALENT DIAMETER= 0.1507 ANNULUS AREA= (0.2683 SU 1IN METERINL RING AREA= C.0J01 SG IN

PRESSURES IN PSIG, PRESSURE DROPS IN PSID, TEMPERATURE IN DEGeRs FLOW RATE IN LB/SEC

FLOW DP16AV DP58BAV DP6BAV DPB4AV Clé REL8 F58 F68 CB4AA RE84 CB4MRA .
0.2108 7.80 3.95 2.25 35.75 1.4743 2.3537€ 05 0.0179 0.0212 6.6741 2.3744E 05 0.8566 g
0.2083 7.75 3.90 2.25 35.75 1.4899 2.3349E 05 0.0179 0.0215 6.7847 2.3554E 05 0.8707 g
0.1997 T.25 3.60 2.10 33.10 1.4b872 2.2495E 05 0.0177 0.0214 6.7C59 2.2693E 05 0.8606 Eg
0.1881 6.60 3.35 1.90 29.10 1.5536 2.1246E 05 0.0189 0.0223 6.7742 2.1433E 05 0.867%4 o
0.1785 5.65 2.90 l1.7C 24.25 1.%206 2.0274c 05 0.0187 0.0223 6.4625 2.0452t 05 0.82938 ;2
C.1625 4.85 2.40 1.40 20.00 1.5754 1.8435¢ 05 0.0187 0.0227 o0.444%9 1.35770 0> U.B8271
0.1521 4.20 2.15 1.40 17.35 1.5434 1.7261E 05 0.0190 0.0257 6.3300 1.7413k 05 0C.S8124 -
0.1479 4.00 2.00 1.20 16.00 1.5765 l.6789E 05 0.0189 0.0236 6.2647 1.6936E 0> 0Q.R8040 ~
0.1373 3.50 1.80 1.05 14.00 1.6016 1.5611E 05 0.0198 0.0240 6.3695 1.5748E C5 0.8175 E?
0.1290 3.10 1.70 1.05 12.25 1.6056 1.4670E 05 0.0212 0.0272 6.3112 1.4799E 05 0.8100 =
0.1197 2.70 1.35 0.90 9.50 1.6096 1.361BE 05 0.0193 0.0269 5.6374 1.3738L 05 0.7235 ct
0.1715 6.75 3.40 2.05 31.25 1.5012 1.9589E 05 0.0181 0.0226 6.8455 1.9761€ €5 0.7785 E?
0.1622 5.85 3.05 1.90 26.5C 1.4877 1.8537¢ 05 0.C1856 0.0240 6.6521 1.8700E 05 0.8537 (=]
0.1594 5.75 2.90 1.65 25.75 1.4921 1.8235€ 05 0.0180 0Q.0213 6.5979 1.3395E G5 0.840638 gi
0.1510 5.50 2.95 1.75 24.00 1.5589 1.7287Z 05 0.0200 0.0247 6.7169 1.7439E 05 0.8620 ~
0.1472 5.10 2.85 1.65 22.50 1.5535 1.6864E 05 (0.0208 0.0250 6.7751 1.7012€ 0> 0£.8695
U.1442 4.70 2.50 1.55 21.C0 1.5182 1.6530€ 05 0.0193 0.0249 6.7125 1.6675E 05 0.8615
0.1321 4.45 2.35 1.40 18.75 1.6058 l.5171E 05 0.0203 0.0252 6.0950 1.5304E 05 0.3592
V1309 4.15 2.25 1.45 17.25 1.5926 1.5036c 05 0.0207 0.0277 6.5561 1.5168F 05 0.3414
0.1273 3.95 2.10 1.35 16.50 1.6011 1.4707€ 05 ©€.020¢ 0.0273 6.6279 1.4836E C> 0.8506
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Cl-2 INNER IMPEDANCE RING LOSS COEFFICIENTS

TEST CONDITIONS

TEST NUMBER 9 RUN  “UMBER 3 DATT RUN 5 15 64

BAR. PRESS.= 30.15 IN Hu= 14.81 PSIA TYPEA HMETERING «ING FTYPFA SPACIR PLATE

METERING RING CLEARANCE= 0.0595 ANNULUS CLEARANCZ= 0.127 METERING RING AREA RATIO=U.646
EQUIVALENT DIAMETER= 0.2300 ANNULUS AREA= 0.4230 SQ IN METERING RING AREA= 0.2732 S0 IN

PRESSURES IN PSIG, PRESSURE DROPS IN PsSiD, TEMPERATURE IN DEG.R, FLOW RATE 1IN LB/SEC

P1 DP15A DPLS5B DP16A DP16B DOP5A8A DPSBBB DP8A4 DP8B4 TENP
746.0 2.0 2.0 2.6 2.6 1.1 0.9 1.2 1.2 500.4
748.0 1.7 1.7 2.3 2.4 1.0 1.0 1.2 1.2 498.5
740.0 1.8 1.8 2.2 2.2 0.8 0.8 1.0 1.0 498.0 g
742.0 1.5 1.5 2.0 2.0 0.8 0.8 1.0 0.8 496.2 a3
742.0 1.5 1.5 1.7 1.8 0.7 0.4 0.9 0.8 494.8 g
740.0 1.4 1.4 1.8 1.8 0.7 0.5 0.8 0.8 494.3
7122.0 1.5 1.5 2.0 2.0 0.7 0.5 0.9 0.8 493.4 g
742.0 1.3 1.3 1.7 1.7 0.5 0.5 0.8 0.7 496.7
740.0 1.1 1.1 1.5 1.5 0.5 0.4 0.5 0.5 491.8 2
740.0 0.8 0.8 0.9 1.0 0.4 0.4 0.5 0.5 491.1 —_
745.0 1.0 1.0 1.2 1.2 0.5 0.3 0.6 0.5 490.6
720.0 1.1 1.0 1.3 1.3 0.5 0.4 0.7 0.5 489.4 5
745.0 0.7 0.7 0.7 0.7 0.4 0.2 0.5 Q.4 491.1 o+
740.0 0.5 0.6 0.7 0.7 0.3 0.2 0.4 0.4 489.2 g'
742.0 0.3 0.4 0.4 0.4 0.2 0.2 0.3 0.2 490.1 e
740.0 0.8 0.8 1.1 1.0 0.5 0.3 G.5 Ge5 504.5 3.
740.0 0.8 0.8 1.0 1.0 0.5 0.2 0.5 04 504.5 —
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Cl-2 INNER IMPEDANCE RIN, LOSS COEFFICIENTS

TEST CONDITIONS

TEST NUMBER 9 RUN  NUMBER 3 DATE RUN 05 15 64

BAR. PRESS.= 30.15 IN Hu= l4.:1 P>IA TYPzA METIKI o tlhe TYPFA  SPACE=R PLATC

METERING RING CLEARANCE= 0.0595 ANNULUS CLEARANCE= 0.127 METERING RING ARc) #ATIL=0.046
EQUIVALENT DIAMETER= 0.230C ANNULUS AREA= 0.4230 5C IN METERING RING AREA= 0.2732 5Q IN

PRESSURES IN PSIG, PRESSURE DROPS IN P5ID, TEMPERATURE [N DEG.R, FLOw RATE IN LB/SEC

FLOW DPl&AY DPS5BAV DP63AV DPB4AV cleé REL18 F58 F68 C84AA RE84 CB4MRA
0.2197 2.60 1.00 0.40 1.20 1.1928 2.4744C 05 0.0168 0.014C 0.5484 2.5144L 05 0.2288
0.2082 2.35 1.00 0.38 1.20 1.2082 2.3501E€ 05 C.0189 0.0147 0.61438 2.3881lE 05 0.2565
0.1989 2.20 0.80 0.40 1.00 1.2277 2.2469- 05 0.0164 0.0171F 0.5562 2.7832E 05 0.2320
0.1884 2.00 0.80 0.30 0.90 1.2521 2.1329. 05 0.0ls4 0.0l44 0.5618 2.1674E 05 Q.2344
0.1788 1.75 0.55 0.3C C.35 1.2137 2.0287c 05 GC.C141 0.016C 0.>9C4 2.C615c 0> 0.2463
0.1780 1.80 0.60 0.20 0.80 1.2636 2.0202t 05 0.0155 0.0107 0.5602 2.0528€ 0> 0.2337
0.1868 2.00 0.65 Q.15 0.35 1.2472 2.1235C U5 0.0149 0.0072 0.5236 2.1578E 05 0.2205
0.167H 1.70 0.50 0.10 0.75 1.3449 1.8954E 05 0.0145 0.0061 0.5920 1.9260€ 05 0.2470
0.1461 1.50 0.45 0.05 0.50 1.5700 1.6642€ 05 C€.0173 0.0040 0.5223 1.6911lE 05 0.2179
0.1364 0.95 0.40 0.25 0.50 1.1424 1.5551€ 05 0©.0177 0.0230 0.6C03 1.5803E 0> 0.2504
0.1456 1.20 0.40 0.20 0.55 1.2761 1.6607% 05 0.0156 0.0163 0.5838 1.6875E 05 0.2436
0.1565 1.30 0.45 0.20 0.60 1.1620 1.7876c 05 C.0l43 0.0137 0.5352 1.8155E 0o 0.2233
0.1256 0.70 0.30 0.30 0.45 0.9974 1.4317c 05 C.Cl57 0.0328 C2.6417 1.4545C 05 0.2677
0.1150 0.72 0.25 0.07 0.40 1.2315 l.3141E 05 C.Clo6 J.0098 0.07438 1.3353E 0> 0.2832
0.0935 0.40 0.20 0.15 0.25 1.0297 1.0665E 05 Q.0139 0.0236 0.6431 1.0837E 05 0.2683
0.1338 1.05 0.40 0.15 0.50 1.2783 1.4993E 05 0.0179 0.0140 0.6078 1.5235E 0v 0.2535
0.1348 1.00 0.35 0.15 0.45 1.2000 L.51C2E 05 0.0154 0.0138 0.5392 1.5346E C> 0.2249

(penuriuo)) vy XIANALIY
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Cl1-2 INNER IMPCDANCE RINS LOSS COEFFICIENTS

TEST CONDITIONS

TEST  NUMBER & RUN  NUMBER 2 DATSE RLUN  u> 03 64

BAR< PRESS.= 29.51 IN Hou= 14.50 PSIA TYPZD METERING RING TYPED >SPACIR PLATC

METERING KING CLEARANCE= 0.0530 ANNULUS CLEARANCE= 0.127 METERING RING AREA RATIJ=v.oll
EQUIVALENT DIAMETER= G.2451 ANNULUS AREA= C.4425 SQ IN METERING RING ARFA= 0.2703 SQ IN

PRESSURES IN PSIG, PRESSURE UROPS IN  PSID, TEMPERATURE IN DEG.R, FLOA RATE IN L8B/5EC

Pl DP15A ©OP15B OPl6A OPl68 DPSABA DPSBBB DPBA4 DP8B4 TEMP
740.0 1.8 1.8 2.4 2.4 1.0 0.8 2.1 2.0 529.5
748.0 1.8 1.3 2.2 2.2 1.0 1.0 2.1 2.0 526.6 -
750.0 1.8 1.7 2.4 2.3 0.8 0.8 1.8 1.8 525.9 o
750.0 1.7 1.7 2.0 2.1 0.8 0.8 1.8 1.7 522.8 o)
750.0 1.6 1.5 1.8 1.8 0.7 0.6 1.6 1.5 522.1 g
758.0 1.5 1.4 1.8 1.8 0.7 0.6 1.5 1.4 52t.4
750.0 1.6 1.3 1.6 1.6 0.5 0.5 1.6 1.3 520.R )
751.0 1.3 1.2 1.6 l.o 0.5 0.5 1.3 1.2 519.0
152.0 1.2 1.2 1.5 1.5 0.5 0.5 1.3 1.2 918.5 =
750.0 1.2 1.1 1.4 1.4 0.5 0.5 1.3 1.3 518.1 —~
142.0 1.1 1.0 1.2 1.2 0.5 0.4 1.1 1.0 517.2 g
752.0 1.0 0.9 1.1 1.1 0.4 0.4 1.0 0.9 516.7 5
748.0 0.9 0.8 1.0 1.0 0.4 0.3 1.0 0.8 516.3 ot
762.0 0.8 0.8 1.0 1.0 0.4 0.3 0.9 0.8 515.4 5
750.0 0.8 0.7 0.9 0.9 0.4 0.3 0.8 0.7 214.9 g
751.0 0.7 0.6 c.8 C.8 0.3 0.3 0.8 0.7 514.5 a
7151.0 0.6 0.6 0.8 0.8 0.3 0.2 0.8 0.6 514.0 ~
750.0 0.6 0.5 0.6 0.6 0.2 0.2 0.6 0.5 514.0
74840 0.5 0.4 0.7 0.6 0.2 0.1 0.6 0.5 514.0
742.0 0.5 0.4 0.5 0.5 0.2 0.1 0.5 0.4 514.0
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C1-2 INNER IMPEDAUCE RING LUSS COEFFICIENTS

TEST CONDITIONS

TCST  NUMBER 6 RUN NUMBER 2 DATF  RUN GbY 05 b4

BARe PRESS.= 29.51 IN HbL= 14.50 PSIA TYPED MITERING RING TYPCB SPACER PLATE

MeTERING RING CLEARANCL= $.0590 ANNULUS CLEARANCI= 0.127 METERING RING AnEa «allt =3.011
EQUIVALENT DIANMcTErR= (.2451 ANNULUS AREA= 0.4425 >4 IN METERINL RING AlrA= J.27C3 5Q Iv

PRESSURES IN PSIG, PRESSURE UROPS IN  PSID, TEMPERATURE IN DEG.R, FLOn RATE IN  LB/SEC

FLOW DP16AY DP58AV DP63aVv  DPB«AV Cié REL18 F538 Fé68 Co4AA REB4 C84MRA

0.2140 2.4Q 0.30 0.30 2.05 1.1321 2.3682¢ 05 0.0175 0.0121 1.0147 2.3887¢ C, 0.3787 a;
0.2149 2.20 1.00 0.60 2.05 1.1004 2.3865t 05 0.0196 0.0244 1.0217 2.4071E 0> 0.3813 g
0.2051 2.35 0.80 0.20 1.80 1.2948 242799E 05 0.0172 0.0090 0.9835 2.2996C 05 0.3639 Eg
0.1366 2.05 0.80 0.45 1.75 1.2371 2.1931le 05 0.0189 0.0221 1.0527 2.2121E 05 0.3929 Ea
0.1901 1.8C 0.65 0.40 1.55 1.162% 2.1226c 05 C.0l164 C.0211 0.3986 2.1410c C> 0.3727 b
0.1869 1.80 C.65 3.32 1.45 l.2168 2.0884° 05 C.0172 C.Clhv D.4T76 2.1060E T veldund .
0.1796 1.60 0.50 0.25 1.35 1.1723 2.00892 05 0.0143 0.0149 0.3869 2.0263% 05 0.3633
0.1754 1.60 0.50 0.1% 1.25 1.2227 1.9662: 05 0.0150 0.0093 G.9531 1.9832c 05 C.35>7 fon
0.1705 1.50 0.50 0.20 1.25 1.2157 1.9122€ 05 0.0159 0.0132 1.0109 1.9288E 0> 0.3773 E?
0.l622 1.40 0.50 0.25 1.30 1.2526 1.8195¢ 05 C.0175 0.0182 1.1607 1.8352E 0> 0.4332 3
0.1537 1.20 0.45 0.30 1.05 1.1826 1.7283Z U5 0.0174¢ 0.0241 1.03238 1.7433E 0> 0.38>5 i:
0.1517 1.10 0.40 0.25 0.95 1.1297 1.7054€ v5 0.0161 0.0209 0.9740 1.7202E 05 0.3635 3 -
0.1439 1.00 0.35 0.20 0.90 1.1370 1.61%3¢ 0 C.C156 0.0180 1.0218 1.6323E C> C.3°13 g
0.1393 1.00 0.35 J.15 0.85 1.2368 1.56%2+ 0> 2.017C 02.T151 1.0493 1.531cE C> 0.3712 o8
0.1297 0.90 0.35 0.20 0.7 1.2672 1.46047 05 0.01373 0.0230 1.C545 1.473CE 0> 0.3336 ~
0.1267 0.80 0.30 0.15 0.75 1.1322 1.4278c 05 0.0174 0.0181 1.1070 1.4402E 05 0.4131
0.1204 0.80 0.25 0.G5 0.70 1.3090 1.3582E 05 (€.0160 J.CC067 1.l1441 1.3700E €5 C.4270
C.l116 0.60 0.20 0.15 0.55 1.1430 1.2580E 05 0.0149 0.0233 .C468 1.2683E 05 0.3907
0.1077 0.65 0.15 -0.0o 0.55 1.3240 1.2150E U5 C€.0120 -0.0033 1.1195 1.2256C 05 0.4178
0.1022 0.50 0.15 0.10 0.45 1.1225 1.1530C 05 0.0132 0.0183 1.0095 1.1630E 05 0.3767

’

9C8—HWL~INVM

xg;qanuausV@

™
8



A

CI-2 INNER IMPEUANCE RING LOSS COERFICIEMTS

TEST CONDIIIONS

TEST NUMBER 3 RUN  NUMAER 2 DATE RUN 05 14 64

BARe PRESS.= L1780 [ Ho= L1453 POIA Ty2el “dfescl s RINo TYPEB SPACeR PLATE

METERING RINu CLEARANMCE= 0.0090 ANNULUS CLEARANCC= 0,077 METIRING RING AnEA RATIL=0.353
EQUIVALONT DIAMETCIR= U.l507 ANNULUS AREA= 0.2683 Su IN METERING RING AREA= 0.04961 SQ IN

PRESSUKES IN PSIG, PRESSURE OROPS IN  PSID, TEMPERATURE IN DEG.R, FLOs RATE IN LB/SEC

Pl DP15A DP158 DPl6A DPl6B DP5A8A DPS5RBE DPJ3A4 DP8B4 TEMP
748.0 7.0 7.6 0. 0. 4.0 44 43.0 41.0 517.8
740.0 6.8 6.5 8.5 8.4 4.5 4.2 41.5 42.0 508.9 .
745.0 6.4 6.0 8.2 8.2 4.3 4.2 39.0 39.5 506.9 lav]
743.0 5.8 5.5 7.5 7.5 4.0 4.0 36.0 36.0 506.0 o]
740.0 5.8 5.5 T4 7.5 4.0 3.8 36.0 36.0 502.0 %
7145.0 5.6 5.2 1.0 7.0 3.7 3.7 33.0 33.0 300.6 e
138.0 5.2 4.8 6.4 b4 3.3 3.3 3u.0 30.0 495.0 bd
750.0 4.2 4.2 5.6 5.6 2.8 2.8 25.0 25.0 496.9 =
150.0 4.0 3.9 5.0 5.0 2.4 2.4 22.> 22.5 496.4
150.0 3.6 3.5 4.5 4.4 2.4 2.2 20.0 20.0 49%.9 -~
740.0 3.1 3.1 4.1 4.1 2.0 2.0 17.5 15.0 495.5 8
740.0 2.7 2.8 3.6 3.6 1.8 1.7 15.5 15.5 495.5 o]
475.0 4.8 4.9 6.5 6.5 3.6 3.0 31.5 32.0 494.6 g
c
[4]
[s})
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C1-2 INNER IMPEDANCE RINs LOSS COEFFICIENIS

TEST COMDITIONS

TEST KRUMBER 8 RUN  NUMBER 2 DATE RUN 05 14 64

BAR. PRESS.= 29.738 IN Hu= l4.63 P>IA TYPZO  METERINGL IV TYPZo >PACIK PLATE

METERING RING CLEARANCE= 0.0090 ANNULUS CLEARANCE= 0.077 METERING RING AREA RATIU=C.3b¢
EYJUIVALENT DIAMETER= 0.1507 ANMULUS AREA= 0.2653 Su IV METERING RING AKEA= Q.03el SQ IN

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

FLOR DPloAV DPS8AV DP6BAV DP84AV Cle RELS8 F58 F68 C84AA REB4 CB84MRA
0.2192 0. 4.20 11.50 42.00 0. 2.4956Ec 05 0.0180 0.1037 7.4324 2.5175E 05 0.9539 E;
0.2184 8.45 4.35 2.55 41.75 1.5398 2.5137¢ 05 0.0189 0.0231 7.-008 2.5358E 05 0.9627 g
0.2141 8.20 4425 2.25 39.25 1.5708 2.4705€ 05 0.0195 0.9214 7.4187 2.4922C 0» 0.9521 Eg
0.2059 7.50 4.00 2.15. 36.00 1.5617 2.3789E 05 0.0199 0.0223 7.4044 2.3933E 05 0.9503
0.2066 T7.45 3.90 2.10 36.00 1.5384 2.39835 0S5 C.01723 0.C2le 7.3428 2.4194E C5 0.9424 ;:
0.2005 T.0C 3.70 2.10 33.C0 1l.54806 2.3316E 05 0.0196 0.0231 7.2161 2.3521c 05 0.9261
0.1903 6.40 3.30 1.90 30.00 1l.5650 2.2207E 05 0.0193 0.0231 7.2577 2.2402C 05 0.9315 -
0.1779 5.60 2.380 L.40 25.00 1.5944 2.0789€ 05 0.0191 0.0199 7.0550 2.0972€ 05 0.9054 —
0.1688 5.0C 2440 1.35 22.50 1.5826 1.9737e 05 0.0182 0.0213 7.0647 1.9911€ 05 0.9067 Q
Celn81 4.45 2.30 1.40 20.00 1.6068  1.8499& 05 0.0199 0.0252 7.1680 1.8662E 05 0.9139 g
0.1495 4.10 2.00 1.00 17.75 1.6377 1.7497€ 05 0.0192 0.0200 7.0439 1.7650% 05 0.9040C t
0.1412 3.60 1.75 0.30 15.50 1.6107 1.6532c 05 0.0183 0.0201 6.8951 1.6677E 05 0.8349 g'
0.1538 6.50 3.30 1.65 31.75 1.6121 1.80728 05 0.0195 0Q.C2C3 7.74062 1.8231€ C5 0.9942 o

g
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2
b 8
: .
Cl-2 [INNER IMPEDANCE RIN, LGSS COEFFICICNTS ;-
a L
TEST CONDITIONS - :
] =
TEST  NUMBER 4 RUN  NUMBCR 1 DATE  RUN 04 26 66 = o
BAR. PRESS.= 27.08 [N Ho= 14.28 P>IA TYPEA METERING RING TYPZA SPACEZR PLATE L 7
METERING RING CLEARANCE= 0.0535 ANNULUS CLEARANCE= 0.127 METCRING RING AREA KATIN=G.646 -
EQUIVALENT DIAMETER= 042300 ANNULUS AREA= 0.4230 SQ IN METERING RING AREA= 0.2732 SO IN i :
PRESSURES IN PSIG, PRESSUKE DROPS IN PSID, TEMPZRAFURE IN DEG.R, FLOW RATE IN LB/SEC - .‘,
Pl DP15A ULP158 OPl6A DPl6B DPSABA DP5B8B DPBA4 DP834 TEmp ~ -
748.0 2.1 1.9 2.5 2.5 1.0 1.0 1.3 1.2 513.1 P
741.0 2.0 2.0 2.6 2.6 1.3 1.0 1.4 1.4 5048.6 . .
743.0 2.0 2.0 2.7 2.6 1.2 1.0 1.4 1.4 507.0 o i
748.0 2.0 2.0 2.7 2.7 1.3 1.0 1.4 1.4 504.5 g
742.0 2.0 2.0 2.6 2.6 i.0 1.0 1.3 1.3 502.7 %
748.0 2.0 1.3 2.4 2.4 0.9 0.9 les 1.3 500.1
745.0 1.7 1.6 2.C 2.1 0.8 0.8 1.0 1.0 499.0 g
749.0 1.5 1.4 1.8 1.8 0.8 C.8 1.0 1.0 497.6
740.0 1.3 1.3 1.7 1.7 0.7 0.8 0.9 0.8 496.7 =
748.0 1.3 1.9 1.6 1.6 0.6 0.7 0.8 0.3 495.2 —_
750.0 1.1 1.6 1.5 1.5 0.6 0.6 0.8 0.8 435.3 Q
740.0 1.1 1.0 1.3 1.3 0.6 0.6 0.7 3.6 494 .8 3
742.0 0.9 0.6 1.2 1.1 0.4 0.4 0.5 0.5 494.3 cr
7152.0 0.9 0.8 1.1 1.1 C.4 0.5 6.6 0.5 493.9 K
745.0 0.8 0.7 1.0 1.0 0.4 0.4 0.5 0.5 493.9 <]
752.0 0.7 0.6 1.0 1.0 0.4 8.4 0.5 0.4 493.4 2
543.0 1.3 1.2 1.6 1.6 C.7 0.7 0.8 0.8 493.2 -
502.0 1.3 1.2 1.6 1.6 0.7 0.7 C.9 0.3 492.7
410.0 0.3 0.7 1.5 1.5 0.8 0.7 0.8 0.7 492.0

9Z8—HWL~INVM
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Cl-2 INNER IMPEDANCE RING LOSS CNHcFFICIENTS

1
i
TEST CONDIFIONS M
L Y
TEST NUMBER 4 RUN  NUMBER 1 DATZ  RUN 04 29 64 L
B4R. PRESS.= 29.0u 11 Ho= L4.23 PLIA TYPCA METERING RIN. TYPEA SPACER PLATE v
METERING RING CLEARAMCE= u.0245 ANNULUS CLEARANCE= 0.127 METERING RING ARCA kATIO=3.046 -
EJUIVALENT DIAMETER= 0.2300 ANNULUS AREA= 0.4230 SQ IN METERING RING AREA= 0.2732 SO IN -
PRESSURES IN PSIG, PRESSURE DRDPS IN PSID, TEMPERATURE IN DEG.R, FLOW RATE IN LB/SEC T
-t
FLOW DUPL6AV DPSBAV DP68BAV DP84AV cl6 RE18 F53 FeB C844A RES4 CB4MRA .
0.2095 2.50 1.00 0.50 1.27 1.2330  2.3218C 05 0.0181 0.0180 0.6264 2.3594E 05 0.2613 e
0.2156 2.60 1.15 0.55 1.40 1.2101  2.4036E 05 0.0196 0.0196 0.6490 2.4424E C> 0.2707 g
£.2171 2.65 1.10 0.45 1.40 1.2231  2.4252F 05 0.0186 0.0159 0.6436 2.4644E 05 0.2685 =
0.2180 2.70 1.15 0.45 1.40 1.2435  2.4492t 05 0.0194 0.0156 0.6422 2.4835F 0> 0.2679 !
Ue2llo 2.60 1.00 0.aC 1.30 1.2704 2.3786E 05 0.0179 0.0149 0.6328 2.417GE 02 0.2640 vl
0.2060 2.40 0.90 0.40 1.55 1.2553  2.3208C 05 0.0173 0.0160 0.8C78 2.3583E O> 0.3370
0.1911 2.05 0.80 0.40 1.00 1.2435 2.1566F 05 0.0178 0.0186 0.6047 2.1315 05 0.2523 =
0.1799 1.80 0.80 0.45 1.00 1.2422 2.0333: 05 0.0203 0.0238 0.688l 2.06627 05 0.2871 —
0.1700 1.70 0.75 0.35 0.85 1.3007  1.9263F 05 0.0211 0.0205 0.6436 1.95%4E 0> 0.2706 =
0.1651 1.60 0.65 0.20 0.80 1.3128 1.8695¢ 05 0.0136 0.0126 O.0599 1.8997E C> 0.2732 =
6.1566 1.5C 0.60 0.15 G.8C 1.3743  1.775lc 05 0.0202 0.Cl0S 0.7314 1.803sf 5 0.3051 &
D.1511 1.30 0.60 0. 35 0.05 1.2047 1.7137€ U5 0.0215 0.9261 0.6310 1.74147 05 0.2632 =
Cal3s2 1.15 0.40 0.16 0.50 1.3421 1.5683f 05 0.0172 0.0089 0.5826 1.5936f 0> 0.2430 c
0.1348 1.10 V.45 0.20 0.55 1.3674  1.3307€ 05 0.0206 3.0190 0J.0826 1.5534E On  0.2848 a
£.1275 1.ce 0.40 0.15 0.5C 1.3776  1.4477E 05 0.0203 0.0l58 0O.0878 l.4T1LE U> 0.2569 NS
0.1245 1.00 0.40 0.05 0.45 1.4579  1.4149E 05 0.G214 0.0056 0.6552 1.4373E 05 0.2733
0.1406 1.60 0.70 0.35 0.80 1.3425 1.6019F 05 0.0216 0.0225 0.6690 1.6275E 05 0.2791
0.1399 1.60 0.70 0.35 0.90 1.2613  1.5944F 05 0.6203 0.02l1 0.7069 1.6202F 05 0.2949
0.1174 1.50 0.75 -0.00 0.75 1.3857  1.3410E 05 0.0255 -0.0000 0.6924 1.3627E 05 0.2830
: @
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Cl-2 INNER [MPEDANCE RINu  LOSS COEFFICIENTS

TEST CONDITIONS

T2ST  NUMGER 5 RUN  NUMBER 2 DATE RUN 04 29 64

BARe PRZSS.= 29.06 IN HL= 14.27 PSIA TYPEA METZIRING RING TYPCA SPACER PLATE

MITERING RING CLEARANCE= 0.0995 ANNULUS CLEARANCE= 0.127 METERING RING ARZA RATIO=0.646
EWUIVALENT DIAMETER= 0.2300 ANNULUS AREA= 0.4230 SQ IN METERING RING A/TA= 0.2732 SQ IN

PRESSULURTS IN  PSlo, PRESSURE  UKDPS  IN PS1LD, TEeMPERATURE IN DEG.R, FLOW RATE IN LEB/SEC

Pl OPI5A DPL58 O0OPl6A DPL6E DPSASA DPS5B8B DP8A4 DP8B4 TEMP
140.0 2.2 2.1 2.8 2.7 1.2 1.2 1.5 l.% 519.2
7143.0 1.3 2.1 2.7 2.7 1.0 l.1 1.5 l.4 517.0
743.0 1.7 2.1 2.6 2.6 1.2 l.1 1.5 l.4 912.2
7142.0 1.6 1.8 2.4 2.4 1.0 0.9 1.3 1.2 511.3
145.0 1.3 1.6 2.0 2.0 0.8 0.9 1.2 1.0 509.3
(43,0 0.3 0.9 le4 l.4 0.6 0.5 1.0 1.0 508.1

(penutquo)) vy XIANZLY
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Cl1-2 INNER IMPEDANCE RING LOSS COEFFICIENTS

TEST CONDITIONS

TEST NUMBER 5 RUN  MUMBER 2 DATE RUN 04 29 64

BAR. PRISS.= 29.06 IN HL= 14.27 P>lA TYPEA METERING RING TYPEA SPACER PLATE

METER NG RINu CLEARKANCE= 0.00J5 AMNULUS CLEARANCE= 0.127 METERING RING AREA xATIU=0.646
EQUIVALINT DIAMETcR= 0.2300 ANNULUS AREA= 0.4230 S5G IN METERING RING ARZA= 0.2732 SQ IN

PRESSURES IN PSIG, PRESSURE ORrROPS IN PSID, TEMPERATURE IN DEG.R, FLOW RATc IN LB/SEC

FLOW DP16AV DP58BAV DP6BAV DPB84AV cli6 RE18 FS8 F68 CB4AA RE84 C84MRA .
0.215%0 2.75 1.20 0.60 1.45 1.2602 2.3651E 05 0.0202 0.0210 0.6616 2.4033% 05 0.2760 o
0.2180 2.70 1.05 0.30 1.45 1.2126 2.4053E 05 0.0173 0.0103 0.6487 2.4441E 0> 0.2706 d
0.2178 2.60 1.15 0.45 1.45 1.1803  2.4174c 05 0.0192 0.0156 '0.6557 2.4564E 0> 0.2735 Eg
0.2051 2.40 0.97 0.28 1.25 1.2294¢ 2.2787€ 05 0.0183 0.0108 0.6381 2.3155E 0> 0.2662 Eﬂ
0.1904 2.00 0.85 0.30 1.10 1.1987  2.1202E 05 0.0137 0.0137 0.6573  2.1544E 05 0.2742 5
G.l634 1.40 0.55 0. 1.00 lel391 1.8220€ 05 0.0165 0. 0.8122Z 1.8514FE 05 0.3388 .
~~
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Cl1-2 INNER IMPEDANCE RING LGSS COEFFICIENTS

TEST COKDITIONS

TEST NUMBER 7 RUN  HNUMBER 2 DATE RUN 05 08 64

BAR. PRESS.= 27.20 IN no= (4.33 P>IA TYPEA MLTEINL KIMG TYPEA SPACER PLATF

MCEERING RING CLEARANCE= 3.00U35 ANNULUS CLEARANCE= 0.0177 MCTERING RING AREA rATIO0=0.398
EQUEVALENT DIAMETER= J.1371 ANNULUS AREA= 0.2488 SQ 1IN METERING RING AREA= 0.0390 SQ IN

PRESSURES IN PSIG, PRESSURE DROPS IN PSID, TEMPERATURE IN DEG.R, FLOW RATE IN L3/SEC

Pl DPISA DP1SB DP16A DPL6B DPSABA DPS888 DP8A4 DP8B4 TEMP

742.0 7.8 8.0 10.6 10.5 5.2 4.7 25.0 29.0 528.6

740.0 7.9 8.1 10.6 10.6 5.2 4.8 25.0 29.0 524.6

738.0 7.5 7.5 10.0 10.0 4.8 4.8 23.5 27.0 523.2 =
132.0 7o3 7.2 9.8 9.7 4.7 4.7 22.5 2640 521.4 o)
751.0 6.7 6.5 8.8  B.T 4.3 4.4 20.0 23.5 520.6

132.0 6.7 6.4 8.8 8.6 4.1 4.3 21.0 24.0 514.7 %
754.0 6.1 5.4 8.2 8.1 3.8 4.2 19.5  22.5 512.7 &
750.0 5.8 5.6 1.7 7.6 3.6 3.9 18.5 21.5 512.C g
735.0 5.6 5.3 7.2 1.2 3.4 3.5 17.0 20.5 510.9 .
750.0 5.2 5.l 6.6 6.6 3.1 3.2 15.5 18.0 510.2

749.0 4.4 4.4 6.0 6.0 2.8 2.8  13.5 16.C 509.0 =
140.0 4.0 4.l 5.6  S.6 2.7 2.5 13.0 15.0 509.C o
750.0 3.7 3.8 5.0 5.0 2.4 2.4 12.0 13.5 505.8 5
743.0 3.1 3.3 4.3 46 2.1 2.1 10.5 11.5 503.8  p-
745.0 3.0 3.0 4.0 4.1 2.0 2.0 10.0 11.0 507.9 o
746.0 3.0 3.1 4.0 4.1 2.0 2.0 9.5 11.0 507.7 o .
751.0 2.8 2.1 3.8 3.8 1.8 1.8 9.0 10.0 507.5 2
(51.0 2.4 2.4 3.3 3.3 1.6 1.5 7.0 8.0 $07.0

755.0 2.0 2.0 2.8 2.3 1.4 1.3 6.5 7.0 507.0

752.0 1.8 1.8 2.6 2.6 1.2 1.2 6.0 6.5 506.8
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Cl-2 INNER IMPEDANCE RING LOSS COEFFICIENTS

TEST CONDITIONS

TEST  NUMBER 7 RUN  NUMBER 2 DATE RUN 05 08 64

Bak, PRCESS.= 27.28 IN Ho= 14.33 P3SIA TYPEA METERING RINMNG TYPZA SPACZR PLATE

McTERING RING CLEARANCE= 0.0095 ANNULUS CLEARANCE= 0.077 METERING RING ARLA RATIU=0.398
EQUIVALENT DIAMETER= 0.1371 ANNULUS AREA= 0.2488 SQ IN METERING RING AREA= 0.0990 SQ IN

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

FLOW DP16AV OPS58AV DP6BAV DPB4AV Cle RE18 F58 F68 CdaAA RES4 CH4MRA
0.2147 10.55 4.95 2.30 27.00 1.6510 2.3685E 05 0.0168 0.0162 4.1558 2.4073E 05 0.56580 =
0.2153 10.60 5.00 2.40 27.00 1.6587 2.3859c 05 0.0170 0J.0169 4.1544% 2.425CE C> 0.6578 g
0.2082 10.00 4.80 2.30 25.25 1.6732 2.3110€ 05 O0.01l75 0.0174 4.1579 2.3489E 05 0.6584 )
0.20406 9.75 4. 70 2.20 24.25 1.6819 2.2761€ 05 0.0176 0.0171 4.1183 2.3134E 05 0.6521 ég
0.1387 8.75 4435 2.2C 21.75 1.6422 222127 05 040178 0.0187 4.0254 2.2690E 05 0.6374 =
0.1954 8.70 4.20 2.05 22.5C 1.6588 2.1769E 05 0.0174 0.0177 4.2301 2.2323E 05 0.6698 >4
0.1924 8.15 4.00 1.80 21.00 1.6628 2.1629E 05 0.0178 0.0166 4.2309 2.1933E 05 0.6699 .
0.1863 7.65 3.75 1.80 20.00 1.6586 2.0961E 05 0.0177 0.0177 4.2844 2.1304E 05 0.6734
0.1799 7.20 3.45 1.70 18.75 1.6452 2.0276c 05 0.0172 0.0176 4.2350 2.0609€E G> 0.6706 ?;
0.1716 6.60 3.15 1.70 16.75 1.6923 1.9351& 05 0.C176 0.0198 4.2438 1.9668E 05 0.6729 o]
0.1622 6.00 2.80 1.20 14.75- 1.7222 1.8324E 05 0.0175 0.0156 4.1951 1l.8625E 0> 0.6643 Ei
0.1552 5.60 2.60 1.05 14.00 1.7373 1.7527& 05 G.0l7T6 0.0148 4.3002 1.7814c 05 0.63819 e
0.1484 5.00 2.40 1.15 12.75 1.719u 1.67625 05 0.0130 0.0180 4.3493 1.7037e C> 0.6887 g
6.1382 4.35 2.10 0.95 11.00 1.7090 1.5612€ 05 (0.018C 0.9170 4.2924 1.5867c 05 0.6797 ®
0.1337 4.05 2.00 0.95 10.50 1.7073 1.5121€ 05 0.0184 0.0182 4.3981 1.5368E 05 0.6964 .
0.1341 4.05 2.00 1.00 10.25 1.6994 1.5173E 05 0.0133 0.0191 4.2733 1.5422c 05 0.6766 ~
0.1273 3.80 1.80 0.75 9.50 1.7815 1.44065 05 0.0185 0.0160 4.4282 1.4642E 05 0.7012
0.1188 3.30 1.55 0.65 7.50 1.7781 1.3452€ 05 0.0183 0.0159 4.0210 1.3672E 05 0.6367
0.1094 2.80 1.35 0.55 6.75 1.7860 1.2392E 05 0.U189 0.0160 4.2889 1.25952 05 0.6791
0.1031 2.60 1.20 0.40 6.25 1.8628 1.1678E 05 0.0188 0.0131 4.4609 1.1870E 05 0.7064
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TEST
BAke

7

PRESS.= 22.28 IN Ho=
METeRING RING CLEARANCE= 0.0075

ci1-2

l4.38

EQUIVALENT DIAMETER= 0.1371

PRESSURES

Pl
151.0
752.0
745.0
7155.0
750.0
747.0

PSIG,

PRESSURE
DP15A DPL15B
1.7 1.6
1.4 1.3
1.2 1.2
0.9 0.9
0.6 0.6
0.6 0.6

INNER

Psl

A

IMPEDANCE RING LGSS COEFFICIENTS

TESFT CONDITIONS
RUN  NUMBER 3 DATE RUN 05
TYPEA METERINGL RIND TYPcA  SPACER
ANNULUS CLEARAMCE= 0.077 METERINGL RING
ANNULUS AREA= 0.2488 SQ IN METERING RING
IN PSID, TEMPERATURE IN DEG.R, FLOW

DP1L68 DPS5ASA DP5838 DP3A4 DPBB4
2.2 1.0 1.0 5.5 6.0

08 64

PLATE

AREA RATI0=0.393
AREA= 0.0990 SQ IN

RATE IN LB/SEC

TEMP
507.0
506.8
507.7
508.8
509.7
510.0
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Cl1-2 INNER [IMPEDANCE RING LOSS COEFFICIENTS

TEST CONDITIONS

TEST NUMBER 7 RUN NUMBER 3 DATE RUN 05 08 64

BAR. PRESS.= 29.28 IN Hu= 14.33 PSIA TYPZA METERIMG RING TYPcA  5PAlZx PLATH

METERING RING CLEARANCE= 0.0095 ANNULUS CLEARANCE= 0.077 METERING RING AREA ATIO=0.398
EQUIVALENT DIAMETER= 0.1371 ANNULUS AREA= 0.2488 S¢ IN METERINu RIvu AREA= 0.0J90 SQ IN

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

FLOW DPl6AV DPS58AV DP63AV DP34AV Clé REL18 F58 F68 C84AA RE84 CB4MRA
0.0963 2.20 1.00 0.45 5.75 1.8038 1.0904c 05 0.0180 0.0168 4.6987 1.1083E 0> 0.7440
0.0891 2.00 0.85 0.20 4.25 1.9202 1.0088E 05 0.0179 0.0088 4.0671 1.0254E 05 0.6443
0.0813 1.70 0.75 0.25 4.10 1.93064 9.2030E 04 0.0187 0.0130 4.65d5 9.3535E 04 0.7376
0.0728 1.20 0.55 0.25 3.50 1.7254 8.2214c 04 0.0173 0.0164 5.0233 B.3564c U4 0.T79%4
0.0604 0.90 0.50 0.20 2.25 1.8631 6.8169E 04 0.0227 0J.0189 4.6513 0.7286 C4v 0.73065
0.0663 1.10 0.47 -0.33 2.00 1.8830 T.4787€ 04 0.01738 -0.0020 3.4189 7.6013L 04 0.5414
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WANL~TME-826
APPENDIX B
COMPUTER PROGRAM NOMENCLATURE
INPUT TAPE AILR  DATA
A Width of annulus (3.487 inches)
B Length of raised portion of metering ring
CMR Metering Ring Clearance
D Annulus clearance
DE Equivalent diameter of annulus
DIS Distance between P6 and P8 (3.0 inches)
DP11A Differential pressure between Pl and PlA
DF11B Differential pressure between Pl and P1B
DP16A Differential pressure between Pl and P6A
DP6A6B Differential pressure between P6A and P6B
DP6A8A Differential pressure between P6A and P8A
DP8ASB Differential pressure between P8A and PS8B
DPBA3A Differential pressure across metering ring measured
from P8A to P3A
DP8AL Differential pressure across metering ring measured
from P8A to P4
DP3A4 Differential pressure measured from P3A to P4
DPLLA Differential pressure between P4 and PLA
DPLLB Differential pressure between P4 and PLB
E Height of step in metering ring (0.038 inches)
PA Atmospheric pressure
Pl Pressure at inlet plenum

COhRRRAfd——
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P34

Pl
P5
P5A
P6A

P8A

OUTPUT TAPE
DP16AV
DP68AV
DP83AV
DP8LAV
DP3LAV
FLOW
F68
P1AB
P3AB
P6AB
P8AB

R

CizﬂsﬂanCMWf

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 plenum thermocouple

Millivolt reading exhaust plenum thermocouple

Average differential pressure measured from Pl to P6
Average differential pressure measured from P6 to P8
Average differential pressure measured from P8 to P3
Average differential pressure measured from P8 to P4
Average differential pressure measured from P3 to P4
Flow rate

Anmulus 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

TN .
T 53
Atomic Energy Act -



RE1668

RE8384

RO16

RO34

RO5

RO68
RO834
TR
TR1

TR2

VIS

e

@A stronuclear

WANI~TME-826

APPENDIX B (Continued)

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

Air density at the inlet plenum, based on PlAB

Air density downstream of the metering ring, based on P3AB
Air density at the inlet of the flow measuring nozzle,
based on P54

Air density in the annulus, based on PHAB

Air density upstream of metering ring, based on P8AB
Average air temperature in the test fixture

Air temperature at the inlet plenum

Air temperature at the exhaust plenum

Average viscosity of the air flowing through the test fixture

54



| 4
|
¢
E ]

DIMENSION P1(50),P3A(50) ¢P4(50),P6A(5C),PBA(50),P5150),0P11A(50), 8/17/64 PAGE 1 :
DIMENSION P1(50),P3A(50) ,P4(50),P6A{5C),P8A({S0)},P5(50),DP11A(50), 3 -
1DP118B{50),DP16A(50), DP6AGB{50),DP6A8A(50),DP8A8B(50),D0P8A3A(50), 4 |
20P3A3B{5C),DPBA4(50),0P3A4(50) ,DP44A(5C) ,DP44B(50),FLOW{5C),CP16AY 5 -
3(50),0P68AV{50) ,OP83AV(50),DP84AV(50),0P34AV(50),C16(50),REL6(50), 6 L
4RE68(50),RE834({50),PSAL50),RE34150),F68150),C83(50),C84(5C),C34(50 7 "
5)sVML(50),VM2(50),PLAVG(50)},RD(4),TRI{50),TR2(50),TR(50},VIS(50) 8
30 RIPT 5429J,PAs TNG,RNOsRD,CMRyARMR,A,B,C+EsMRT,SPT,DEF,DIS 9 NON-STANDARD l
2 FORMAT (16,E12.8,2(18),4A6,2E11.8,/4E12.8,2A3,2E11.8) 10 '
PA = PA ® 0.4912 11 N
AMR ‘=(BsCMR) + (CMR+E) * {A-B) 678
00 200 1I=1,J 12
RIPT 5,3,PL(1),P3ALI),P4(1),P6A(I),PS8A(I),DPL1A(]),DPLIB(I),0PL6A( 13 NON-STANDARD
11),CP6A6BII),DP6ABAL1),DPABBI1),DPBA3A{1),DP3A3B(1),DP8A411),DP3A 14 NON-STANDARD
24(1),DP44ACE)DP44B(1),P5(1),VML{I),VM2(]) 15 NON-STANDARD i;
3 FORMAT (6€12.8,/6E12.8,/6E12.8,/2E12.8) 16 g
DPL1A(I)= DP11lA(I) # 0.03613 17 %
DP11BtI)= DP11B(I) + 0.03613 18
DPL6A(I)= DP16A{I) » 0.4912 19 ;3
DP6A6B(1)=DP6A6B{I)* 0.03613 20
OP6ABA(1)=DP6ABA(I)* 0.4912 21 os}
DPBASB(1)=0PBASB(I)» 0.03613 22 —
DPBA3A(I1)=DPBA3A(I)s 0.4912 23 Q
DP3A38(1)=DP3A3B(I)# 0.03613 24 =
DPBA4([)= DP8A4(I) * 0.4912 25 ot
DP3A4(1)= DP3A4(I) = 0.4912 26 =
DP44A(I)= DP44A(I) * 0.03613 21 c
OP44B(I)= DP44B(I) #» 0.03613 28 e
TRI(1}=537.066+44.229¢(LOGF(VMLI{[))1+2C.B836#(LOGF(VML{I)))=*2.46.0 29 N
142¢ (LOGF(VML(I)))#23.+41.1089%(LGGF(VML(I)))®e4.40.12¢(LOGF(VML(])) 30
2)#85,40.C062% (LOGF(VML([)))=ag, 31
TR2(I)=527.066+44.229*(LOGFIVM2(1)))+2C.836% (LOGF(VM2(I)))%22.46.0 32
142 {LOGF(VM2{1)))*#3.+1.1089#{LOGF{VM2([)))*e4.+0.12*{LOGF{VM2(])) 33
2)#85,40.C062« (LOGF{VM2({ 1)) ) #n5, 34
TR =(TRL{I)+TR2(1))/2. 35
ROS = 2.6997 » ((PS(I1)#({0.03613))+PA)/TR(I) 35A
PSALI) = (P5(1) » (0.03613 )) + PA 3581
R = PA / P5A(1) 3582
FLOW(I) =0.96295#SQRTF{(R*#1.4286)%{1.C-{R»+0,2857))#P5A(])=R05) 3583 =
1 /SGRTF(1.0~0.2442%(Re21.4286)) 3584 =
DP16AV(I) = DPL6A(L)+DP6AGBII)-DP11A{I)/3.~ DPL1B{I}/3. 36 N
DP6BAVII) = DP6ABA(I) - DP6A6B(I)/2. + DPBABB(I)/2. 37 by Q
DP83AV(1) = CPBA3A([) + DP3A3B(1)/2. - CP8ASB(I)/2. 38 S
DPB4AV(1) = DPBA4(I) — DPBABS(I1/2.+(DP44A{I)+DP44BI(I))/3. 39 §g
3
® 8
2 8
\
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DIMENSION PL{50}+P3A(50}) 4P4(50),P6A(5C),P8BA(50),P5(50),DP11A(501], 8/11/64 PAGE 2

DP34AV(I) = CP3A4(1) - DP3A3B(1)/2.+(DP44AL]1)+DP44B(])) /3. 40
PLAB = P1(I1) -(DPLLA{I)+DPL1B(1})/3. +PA 41
P6AB = P1AB - DPL16AVI(I) 42
PBAB = PE&AB - DP6&BAVII) 43
P3AB = PBAB - DP83AV(I) 44
ROL6 = 2.6997 = (P1AB)/TR(I) 45
RO68 = 2.6997 ¢ (P6ABY/TRII) 46
ROB34= 2.6997 = (PBAB)/TR(I) 47
RG34 = 2.6997 & (P3AB)/TR{I) 48
IF(DEF) 50,50,51 49

50 AA = A=D - 0,.0195
DE = 2.¢{A#D - 0.0195) /{A+D+0.067)

60 10 52

51 AA = AsD 52 Far
DE = 2.%(A=0)/(A+D) 53 o

52 C16(1)=.44686%R0165AA*=22DP16AVII)/FLOW(I)#s2 Eg
F68(1)= C.44686%R068#DP6BAV(I)s AAss2./FLON(I)e=2,eDE/DIS 544
C83(1)= 0.446865R0834#DPB4AVII) #AA® =2, /FLOW(1)#s2, H
€84 (1)= C.44686%R08342DPB4AV (1) sAMR##2/FLOW( )2
€34(1)=0.446862R034*DP34AV(1)»AAS=2/FLOWI L) 2e2 to
VIS(I)=3.6569 E-07 +5.56E~10 =(TR(I1)=505.6) 55 ~
RE16(1)=0.373FLOW(T1)#DE/ (AA=VIS(I)) Q
RE6GBLII=REL6L1) 57 8
IF{CMR) 40,40,22 58 o+

40 IF(DEF) 31,31,32 59 )

31 REB34(I) =1.4921%FLOW(I)/(VIS(I)e (4 vE+2.¢(A~B))) 60 g
6070 21 61 a

32 REB34(1) =1.4921sFLOW(I)/(VIS(I)#(2.%E+2.(A-B))) 62 <
GoTo 21 63

22 1F(CEF)1CC0,1000,1001
1000 REB34(1)=1.4921*FLOWII)/IVISII)={2.2A32 ,2CMR+4.2E))

GO0 10 21
1001 REB34(1)=1.4921+FLON(I)/{VIS{I)#(2.2A+2.2CMR+2.#E))
21 RE34({1)=REL6LI) 65
200 CONTINUE 66
ARMR=AMR/ AA
PA= PA /C.4912 67
LINES =1 68 =
D0 300 I=1,J 69 =
IF(LINES-1) 4,5,4 70 =2 [::
S5 WOT 6,1,TNO,RNO,RD,PA,MRT,SPT,CMR,D,ARFR,DE AR, AMR 71 NON-STANDARD 5* q
1 FORMAT (1Hl //// 22B,64HMASS FLOW VS PRESSURE DROP AND LOSS COEFF1 72 S
1CIENT VS RE FOR REV- 5 //478,15HTEST CGNDITIONS //,58,11HTEST NUMB 73 Eg §§
\
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1
-3

DIMENSION P1{50),P3A(50) ,P4(50)},P6A(5C),PBA(50),P5(50),DP11A{50),

2ER 18 ,218,11HRUN NUMBER I8 ,118,9HDATE RUN 4A6,/58,22HBARCMETRIC
IPRESSURE = F6.3,6H IN HG,6B,4HTYPE A3,13HMETERING RING,108,4HTYPE
4A3,12HSPACER PLATE /5B,26HMETERING RING CLEARANCE = ,F6.4,8B,20HAN
SNULUS CLEARANCE = ,£F5.3,58,26HMETERING RING AREA RATIO = ,f4.37/,58
6921HEQUIVALENT DIAMETER = s FTe4,128,15HANNULUS AREA = ,F6.
T4418,5H5C IN,3B+21HMETERING RING AREA = 4F6.441B,5HSQ IN 77/}
WOT 6,6
6 FORMAT (2B,2kP1,5B,3HP3A,4B,2HP4,58,3HP6A,4B,3hP8BA,3B,5H0P16A,28+6
1HDP6A6B,28, 6HDP6EABA, 28, 6HDPBABE,2B, 6HDP3A38,28,5H0P8A4,28,5HCP3A4,
228, 6HDPBA3A,28,5HDP44A,38,2HTR,/2B,3HPSI,614B,3HPSI),4(58,3HPS1},3
3{4B¢3HPSI)},58,1HR//)
4 WOT 6,7,P1{1),P3A(1),P4(1),P6A{1),PBALI),DP16A(]),DP6A6BLI),0P6ABA
1(I),0P8A8BB(11,0P3A3B(1),.0PBA4(I),DP3A4(])},DPBA3A(1)},0P44A(1),TR(I)
T FORMAT (1ByS5(F5.1¢28)4F5.2,2894({F6.3,2B)9F5.242B9F5.3+428,F6.3+18,F
15.3+28,F€.2 /)
LINES = LINES +1
IF(LINES - 30} 300,8,300
8 LINES = 1}
GO TG 5
300 CONTINUE
LINES = 1
DO 400 I=1,J
IF{LINES-1) 9,10,9
10 WOT 6420,TNO,RNOyRDsPAsMRT,SPTyCMR,D,ARMR,DE,AA,AMR
20 FORMAT (1K1 ////7 22B,64HMASS FLOW VS PRESSURE DROP AND LOSS COEFFI1
ICIENT VS RE FOR REV- 5 //478,15HTEST CCNDITIONS //,58,L1HTEST NUMB
2ER I8 ,218,11HRUN NUMBER 18 ,11B,9HOATE RUN 4A46,/58,22HBAROMETRIC
3PRESSURE = F6.3,6H IN HG,6B,4HTYPE A3,13HMETERING RING,»10B,4HTYPE
4A3, 12HSPACER PLATE /5B8,26HMETERING RING CLEARANCE = ,F6.4,88,20HAN
SNULUS CLEARANCE = ,F5.3,58,26HMETERING RING AREA RATIO = ,F4.3/,58
6921 HEQUIVALENT DIAMETER = »F7.4,12B,15HANNULUS AREA = ,Fé6.
T441By5H5C IN,38,21HMETERING RING AREA = ,F6.4+1By5HSQ IN //7/)
WOT 6,11
11 FORMAT (28,6H0P16AV,28,6HDP68AV,2B,6H0PB3AV,2B,6HDPB4AV,2B,6HDP34A
1V43B,3HC16,48,6HRE1668,5B,3HF68,5B,3HC83,48,6HREB384,5B,3HC84,4B,3
2HC34,438+4HFLOW / 4By3HPSI4(58,3HPSI)£61B46HLB/SEC //)
9 WOT 6,12,0PL6AVII),DP68AV(I),DP83AV(I),DP84AV(I),DP34AVII),C16(I1),
IRE16(1),F68(1),C83(1),REB34(1),C84(1),C3411),FLOW(T)
12 FORMAT (28B,F6.3,4(2B,F6.3),28B,F5.3,1B,1PE10.3,28,CPF5.4,2B,F5.3,18
1,1PE10.3,28,0PF5.3,38,F5.3,2B8,F6.4 / )
LINES = LINES +1
IF (LINES -30) 400,13,400
13 LINES =1

8/17/64

110
111
112

PAGE 3

NCN-STANDARD

NON-STANDARD
NON-STANDARD

NON-STANDARD

NON-STANDARD

NON-STANDARD
NON-STANDARD
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DIMENSION P1(50),p3A(50)

G0 YO 1C

400 CONTINUE
GO TO 30
END

+P4(5C)+P6A(S5C),PBAL50),P5(50),DP11A1(50),

8/17/64

113
114
115
116

PAGE 4
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118.0 906.0 88.5 113.2 112.0 5.40 0.005 l.154 0.061 -0.C074 23.82 1.277 22.595 0.220 513.73
118.0 83.5 82.0 112.5 111.0 5.99 0.013 1.302 0.058 0.069 29.32 1.488 27.527 0.289 513.590
118.0 76.0 74.5 112.5 111.0 6.58 0.011 1.424 0.076 0.338 36.15 1.646 35,037 0.379 513.28
118.0 64.0 62.5 111.8 110.5 6.99 0.009 l1.498 0.067 0.84C 48405 0.884 46.551 0.600 513.28
118.0 59.0 59.0 111.5 110.0 7.00 0.013 1.523 0.061 0.929 51.06 0.196 51.055 0.643 513.50

% (o
{ ()
: |
MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5 \ '."J
- - -—
TEST CONDITIONS i =
—
TEST NUMBER 2400 RUN NUMBER 2 DATE RUN DECEMBER 19, 1963 T
BAROMETRIC PRESSURE = 29.840 IN HG TYPE C METERING RING TYPE B SPACER PLATE 5
METERING RING CLEARANCE = 0.0120 ANNULUS CLEARANCE = 0.080 METERING RING AREA RATIO =.382 -
EQUIVALENT DIAMETER = 0.1564 ANNULLS AREA = 0.2787 SQ IN  METERING RING AREA = 0.1066 SQ IN » -
<
»
P1 P3A P4 P6A PBA  DPl16A DP6A6B DP6ABA DPB8ABB DP3A33 DPBA4 CP3A4 DPBA3A DP44A TR : p
PSi PS1 PSI PSI PS1 PS1 Psi PSI PSI PSI PSI PSI PSI PS1 R -
o
120.0 119.0 119.0 120.0 120.0 0.27 0. 0.049 0. 0.C07 Q.87 G.049 0.835 0.016 517.82 -
119.5 118.0 117.5 119.8 119.5 0.5 -0.002 0.098 =-0.002 =-0.047 1.79 0.123 1.695 0.022 517.36 A
120.0 117.9 117.3 120.0 119.8 0.78 0. 0.147  0.005 =-0.07C  2.48 0.098  2.333 0.033 516.91
120.0 116.5 116.0 119.5 119.4 0.98 =-0.002 0.206 0.011 -0.091 3.26 0.172 3.119 0.043 516.00 3
120.0 115.3 114.8 119.3 119.0 1.28 -0.002 0.270 0.010 -0.126 4.20 0.295 3.930 0.054 515.55 %
120.0 114.0 113.5 119.0 118.7 1.47 -0.003 0.319 0.013 =-0.108 5.07 0.295 4.765 0.051 515.10
120.0 112.8 112.1 118.9 118.2 1.82 -0.003 0.393  0.013 -0.126 6.09 0.344 5.722 0.061 514.87 LI
120.0 111.2 110.5 118.2 117.5 2.11 =-0.002 0.442 0.020 -0.145 7.20 0.393 6.779 0.072 514.19
120.0 110.0 109.0 118.0 117.2 2.43 O. 0.516 0.022 =-0.172 8.40 0.481 7.884 0.090 514.19 @
120.0 108.0 107.0 118.0 117.0 2.87 0.004 0.614 0.023 -0.179 10.07 0.589 9.456 0.108 513.96
120.5 105.0 104.5 118.0 117.2 3.41 0.004 0.712 0.027 -0.204 12.62 0.663 11.887 0.14B 513.73 Q
120.0 101.7 100.5 116.9 115.8 4.00 0. 0.835 0.036 =-0.204 15.25 0.835 14.368 0.168 513.50 2
120.0  97.5 96.5 116.5 115.2 4.62 O. 1.007  0.047 -0.098 18.91 1.007 17.831 0.181 513.96 ¢
5
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MASS FLOW VS PRESSURE DROP AND LDSS COEFFICIENT VS RE FOR REV- §

TEST CONDITIONS

TEST NUMBER 2400 RUN NUMBER 2 DATE RUN DECEMBER_ 19, 1963
BAROMETRIC PRESSURE = 29.840 IN HG TYPE C METERING RING TYPE B SPACER PLATE
METERING RING CLEARANCE = 0.0120 ANNULUS CLEARANCE = 0.080 METERING RING AREA RATIQ =.382
EQUIVALENT CIAMETER = 0.1564 ANNULUS AREA = 0.2787 SQ IN METERING RING AREA = 0.1066 SQ IN
DP16AV DP6BAV Dp83AV DPB4AV  DP34AV C16 RELl668 F&8 ca3 RE8384 C84 C34 FLOW
PSI PsI PSI PS1 PS1 LB/SEC

0.270 0.049 0.839 0.886 0.057 1.504 3.728E 04 .0142 4.920 3.76lE 04 0.719 0.314 0.0662
0.563 0.098 1.672 1.808 0.160 1,554 5.292E 04 .0141 4.963 5.338E 04 0.725 0.434 0.0938
0.776 0.150 2.295 2.498 0.154 1.576 6.187E 04 .0158 5.039 6.241E 04 0.736 0.305 0.1096
0.981 0.213 3.068 3.263 0.244 1.528 7.079t 04 .0171 5.039 T.142E 04 - 0.736 0.368 0.1253
1.275 0.27¢ 3.861 4.230 .0.393 1.555 8.0l11E 04 .0174 5.098 8.082€ 04 0.T45 0.460 0.1417
1.471 0.327 4.704 5.099 0.380 1.504 B8.757E 04 .C172 5.145 8.835E 04 0.752 0.370 0.1548
1.815 0.401 5.653 6.124 0.447 1.569 9.529E 04 .0178 5.2C9 9.613E 04 0.761 0.364 0.1684
2.110 0.453 6.696 7.232 0.51F 1.572 1.028E 05 .0173 5.285 1.,037€ 05 0.772 0.354 0.1815
2.431 G.527 7.787 8.443 0.621 1.587 1.099E 05 .0176 5.390 1.108E 05 0.788 0.373 0.1939
2.877 0.624 9,354 10.128 0.749 1.598 1.192E 05 .0177 5.479 1.202€E 05 0.801 0.376 0.2103
3.417 0.724 11,771 12.699 0.854 1.589 1.306E 05 .0171 5.724 1.317¢€ 05 0.837 0.350 0.2303
4.003 0.893 14.247 15.331 1.034 1.597 1.408€ 05 .0172 5.894 1.420& 05 0.861 0.354 0.2482
4.617 1.030 17.758 18.999 1.167 1.589 1.514E 05 .0179 6.266 1.527E 05 0.916 0.332 0.2671
5.433 1.182 22.527 23.925 1.447 1.636 1.607€ 05 .0178 6.844 1.622E 05 1.000 0.340 0.2835
6.029 1.324 27.532 29.463 1.621 1.626 1.700E 05 .0178 7.503 1.715€ 05 1.097 0.322 0.2997
6.619 1.457 35.168 36.337 1.699 1.638 1.775E 05 .0179 8.444 1.791E 05 1.234 0.283 0.3129
7.025 1.527 46.938 48.381 0.829 1.637 1.829E 05 .0176 0.546 1.846E 05 1.541 0.112 0.3224
7.039 1.547 51.489 51.420 0.127 1.640 1.828& 05 .0l78 1.206 1.845E 05 1.638 0.016 0.3224
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MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- S

TEST CONDITIONS

TEST NUMBER 250C RUN NUMBER 3 DATE RUN JANUARY 16, 1964

BAROMETRIC PRESSURE = 29.380 IN HG TYPE € METERING RING TYPE B SPACER PLATE

METERING RING CLEARANCE = 0.0110 ANNULLS CLEARANCE = 0.080 METERING RING AREA RATIO =.415

EQUIVALENT DIAMETER = 0.1564 ANNULLS AREA = 0.2787 SQ IN METERING RING AREA = 0.1158 SQ I
Pl P3a P4 P6A PBA DP16A DP6A6B [OP6ABA DPBABB DP3A3B DPBA4 CP3A4 DPBA3A DP44A TR
PSS! PSl PSI PS1 PSI PSi PSI PSI PSI PSI Psl PSI PSI PSI R
119.0 117.5 116.8 119.0 118.5 0.65 0. 0.147 -0.018 6.C05 1.72 0.108 1.596 0.058 520.G8

120.0 117.0 116.5 119.5 119.0 1.03 -0.002 0.246 -0.022 0.085 2.82 0.172 2.628 0,087 516.91
120.0 115.5 115.0 119.0 118.5 1.40 -0.004 0.344 -0.033 0.13C 3.86 0.270 3.610 0.119 515.10
120.0 114.0 113.5 11%9.0 118.2 1.77 -0.002 0.418 -0,040 0.116 4.94 0.295 4.617 0.173 513.74
119.8 112.0 1l11.5 118.5 117.3 2.11 =0.002 0.491 -0.043 C.083 6.07 0.319 5.722 0.228 512.14
120.0 110.8 110.0 118.0 117.0 2.48 -0.007 0.589 -0.056 -0.195 7.29 0.373 7.000 0.278 508.95
119.8 108.0 107.2 117.2 116.3 3.05 -0.002 0.688 =-0.060 -0.228 9.19 0.393 8.842 0.343 506.44
120.0 104.5 103.5 117.0 115.5 3.78 -0.007 0.884 -0.079 -0.280 12.26 0.467 11.789 0.441 505.52
119.9 102.0 101.0 116.2 115.0 4.18 -0.007 0.982 -0.076 -0.264 13.95 0.540 13.434 0.477 505.06
120.0 99.8 99.0 116.0 114.5 4.57 -0.004 1.056 -0.087 -0.264 15.87 0.589 15.227 0.524 503.068
120.1 97.3 96.8 116.0 114.8 5.05 =-0.004 1.179 -0.108 -0.313 18.22 0.639 17.536 0.553 503.22
119.5 93.0 92.8 114.8 113.0 5.55 -0.004 1.277 -0.101 -0.495 20.95 C.614 20.336 0.650 502.76
118.0 87.9 87.0 113.0 11l.1 6.02 -0.007 1.375 -0.110 -0.609 24.39 0.639 23,725 0.752 502.99
118.5 83.0 82.2 112.8 1l11.0 6.61 -0.007 1.523 -~0.125 -0.696 28.91 0.688 27.998 0.824 502.53
117.5 75.2 74.0 111.0 109.2 7.00 0. 1.621 -0.072 -0.137 35.42 0.909 33.996 0.730 502.07
115.0 54.0 56.5 108.5 106.5 T.44 -0.007 1.695 =-0.094 -1.843 50.05 2.407 52.558 1.203 500.92
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9

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

TEST NUMBER 2500 RUN NUMBER 3 DATE RUN JANUARY 16, 1964

BAROMETRIC PRESSURE = 29.380 IN HG TYPE E METERING RING TYPE B SPACER PLATE

METERING RING CLEARANCE = 0.0110 ANNULLS CLEARANCE = 0.080 METERING RING AREA RATIO =.415

EQUIVALENT DIAMETER = 0.1564 ANNULUS AREA = 0.2787 SQ IN METERING RING AREA = 0.1158 SQ IN
DP16AV DP68AYV DP83Av DP8B4AV DP34aAvV Clé6 RE1668 F68 cs3 REB384 cs4 C34 FLOW

PSI PSI PSsl PSI PSI LB/SEC

0.653 0.138 1.608 1.770 0.148 1.703 5.394E 04 .0187 4.586 5.440E 04 0.791 0.377 0.0961
1.030 0.236 2.681 2.903 0.197 1.657 6.945E 04 .0196 4.626 1T.004E 04 0.798 0.308 0.1231
1.396 0.329 3.692 3.965 0.298 1.662 B8.110E 04 .0202 4.659 B8.180E 04 0.804 0.340 0.1433
1.767 0.399 4.695 5.086 0.367 1.656 9.170E 04 .0192 4.6S1 9.249E 04 0.809 0.326 0.1617
2.110 0.470 5.786 6.257 0.446 1.654 1.006E 05 .0189 4.808 1.015E 05 0.830 0.328 0.1771
2.473 0.565 6.930 7.507 0.655 1.648 1.10l1E 05 .0193 4.888 1.110E 05 (.843 0.404 0.1928
3.044 0.659 8.758 9.453 0.744 1.667 1,221t 05 .0184 5.033 1.231€ 05 0.868 0.370 0.2130
3.775 0.848 11.689 12.589 0.901 1.654 1.369E 05 .0188 5.327 1.381€ 05 0.919 0.347 0.2385
4.168 0.948 13.340 14.313 0.997 1.661 1.437E 05 .0LI91 5.486 1.449E 05 0.947 0.343 0.2501
4.565 1.015 15.139 16.260 1.072 1.665 1.507E 05 .0186 5.686 1.520E 05 0.981 0.331 0.2618
5.046 1.126 17.434 18.658 1.179 1.673 1.584E 05 .0187 5.902 1.597e 05 1.018 0.321 0.2749
5.571 1.228 20.139 21.434 1.295 1.735 1.632E 05 .0l91 6.337 1.646E 05 1.094 0.322 0.2831
6.039 1.324 23.476 24.943 1.443 1.683 1.715E 05 .0184 6.566 1.729E 05 1.133 0.309 0.2976
6.631 l.464 27.713 29.521 1.587 1.721 1.782E 05 .0188 7.197 1.798E 05 1.242 0.301 0.3091
7.032 1.585 33.963 36.020 1.546 1.767 1.807€ 05 .0197 8.461 1.822E 05 1.460 0.263 0.3131
7.468 1l.651 51.684 50.925 -0.661 1.726 1.872E 05 .G187 0.937 1.888E 05 1.887 0.081 0.3238
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MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5

TEST CONDITIONS

TEST NUMBER 2600 RUN NUMBER 2 DATE RUN JANUARY 16, 1964

BARCMETRIC PRESSURE = 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 CIAMETER = Q0.1564 ANNULUS AREA = 0.2787 SQ IN METERING RING AREA = 0.0963 SQ IN
Pl P3A P4 P&A PBA DOPL6A DP6A6B OCP6ABA DPBASB DP3A3B 0DPBA4 CP3A4 DPBA3A DP44A TR
PSI PSI PSI PSI PSI PSI PS1 PSI PSSl PSI PSI PSI PSI PSI R
120.0 119.8 119.0 12C.0 119.8 0.25 0. 0.039 0. 0. 0.87 G.039 0.835 0.011 521.88
119.0 117.0 116.0 1i8.8 118.0 0.64 0. 0.147 0.004 -0.056 2.30 0.196 2.137 0.016 519.63
118.0 114.5 113.8 117.6 117.0 1.01 0. 0.221 0.004 -0.125 3.71 0.221 3.488 0.027 517.59
119.8 114.0 113.2 119.0 118.0 1.40 0. 0.319 0.007 -~0.le68 5.16 0.295 4.863 0.025 517.37

120.5 113.0 112.8 119.5 119.0 l1.72 0.004 0.393 0.009 -0.191 6.68 0.29>5 6.3¢1 0.023 516.91
120.1 11l.0 110.5 119.0 118.5 2.06 0.007 0.467 0.014 -0.215 8.03 0.393 7.589 0.033 S516.46
120.0 109.0 108.2 Ll8.8 117.5 2.43 0.009 0.540 0.014 -0.231 9.58 0.521 9.038 0.033 516.23
119.6 100.5 105.5 117.5 116.8 2.80 0.009 G.814 0.016 -0.298 11.20 0.614 10.585 0.051 516.01
119.8 103,3 102.6 117.06 115.7 3.39 0.009 3.761 0.023 -0.369 14.12 0.786 13.361 0.072 515.33
120.2 101.0 100.4 1l17.5 116.5 3.73 0.009 0.810 0.018 =-0.426 16.28 - 0.860 15.350 0.083 515.10
120.0 98.0 96.5 116.8 115.2 4.20 0.004 0.958 0.025 =0.520 19.13 1.056 18.052 0.108 514.64
120.0 94.0 92.5 116.0 1ll4.5 4.69 0.004 1.056 0.036 =-0.603 22.15 1.253 21.097 0.134 5l4.42
120.1 9G.5 89.0 116.0 114.5 5.13 0.007 1.154 0.025 =0.67C 25.96 1.498 24.413 0.166 514.42
119.9 86.2 84.2 115.0 113.2 5.53 0.004 1.228 0.C29 ~0.761 29.64 1.842 27.006 0.195 514.42
118.6 79.5 t7.0 113.5 111.8 5.89 0. 1.326 0.036 ~-0.715 34.92 2.235 32.296 0.260 513.74
118.5 62.5 59.5 113.0 111.0 6.36 0.007 1.424 0.043 ~-1.239 51.56 2.923 48.550 0.481 513.28
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MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5

TEST CONDITIDNS

TEST NUMBER 2600 RUN NUMBER 2 DATE RUN JANUARY 16, 1964
BAROMETRIC PRESSURE = 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 = 0.1564 ANNULUS AREA = 0.2787 SQ IN METERING RING AREA = 0.0963 SQ IN
DPl6AY CP68BAV DPB83AV DP84AV DP34AV Ccleé RE1668 F68 ca3 REB384 cas4 C3a FLOW
PS1 PS1 PSI PSSl PSi LB/SEC

0.246 0.039 0.835 0.883 0.048 1.623 3.385E 04 .Cl135 5.820 3.413E 04 0.695 0.313 0.0604
0.639 0.149 2.107 2.310 0.237 1.654 5.415E 04 .0201 5.948 5.460FE 04 0.711 0.601 0.0964
1.007 0.223 3.423 3.725 0.302 1.642 6.833E 04 .0188 6.019 6:890t 04 0.719 0.475 0.1212
1.405 0.323 4.715 5.172 0.397 1.666 B8.073E 04 .0197 6.053 B.140E 04 0.723 0.448 0.1432
1.723 0.396 6.261 6.694 0.409 1.568 9.247F 04 .0185 5.999 9.324E 04 0.717 0.349 0,1639
2.070 0.471 T.474 8.047 0.523 1.598 1.004€E 05 .0187 6.096 1.012E 05 0.728 0.374 0.1778
2.440 0.543 8.915 9.594 0.659 1.615 1.084E 05 .0184 6.209 1.093E 05 0.742 0.398 0.1920
2.809 0.617 10.429 11.229 0.800 1.637 1.154E 05 .0184 6.377 1.164E 05 0.762 0.418 0.2043
3.398 0.76%9 13.165 14.163 1.023 1.642 1.271t 05 .0189 6.632 1.281FE 05 0.792 0.431 0.2247
3.742 0.815 15.128 16.334 1.133 1.626 1.343E 05 .0179 6.857 1.354E 05 0.819 0.420 0.2374
4.203 0.969 17.77/9 19.203 1.399 1.631 1.422E 05 .0190 7.162 1.434t 05 0.856 0.450 0.2512
4.695 1.072 20,777 22.242 1.661 1.635 1.502E 05 .0188 7T.414 1.514E 05 0.886 0.464 0.2651
5.163 1.163 24.065 26.075 1.961 1.644 1.571E 05 .0186 7.910 1.584E 05 0.945 0.483 0.2774
5.556 1.241 26.611 29.787 2.380 1.658 1.622E 05 .0185 8.440 1.635& 05 1.008- 0.534 0.2863
5.921 l.344 31.921 35.123 2809 1.677 1.659E 05 .0190 9.4C2 1.673E 05 1.123 0.561 0.2927
6.397 1.443 47.909 51.948 3.955 1.682 1.723E 05 .0188 2.854 1.738t 05 1.536 0.604 0.3038
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MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5

TEST CONDITIONS

TEST NUMBER 2700 RUN NUMBER 3 DATE RUN JANUARY 9, 1964

BARCMETRIC 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 SQ IN  METERING RING AREA = 0.1112 SQ IN
Pl P3aA P4 P&A PBA DP16A DP6A63 DP6ABA DPBABB DP3A3R DPBA4 DP3A4 DPBA3A DP&4A TR
PSI PSI PSI PSI PSI PSI PSI PSI PSI PSI PSi PSI PSI psi R

120.0 118.0 118.0 119.5 119.5 0.88 0.004 0.196 -0.007 0.C07 1l.67 0.172 1.817 0.007 524.58
120.0 115.5 115.8 119.0 118.5 l.47 0.007 0.295 -0.014 0.C04 2.80 0.295 3.095 0.018 521.43
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120.2 114.1 114.8 119.0 118.1 2.06 G.005 0.442 -0.018 0.018 4.03 0,403 4.411 0.036 520.31 E;
119.9 11l1.4 111.7 117.5 116.5 2.63 0. 0.585 -~-0.020 0.042 5.30 0.491 5.747 0.049 518.50 g
120.0 109.8 110.0 117.2 116.4 3.19 O. 0.688 -0.025 0.072 6.53 (0.589 7.122 0.061 517.59 Eg
120.0 100.8 107.1 116.5 115.0 3.93 0.007 0.845 -0.042 0.108 8.30 0.731 8.989 0.079 516.46 s}
120.0 103.0 103.% 115.5 114.0 4.66 0.011 1.056 =0.047 0.119 10.86 0.933 11.789 0.108 515.78 g:
119.6 100.5 101.5 115.0 113.5 5.535 0.00° 1.130 -0.061 0.145 12.23 1.032 13.262 0.112 515.10
120.0 97.5 99.0 11l4.5 113.0 6.09 0.011 1.277 -0.076 0.181 14.61 1.228 15.807 0.123 514.64 o
120.1 94.2 95.6 114.3 112.5 6.75 0.022 1.449 -0.098 04202 17.19 1.474 18.656 0.145 514.64 .~
117.0 84.0 86.0 110,0 108.0 7.69 0.027 1.646 -~-0.076 0.287 22.72 1.867 24,462 0.217T S514.42 E?
117.0 79.1 8l.0 109.% 107.5 8.23 0.014a 1.768 -0.090 0.361 26.62 24137 28.406 0.217 513.51 o]
117.0 12.2 74.8 109.0 106.8 8.72 0.018 1.867 -0.137 C.535 32.39 2.554 34.580 0.314 513.»1 ct
118.0 $3.0 58.0 109.5 107.0 9,01 0.018 1.891 -0.143 C.708 4&9.05 5.182 54,057 0.267 513.28 S.
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MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENY VS RE FOR REV- 5

TEST CONDITIONS

TEST NUMBER 2700 RUN NUMBER 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 CDIAMETER = 0.1428 ANNULUS AREA = 0.2592 sQ IN METERING RING AREA = 0.1112 SQ [I.i
DP16AV DP6BAV DP83AV DPB4AV DP34AvV Cleé RE1668 F68 cs3 REB384 [o-2 C34 FLOW
PS1 PSI PSI PSI PS1 LB/SEC

0.888 C.191 1.825 1.675 -0.174 1.689 5.716E 04 .0172 3.160 5.809E 04 0.581 0.324 0.1044
l.481 0.284 3.104 2.801 -0.303 1.703 7.409€ 04 .0154 3.178 7.530E 04 0.585 0.335 0.1347
2.068 0.430 4.429 4.028 -0.420 1.692 8.Bl4E 04 .C165 3.235 8.958E 04 0.595 0.326 0.1600
2.628 0.575 5.778 5.296 -0.531 1.692 9.967t 04 .0173 3.329 1.013E 05 0.612 0.319 0.1804
3.193 0.675 7.171 6.518 <-0.653 1.679 1.106E 05 .0165 3.328 1.124E 05 0.612 0.315 0.1999
3.937 0.820 9.064 8.291 -0.822 1.732 1.212E 05 .0167 3.519 1.232tE C5 0.647 0.325 0.2188
4.874 1.027 11.872 10.838 -1.034 1.720 1.356E 05 .0166 3.658 1.378E 05 0.673 0.317 0.2444
5.363 1.095 13.365 12.222 ~1l.144 1.740 1.414E 05 .0162 3.774 1.438E 05 0.694 0.316 0.2547
6.102 1.234 15.935 14.605 -1.364 1.730 1.517E 05 .0159 3.914 1.542E 05 0.720 0.320 0.2730
6.776 1.389 18.806 17.188 -1.628 1.72Z 1.603E 05 .0160 4.1C3 1.629E 05 0.755 0.331 0.2884
T.714 1.594 24.643 22.660 -2.107 1.740 1.683E 05 .0161 4.749 1.710€ 05 0.874 0.352 0.3027
8.242 1.716 28.632 26.580 -2.405 1.745 1.741E 05 .0162 5.201 1.769€ 05 0.957 0.359 0.3127
8.737 1.789 34.916 32.316 -2.969 1.770 1.780E 05 .0161 6.021 1.809E 05 1.108 0.393 0.3197
9.032 1.811 54.482 48.971 -5.688 1.764 1.820FE 05 .0157 8.779 1.850E 05 1.615 0.562 0.3269
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MASS FLOW VS PRESSURE DRuUP AND LOSS COEFFICIENT vS RE FOR REV- 5

TEST CCNDITIONS

TEST NUMBER 2800 RUN NUMBER 3 DATE RUN JANUARY 10, 1964

BAROMETRIC PRESSURE = 29,335 IN HG TYPE B METERING RING TYPE A SPACER PLATE

METERING RING CLEARANCE = 0.0130 ANNULLS CLEARANCE = 0.080 METERING RING AREA RATIG =.387

EQUIVALENT CIAMETER = 0.1428 ANNULUS AREA = 0.2592 SGC IN METERING RING AREA = 0.1003 SQ IwN
Pl P3A P4 P6A P8A DPloA DP6A63 LP6ABA DPBABB DP3A38 DP8A4 CP3A4 DPBA3A DP44A TR
PSI PS1 PSSl PSI PS1 PSI PSI PSi PSI PSI PSI PS1 PSI PSI R
120.0 118.3 118.3 120.0 119.5 0.61 0. 0.123 -0.004 G.C33 1.60 (.l47 1.729 0.004 515.33 Eg
120.1 117.0 117.2 120.0 119.5 0.96 0.G04 0.196 -0.007 C.C3¢ 2.60 0.299 2.874 0.007 515.55 g
120.0 115.4 115%.2 1(19.1 118.9 1.3% 0. 0.295 -0.011 0.C83 3.66 0.363 4.003 0.018 516.01 52
120.0 113.4 113.3 118.6 118.0C 1.74 0. 0.344 -0.013 C.089 4.81 0.467 5.280 0.031 515.55 [S)
120.0 11l.5 112.0 118.0 117.2 2.09 0.004 0.442 -0.013 C.11cC 6.04 C.550 6.558 0.025 516.01 t:
1¢0.2 11v.0 110.5 1L18.1 117.3 2.46 U. 0.491 -0.014 0.163 7.39 0.639 8.007 0.029 516.46 "
120.0 108.0 108.5 117.5 116.8 2.79 0.007 0.565 =0.03. 0.217 .62 0.712 9.333 0.036 516.41 jos]
120.0 106.0 106.5 117.% 116.5 3.19 0. 0.639 -0.025 0.251 10.36 0.860 11.175 0.007 516.01
120.1 104.5 105.C 117.5 116.3 3.44 O. 0.712 -0.033 0.284 1l.74 C.958 12.648 0.007 514.87 Q
120.1 98.5 99.7 116.8 115.5 4.30 O. 0.884 -0.040 C.387 16.11 1.326 17.428 0.072 513.96 g
120.0 94.3 95.5 1l%.% 114.5 4.7¢ Q. 0.558 -G.043 0.453 19.11 1.533 20.704 0.116 51i3.96 ct e
120.1 90.0 9l.% 115.5 114.5 5.23 0.0GC7 1.056 -0.054 0.457 23.26 1.867 24.879 0.145 512.33 g'
120.5 83.0 85.2 115.5 114.0 Y. 77 0.004 lL.154 -0.061 0.477 29.42 2.309 30.995 0.217 512.60 o
119.7 74.5 77.C 114.C 112.5 6.19 0.007 1.253 -0.069 C.607 35.83 2.751 38.039 0.296 511.63 g{
120.5 53.0 57.5 115.0 113.5 6.3 0. 1.302 -0.072 0.493 56.06 4.593 60.565 0.361 HL1.00
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MASS FLOw VS PRESSURE DRUP AND LOSS COEFFICIENT VS RE FOR REV- 5

TEST CONDITIONS

TEST AUMBER 280C RUN NLMBER 3 DATE RUN JANUARY 10, 1964
BAROMETRIC PRESSURE = 29.335 IN HG TYPE 8 METERING RING TYPE A SPACER PLATE
METERING RING CLEARANCE = 0.0130 ANNULLS CLEARANCE = 0.080 METERING RING AREA RATIU =.387
EQUIVALENT DIAMETER = 0.1428 ANNULLS AREA = 0.2592 SQ IN METERING RING AREA = 0.1003 SQ IN
DP16AV DP6&8AV DPA3AV DP34AV DP34AV  Cl6 RE1€668 F68 ce3 REY384 c84 C34  FLOW
Psi Psi PSI PSI PS1 LB/ SEC
0.614 G.121 1.747 1.597 -0.165 1.674 4.889E 04 .C156 4,330 4.972t 04 0.648 0.441 0.0881 ar
0.961 O0.191 2.875 2.605 -0.31> 1.628 6.203E 04 .0153 4.371 6.308E 04 0.654 0.517 0.1118 g
1.351  0.289  4.050 3.655 ~-0.420 1.671 7.246E 04 .0169 4.466 7.368E 04 0.668 0.497 0.1307
1.744 0,338  5.331 4.806 =-0.525 1.711 B8.144E 04 .0156 4.643 B8.282€ 04 0.695 0.487 0.1468
2.091  0.434 6.619 6.044 -0.609 1.707 B8.920€ 04 .0l66 4,840 9.07LE 04 0.724 0.463 0.1608 H
2.456 C.484 B.0I5  1.390 -0.729 1.679 9.743E 04 .0155 4.942 9.907t 04 0.739 0.458 0.1758 o
2.797  0.546  9.457 8.624 -0.833 1.70¢ 1.031E C5 .0155 5.116 1.048E 05 0.765 0.458 0.1861 o
3.193  0.626 11.313 10.384 -0.978 1.696 1.106E 05 .0l%4 5.358 1.124E 05 0.802 0.461 0.1994 -
3.438  0.696 12.806 11.766 <-1.090 1.668 1.161€ 09 .0l57 5.533 1.180E 05 0.828 0.462 0.2089 )
4.298 0.864 17.641 16.124 -1.527 1.683 1.295F 05 .C156 6.073 1.317E 05 0.909 0.497 0.2327 8
4.765 0.936 20.952 19.096 -1.793 1.706 1.354c 05 .Cl54 6.548 1.376E 05 0.980 0.515 0.2433 P
5.239  1.025 25.135 23.255 -2.125 1.696 1.428E 05 .0152 7.180 1.452E 05 1.074 0.528 0.2562 £
9.775 1.122 31.264 29.399 -2.601 1.70¢ 1.500E 05 .CLS1 8.221 1.525E 05 1.230 0.550 0.2691 B
6.196  1.215 38.376 35.783 =-3.139 1.723 1.543E 05 .0153 9.4C1 1.569E 05 1.407 0.575 0.2764 e
6.386 1,266 60.850 55.947 -4.991 1.688 1.59CE 05 .C152 3.949 1.617E 05 2.087 0.649 0.2846 .
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#ASS FLOw VS PRESSURE DRUP ANC LCSS COEFFICIENT VS RE FCR REV- 5

TEST CCADITIONS

TeST NUMBLER 290C RUN NUMBER 3 DATE RUN JANUARY 10, 1904

BAROMETRIC PRESSURE = 29.360 IN Hu TyPe C METERING RING TYPE A SPACER PLATE

METERING RING CLEARANCE = 0.0130 ANNULLS CLEARANCE = 0.080 METERING RING AREA RATIL =.474

EQUIVALENT CIAMETcR = C.1428 ANNULLS AREA = 0.2592 ST IN METERING RING AREA = 0.1227 SQ v
Pl P3A P4 PeA p8a DPl6A DP6A63 [DP6ASBA DPBASB 0OP3A38 DPB8A4 CP3A4 Dr8Aa3A DP4sA T
PSI P51 PSl PSI Sl PSI PSI PSI PSS PS1 PSI PSI PS1 PS1 R
120.0 114.2 119.2 12C.0 120.C .61 =-0.0C2 0.138 -0.014 0.Cl4 0.93 C.0T4 0.982 0.004 515.19
120.0 113.0 118.0 11%9.5 119.2 1.13 O. 0.246 -C.022 C.C23 1.72 ©.083 1.768 0.007 »15.10
119.5 115.8 115.5 118.2 1172 1.65 0. 0.368 -C.C34 Ca.C34 2.51 C.123 2.6C3 0.011 514.64
120.0 115%.0 11%.0 118.5 117.5 2.09 0.0C) 0.467 =-C.047 C.C34 3.24 0O.l47 34340 0.018 515.33
120.0 113.0 113.5 118.0 117.0 2.68 0.0C4 0.589 -C.065 G.C25 4.22 G.196 4.421 0.033 516.01
120.0 111.0 1l1l.2 117.% 116.5 3.39 0. O0.747 ~-C.08> 0.C22 5.58 C.27C 796 0.054 5l6.ul
120.0 103.5 108.0 1llé6.7 115.3 4.10 G 0.884 -0.108 C.C11 6.98 (.295 7.260 0.0693 515.33
119.9 106.5 106.7 115.5 114.5 4.07 O. 1.032 -0.119 -C.C11 8.15 (.393 85.498 0,394 515.10

119.C¢ 104.0 104.0 1l4.> 112.7 5.21 0.0CH 1.130 -0.137 =-0.0<Z2 9.28 0.442 9.701 0.108 514.42
119.7 101.0 101.5 114.72 112.5 €.02 0.004 1.302 -0.163 -U.C54 11.32 C.540 11.838 0.145 514.467
120.0 99.5 100.0 1l4.5 112.8 6.48 -0.00C4 1.449 -0.186 -0.C69 12.77 C.€39 13.312 0.173 »>l4.064
120.5 97.0 98.0 114.0 112.1 7.17 =0.011 1.562 =0.206 -C.C9C 14.69 0.737 19375 0.220 514.87
119.5 93.5 94.5 [12.5 110.3 7.71 -Q.014 1695 -0.217 =0.119 16.41 0.786 171.167 0.235 514.139
116.5 85.5 86.5 1C8.6 106.5 8.55 -0.004 1.867 -0.238 -0.148 20.31 1.007 21.220 0.303 514.19
11645 78.0 79.5 1C7.5 105.3 9.43 0.004 2.088 -0.285 ~0.141 Z26.38 1.277 27.296 0.453 513.74
11%.2 63.0 65.0 105.5 103.C 10.14 0.0l4 2.260 -0.296 0.224 38.04 1.965 40.043 0.477 511.932
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MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5

TEST CONDITIONS

TEST NUMBER 290¢C RUN NUMBER 3 DATE RUN JANUARY 10, 1964
BAROMETRIC PRESSURE = 29.360 IN HG TYPE C METERING RING TYPE A SPACER PLATE
METERING RING CLEARANCE = 0.0130 ANNULUS CLEARANCE = 0.080 METERING RING AREA RATIO =.474
EQUIVALENT DIAMETER = 0.1428 ANNULLS AREA = 0.2592 SQ IN METERING RING AREA = 0.1227 SQ IN
DPl6AvV DP68AV DPB3AV DPB4AV DP34AV Cleé RELE68 F68 ca3 REB384 C8a C34 FLUW
PS1 PSi PSi PSI PS1 LB8/SEC
0.612 C.131 0.997 0.941 -0.081 1.668 4.894t 04 .0169 2.548 4.971lE 04 0.571 6.218 0.0881 b
1.130 0.235 1.794 1.731 -0.1U2 1.680 6.623E 04 .0165 2.549 6.728E 04 0.571 0.148 0.1193 :g
1.646 0.351 2.638 2.522 -0.140 1.693 17.958t 04 .Cl70 2.556 B8.083E 04 0.573 G.139 0.1432
2.097 0.439 3.381 3.264 -0.166 1.701 8.963t 04 .0167 2.598 9.104t 04 0.583 0.129 0.1614 Eg
2.681 0.555 4.406 4,248 -~0.21d 1l.682 1.017E 05 .0163 2.602 1.033E 05 0.583 0.129 0.1834 H
3.389 C.704 5.849 5.598 -0.300 1.668 1.149€E 05 .0161 2.672 1.167E 05 0.599 0.137 0,2071 o
4.102 0.830 7.320 7.002 -0.328 1.677 1.262t 05 .C157 2.758 1.282t 05 0.618 0.122 0.2274 tJ
4.666 0.972 8.552 8.175 -0.426 1.698 1.338€ 05 .0162 2.850 1.359€ 05 0.639 0.139 0.2410
5.216 1.057 9.759 9.304 -0.,479 1.719 1.404E 05 L0159 2.923 1.426E 05 0.655 0.139 0.2525 ?;
6.021 1.219 11.892 11.338 -0.578 1.709 1.515E 05 .0157 3.045 1.539E 05 0.683 0.141 0.2727 e}
6.480 1.358 13.370 12.790 -0.679 1.682 1.587E 05 .Cl160 3.125 1.612E 05 0.701 0.148 0.2857 3.
‘ T.161 l.464 19,432 14.695 -0.787 1.698 1.663t 05 .015%56 3.261 1.689E 05 0.731 0.153 0.2993 E?
7.697 1.593 17.216 16.412 -0.829 1.713 1.713E 05 .0159 3.4C0 1.740E 05 0.762 0.148 0.3080 e
8.543 1.749 21.265 20.287 ~-1.076 1.727 1.777¢€ 05 .Ql57 3.778 1.805E 05 0.847 0.165 0.3196 [ -
9.435 1.943 27.368 26.290 ~-1.437 1.722 1.872c 05 .C157 4.381 1.902€ 05 0.982 0.185 0.3364 ft
10.158 2.104 40.3U3 37.914 -2.349 1.770 1.915€ 05 .0161 5.981F 1.945E 05 1.341 0.243 0.3432 b
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MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT vS RE FOR REV- 5

TEST CONDITIONS

TEST NUMBER 30430 RUN NUMBER 3 DATE RUN JANUARY 21, 1964
BAROMETRIC PRESSURE = 29.280 IN HG TYPE A METERING RING TYPE A SPACeR PLATE
METERING RING CLEARANCE = 0.0280 ANNULLS CLEARANCE = 0,095 METERING RING AREA RATIO =,525
EQUIVALENT CIAMETER = 0.,1709 ANNULLS AREA = 0.3115 SG IN METERING RING AREA = 0.1634 SQ IN
Pl P3A P4 P6A P8A DPl6A DP6AGS CP6ABA DPBABB DP3A3B DP8A4 CP3A4 OP8A3A DP44A TR
PSI PSI PSI PSS PSI PS1 PSI pPS1 PSI PS1 PSI PSI PS1 PSt R
120.0 119.3 119.5 120.0 119.8 0.37 0. 0.074 -0.005 0.C20 0.35 0.138 0.481 0.007 518,72
119.8 118.1 118.0 119.1 119.0 0.79 0.004 0.138 -0.010 0.038 0.74 0.246 0.958 0.005 517.14 a;
119.9 115.5 117.0 119.C 118.5 1.45 0.005 0.270 -0.014 0.C8¢ 1.42 GC.393 1.768 0.014 S15.78 d
120.0 114.4 115.2 118.2 117.5 2.26 0.013 0.418 -0.022 0c.108 2.28 0.663 2.947 0.033 514.87 EQ
120.5 113.0 114.1 118.0 117.0 3.14 0.023 0.589 -0.033 0.148 3.02 0.933 4,151 0.040 514.42 E;
120.0 1073.7 111.0 116.5 115.3 4.15 0.023 0.776 =-0.043 0.206 437 1.179 5.526 0.061 512.83 ;2
114.8 101.2 103.C 11C.0 108.8 5.33 0.029 0.982 -0.061 C.271 5.82 1.572 7.3%3 0.087 511.92
115.3 99.1 101.0 109.5 108.5 6.19 0.040 1.154 -0.065 0.293 T7.07 1.916 8.964 0.134 511.23 @
115.5 97.0 99.3 109.0 107.5 6.33 0.076 1.302 -0.07%6 0.309 8.30 2.260 10.536 0.155 510.78
115.2 94 .5 97.0 1CB8.2 106.5 7.59 0U.065 l.424 -0.090 0.329 9.38 2.530 1l.912 0.181 510.09 ¢
112.5 83.5 91.0 1C4.0 102.2 8.67 0.101 1.670 -0.094 0347 11.32 2.898 14.318 0.210 509.41 g
109.5 81.0 85.0 1GCC.5 98.5 9.%95 0.094 1.A42 -C.0G6 0.39C 13.68 3.635 17.290 0.220 508.95 ¢+
X 109.8 To.5 81.0 99.5 97.5 10.46 0.1C3 2.014 -0.123 0.430 16.36 4.372 20.729 0.238 508.47 E' *
110.2 73.0 78.5 59.5 97.0 11.08 0.089 2.112 -0.134 0.468 18.74 5.035 23.750 0.267 508.04 ¢
110.0 70.0 75.5 99.0 96T 1ll.u4s 0.094 2.210 -0.112 0.471 20.68 5.501 26.500 0.314 507.81 8‘
109.0 62.5 69.5 97.3 94.8 11.89 0.101 2.309 -0.la4l 0.399 25.59 6,680 32.301 0.397 507.35
109.0 55.0 63.5 37.0 95.0 12.01 0.030 2.309 -0.135 04350 31436 B8.449 40.043 0.246 507.98
§§ t::;
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MASS FLOW VS PRESSURE DROP AND LCSS COEFFICIENT v5 RE FOR REV- 5

TEST CONDITIONS

TEST NUMBER 3000 RUN NUMBER 3 DATE RUN JANUARY 21, 1964
BAROMETRIC PRESSURE = 29.280 IN HG TYPE A METERING RING TYPE A SPACER PLATE
METERING RING CLEARANCE = 0.0280 ANNULUS CLEARANCE = 0.095 METERING RING AREA RATIO =.525
EQUIVALENT DIAMETER = 0.1709 ANNULLS AREA = 0.3115 SC IN METERING RING AREA = 0.1634 SQ IN
DP16AV DP68BAV DP83AV DPB84AV DP34AV Cl6 RE1668 F68 cas3 RES384 c84 C34 FLOW
PS1 PSi PS1 PSI PS1 LB/SEC
0.368 0.071 0.43%4 0.351 -0.153 1.461 4.809E 04 .Cl60 1.388 4.887E 04 0.382 0.602 0.0874 g;
0.790 0.131 0.982 0.745 -0.262 1.552 6.854E 04 .Cl45 1.456 6.966E 04 0.400 0.507 0.1243 o
1.45¢ 0,261 1.818 1.430 -0.437 1.555 9.327€ 04 L0157 1.510 9.479€E 04 0.416 0.455 0.1688 %
2.272 0.400 3.C12 2.283 -0.729 1.539 1.175E 05 .0152 1.515 1.194E 05 0.417 0.473 0.2124
3.167 0.561 4.241 3.024 =1.021 1.926 1.397E 05 .0150 1.417 1.420€E 05 0.390 0.463 0.2523 H
4.174¢ 0.743 5.651 4,373 -1.302 1.568 1.586E 05 .C154 1.583 1.611E 05 0.436 0.451 0.2857 e
5.383 0.937 7.519 5.814 -1.745 1.623 1.736E 05 .0154 1.668 1.767E 05 0.459 0.470 0.3130 o
6.279 1.102 9.143 7.048 -2.120 1.617 1.889E 05 .0154 1.711 1.920€ 05 0.471 0.476 0.3396 —
7.058 1.226 10.729 8.283 -2.47L 1.623 2.003E 05 .0152 1.783 2.036E 05 0.491 0.485 0.3598 Q
T.714 1.347 12.121 9.352 -2.769 1.629% 2.094E 05 .0152 1.832 2.128E 05 0.504 0.488 0.3758 g
8.835 1.573 14.539 11.274 -3.167 1.677 2.186E 05 .0158 1.965 2.222E 05 0.541 0.483 0.3919 o+
9.719 1747 17.533 13.633 -3,925 1.673 2.272E 05 .0158 2.129 2.309E 05 0.586 0.517 0.4070 E;
10.647 1.901 21.C05 16.316 -4.689 1.694 2.368E 05 .01%8 2.334 2.407E 05 0.643 0.545 0.4239 e
11.247 2.001 24,050 18.694 -5.381 1.689 2.445E 05 .Cl56 2.5C9 2.484E 05 0.691 0.566 0.4373 g{
11.626 2.107 26.792 20.597 -5.876 1.704 2.474E 05 .0160 2.687 2.514E 05 0.740 0.581 0.4424 -
12.077 2.188 32.571 25.468 ~-7.074 1.710 2.S510E 05 .0159 3.190 2.550E 05 0.878 0.622 0.4485
12.187 2.196 40.286 31.304 -8.750 1.706 2.523E 05 .C158 3.871 2.564E 05 1.066 0.683 0.4510
Lo ks
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MASS FLOW VS PRESSURE DRUP AND LOSS COEFFICIENT vS RE FOR REV- 5

TEST CONDITIONS

TEST NUMBER 31uC RUN NULMBER 2 DATE RUN DECEMBER 4, 1963

BARUMETRIC PRESSURE = 29.295 IN HG TYPe A METERING RING TYPE A SPACER PLATE

METERING RING CLEARANCE = 0.0630 ANNULUS CLEARANCE = $.130 METERING RING AREA RATIQ =.658

EQUIVALENT CIAMETER = 0.2355 ANNULLS AREA = 0.4334 SQ IN METERING RING AREA = 0.2854 SQ 1IN
Pl Pia P4 P6A P8a DPlo6A DP6AGB CP6ASBA DPBABB DP3A38 DPB8A4 CP3A4 DPBA3A (P44sA TR
PSI PSSl PSI PSSt PS1 PSI PSI PSI PSI PSI PSI PSI pSl1 PSI R

110.0 109.5 109.5 110.0 110.0 0.64 -0.007 0.C98 -0.011 C.Clé 0.39 C.196 0.540 0.005 526.15
110.0 103.0 108. 109.0 109.0 1.0% =0.007 0.147 -0.011 g.022 0.59 0.295 0.874 0.007 525.47
110.0 107.5 107.8 169.U 108.8 l.42 -0.013 0.196 0.014 0.C022 0.86 0.467 1.326 0.011 525.47
110.0 106.5 107.0 1€8.5 108.2 LeB87 -0.320 0.246 0.016 Q.02 1.06 0.56» 1.646 0.0l4 525.02
110.0 106.0 106.> 1C8.0 107.5 2.36 ~-0.029 0.295 0.022 0.034 1.33 C.688 2.038 0.018 525.02
110.0 105.0 105.5 107.5 107.1 2.90 -0.043 0.368 0.023 C.C3¢ l.62 €.810 2.456 0.018 524.35
110.0 104.0 105.0 107.0 106.7 3.44 -y.096 C.393 C.036 0.C45 1.99 0.982 2.762 0.029 524.35
110.0 105.0 103.5 106.» 106.0 3.93 -0.110 0.442 0.09C 0.049 2426 1.105 32340 0.051 524.35
110.0 102.0 1G63.0 1C6.5 106.0 4.40 -0.126 0.516 -0.014 0.054 2.53 1.253 3.758 0.021 524.57
110.¢0 101:0 102.5 105.> 105.0 4.86 -0.125 0.639 -0.058 0.C47 2.80 1.37»> 4126 0,058 524.07
100.0 843.5 90.3 35.u 4.0 6.02 -u.G90 C.533 -C.087 c.C83 3.63 1.793 5.403 0.083 524.35
10C.0 87.0 89.0 94.0 93.C 6.03 -0.087 1.056 -0.083 0.C94 4.10 2.0338 0el40 0,072 »524.12
100.0 85.5 88.0 S3.0 92.0 7.12 -0.10C1 1.007 -0.083 c.C81 4.47 2.137 0.5982 0.065 523.67
. 100.0 84.0 86.5 92.7 91.5 T.81 -0.l45 0.761 -0.105 0.10C 5.03 2.431 7.442 0.951 523.67
B 100.0 82.3 85.3 92.9 9C.5 8.37 -0.087 1.271 -0C.116 C.C65 5.43 2.628 71.382 0.072 523.30
100.0 82.0 85.0 32.0 90.5 8.72 =-0.087 1.375 -0.079% C.C6¢C 5.75 2.726 8.449 0.072 523.30
100.0 Bu.0 82.9 3l.0 89.1 9.5% -0.072 1.670 -0.105 0.C94 6.51 2.923 9.333 0.051 523.499
97.0 75.0 16.0 86.5 84.5 1l.08 -0.103 1.940 -0.090C 0.13C 8.10 3.512 11.617 0.029 523.57
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MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT vS RE FOR REV- 5

TEST CCNDITIONS

TEST NUMBER 3100 RUN NUMBER 2 DATE RUN DECEMBER 4, 1963
BAROMETRIC PRESSURE = 29,295 IN HG TYPE A METERING RING TYPE A SPACER PLATE
METERING RING CLEARANCE = 0.0630 ANNULUS CLEARANCE = (0.130 METERING RING AREA RATIO =.658
EQUIVALENY CIAMETER = 0.2355 ANNULLS AREA = 0.4334 SC IN METERING RING AREA = 0.2854 SQ 1IN
DPL6AV DP68AV DP83aAV 0OP84AV [Pi4ay clé REL&668 F68 c83 RE8384 C84 C34 FLuw
N PSI PSI £SI PsSl PSSl Le8/SeC
0.631 C.09¢ 0.954 0.407 -0.196 1.375 B8.,4S1lE 04 .0164 0.881 8.586E 04 0.382 0.423 0.1568 E;
1.039 0.l46 0.891 0.606 =0.295 1.359 1.092E 05 .Cl48 0.785 L1.110€ 05 0.340 0.379 0.2025 w9
1.412  0.210 1.330 0.846 =-0.459 1.358 1.2T4E 05 .0157 0.803 1.294E 05 0.348 0.431 0.2362 Eg
1.847 0.264 1.65C 1.074 -0.551 1.378 L1.4486 05 .0152 0.788 1.47LE 05 0.342 0.399 0.2683
2.329 C.32C 2.C45 1.349 -0.6T71 L«369 1.632E 05 .0l45 0.7176 1.658E 05 0.336 0.379 0.3023 ;2
2.879 0.402 2.462 1.649 -0.789 1.409 1.791 05 .ClS1 0.746 1.820E 05 0.341 0.368 0N.3315
3.372  C.459 2.966  2.021 -0.9%6 1.388 1.952E 05 .0l44 0.807 1.984E 05 0.350 0.372 0.3614 I
3.853  0.542  3.319  2.277 -1.007 1.41> 2.068F 05 .0151 0.8C6 2.101E C5 0.350 0.367 0.3827
4.306  C.572 3.792 2.606 ~-1.211 1.410 2.188E 05 .0142 0.820 2.223E 05 0.356 0.369 0.4051 O
4.779  0.672 4.178  2.899 ~-1.329 1.432 2.288€ 05 .C152 0.830 2.324E 05 0.360 0.367 n.4236 9
5.975 G.935 5.468  3.761L ~l.751 1.478 2.416F 05 .0172 0.874 2.455E 05 0.379 0.386 0.4472  cF
6.593  1.058  6.229  4.218 -2.011 1.6481 2.536E 05 .0176 0.88% 2.S5TTE 05 0.383  0.397 0.4693 &
7.079 1.016 6.664 4,592 -2.097 1.522 2.59¢6E 0S5 «.Cl6l 0.917 2.638E 05 0.398 0.393 0.4800 [~ ¥
7.731  0.781  7.564 5.157 -2.412 1.523 2.711€ 05 .CI13 0.941 2.755E 05 0.408  0.409 0.5013 & .
8.353 1.263 8.072 5.582 -2.564 1.981 2.765€ 0S5 +CLlT74 0.968 2.810E 05 0.420 0.410 0.511b ~r e
8.697 1.37(9 8.518 5.888 -2.65% 1.59% 2.809E Qs «0183 0.985 ¢2.854€E 0S5 0.427 0.408 0.5196
9.547 1.6%4 9.432 6.684 ~2.841 l.679 2.868E 05 G209 1.0é1 2.914E 05 0,460 O.411 0.9305
11.040 1.949 11.727 8.244 =-3.483 1.725 3.005€ 05 .0215 1.138 3.053E 05 0.493  0.424 0.5556
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MASS FLOW VS5 PRESSURE DRCP AND LOSS COEFFICIENT VS RE FOR REV- 5

TEST CONDITIONS

TEST NUMBER 32300 RUN NLM¥BER 1 DATE RUN DECEMBER 4, 1903

BAROMETRIC PRESSURE = 29.362 IMN HG TYPE A MeTERING RING TYPE A SPACER PLATE

METERING RING CLEARANCE = O. ANNULLS CLEARANCE = 0.065 METERING RING AREA RATIO =.3138

EQUIVALENT CIAMETcR = 0.1145 ANNULLS AREA = $.2070 SQ IN METERING RING AREA = 0.0659 ST I
Pl P3A P4 P&A P8aA LDPL6A [CP6AEY CPEABA LPBABE DP3A3B (OPB8A4 ODP3A4 DP8A3A DP4s4A LN
PSSl Psi PSI PSI PSI P51 PSl PSI PSI PSI PSI PSt PS1 PS1 R

120.0 111.5 11ll.5 119.4 119.5 1.05 0.051 0.246 0.042 -C.CO!? 38.01 (.088 /.957 0.022 525.110
120.0 109.5 109.0 1l19.5 119.C 1.28 0.061 0.295 C.049 ~-0.007 10.12 (.098 1U.01l1 0.023 525.25
120.0 107.6 106.5 1l19.3 118R.8 1.99 0.07% 0.368 0,060 =0.C07 12.30 0.147 12.182 0.02» 524.3"
120.0 104.0 104.0 118.> 118.0 1.77 0.094 0.418 0.074 -0.014 14.05 C.l47 13.926 0.036 5¢6.32
120.0 102.0 1Cl1.0 L1l8.5 118.0 2.04 0.105 0.491 0.089 ~-0.Cl4 16.68 (C.162 16.504 0.043 525.70
120.0 93.5 93.C6 118.0 117.5 2.28 O.llo C.516 0.094 -0.Cl4 18.86 0.196 18.680 0.040 525.03
120.0 9/7.0 36.5 118.0 117.5 2.3 Ue130 0,580 0.107 -0.0l4 21.32 0.196 21.097 0.043 523.90
120.0 9.8 93.2 118.0 117.¢C 2.13 Jel37 0.639 0.117 -0.C014 23.77 C.246 23.455 0.043 523.68
120.0 9L.0 90.5 117.0 117.0 2.95 0.166 c.688 0.137 -C.016 26.13 (.270 26.C29 0.047 523.63
120.0 87.5 87.0 1il7. 116.8 3.29 0.173 C.137 0.145 -0.Clé 29.62 0.295 29.330 0.108 523.45
120.0 8:.0 83.0 i17.0 116.3 3.63 0.2C6 0.835 0.179 -0.Clé¢ 33.40 0.317 33.338 0.087 523.00
120.0 73.5 78.0 117.0 116.0 3.98 0.24G 0.333 0.211 -0.C20 37.85 (.368 37.538 0.098 923.u0
120.0 75.0 72.5 Lll6.2 115.3 4.32 0.257 0.997 0.208 -0.Cl5 42.85 C.413 42.346 0.1139 523.u0
120.0 61.0 60.5 1l6.0 115.0 4.67 0.249 1.081 C.188 ~-C.C04 54.56 0.540 54.061 0.043 523.07
120.0 51.0 50.0 11€.0 115.0 4.0l 0.251 1.035 0.184 -C.031 65.07 0.639 64,067 0.025 523.23
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MASS FLOW VS PRESSURE DRUP AND LOSS COEFFICIENT VS RE FOR REV- 5

TEST CONDITIGNS

TEST NUMBER 3200 RUN NUMBER 1 DATE RUMN DECEMBER 4, 1963

BAROMETRIC PRESSURE = 29.362 IN HG TYPE A METERING RING TYPE A SPACER PLATE

METERING RING CLEARANCE = 0. ANNULLS CLEARANCE = 0.065 METERING RING AREA RATIO =.318

EQUIVALENT DIAMETER = 0.1145 ANNULLS AREA = 0.2070 SQ IN METERING RING AREA = 0.0659 SQ 1IN
DPL6AV LCPe8AV DPB3AV DP84AV DP34AV Clé RE1668 F68 ca3 RE8384 €84 C34 FLOw

PSI PSI PS1 PS1 PSI LB8/SEC

1.097 0.241 7.933 8.00¢ 0.113 1.904 4.788E 04 .0158 3.762 9.567E 04 1.395 0.182 0.0872
1.339 G.238 9.933 10.120 0.128 1.882 5.327t 04 .0153 4.058 1.064t 05 1.425 0.164 0.C970
1.622 0.361 12.148 12.305 0.182 L.911 5.827€E 04 L0160 4.277 1.164E 05 1.447 0.191 0.106C
1.862 0.408 13.882 14.043 0.186 1.921 6.195E 04 0158 4.241 1.238E 05 1l.444 0.168 0.1131
2.143 O.483 16.453 16.671 0.207 1.891 6.717E 04 .Cl60 4.420 1.342E 05 1.462 0.157 0.1224
2.400 0.505 18.626 18.856 0.245 1.911 7.082E 04 .0151 4.690 1.415E 05 1.489 0.164 0.1289
2.660 0.568 21.C37 <Z1.307 0.245 1.907 7.484E 04 .0152 4.910 1.495E 05 1.511 C.l44 0.1360
2.863 0.629 23.389 23.7159 0.296 1.88% 7.816E 04 .0154 5.230 1.562E C5 1.544 0.156 0.1420
3.113 0.6713 25.952 26.113 0.327 1.894 B8.129E 04 .0153 5.439 1.624E 05 1.565 0.155 0.1477
3.464 0.722 29.250 29.618 0.373 1.892 8.584E 04 .0l47 5.674 1.715E 05 1.589 0.153 N.1559
3.841 0.821 133.24C 33.381 0.396 1.914 B8.997E 04 .0152 6.057 1.798E 05 1.628 0.142 0.1633
4.219 0.919 37.422 37.815 0.452 1.916 9.423E 04 .0154 6.520 1.883Et 05 1.675 0.140 0.1710
4,579 0.973 42.235 42.827 0.508 1.936 9.769€ 04 .0152 7.355 1.952E 05 1.759 0.138 0.1773
4.916 1.050 53.966 54.529 0.607 1.954 1.007€ 05 .0153 O.7i1 2.013E 05 2.099 0.134 0.1828
4.918 1.062 63.96C 65.005 0.682 1.893 1.023E 05 .C150 3.913 2.044E 0Y 2.424 0.126 0.1857
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MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV=- 5

TeST CONDITIONS

TEST NULMBER 3300 RUN NLVBER 1 DATE RUN DECEMBER 5, 1363

BARCMETRIC PRESSURE = 29.475 [N Ho TYyPc C METERING RING TYPE B SPACER PLATE

McTERING RING CLEARANCE = O. ANNULUS CLEARANCE = C.065 METERING RING AREA RATIL =.23%¢6

EQUIVALENT CIAMETER = 0.1276 ANNULLS AREA = 0.2265 SC IN METERING RING AREA = 0,0647 52 I

4
Pl P3A P4 P6A PBA DPL6A DP6AEB DP6ASA  DPB8ASHB DP3A3B OPBA4 L[P3A4 DPBA3A DP44A Tw
PSI P31 PSi PSSt PS1 pPSI PSI PSI PS1 PSI PSI PSI PSI Psi R
=

120.0 116.0 115.5 120.9 119.7 0.49 0. 0.123 C. 0.C52 4,62 0.093 4,372 0.011 525.25 O
120.0 112.5 112.06 12C.0 120.0 Ce7a O. 0.196 Q. C.079 7.96 0.418 7.368 0.011 524.30 Eg
120.0 109.5 108.5 119.5 119.0 l.tl Q. 0.295 Q. 0.C9C 10.56 0.589 9.922 0.013 524.53 g;
120.0 105.0 105.5 119.2 113.0 1.2G Qe Ue344 C.004 0. 121 13.41 0.761 12.648 0.036 523,068
120.0 103.5 102.5 119.5 119.C 1.50 O. 0.393 0.004 0al129% 16463 (G.982 159.620 C.040 523.23 Ej
120.0 100.0 99.0 119.2. 118.5 1.74 Oe 0.442 0.00¢4 0.121 19.55 1.105 16.420 03.061 522.73 o
120.0 96.0 94.5 119.u 118.0C 2.06 -0.004 0.516 O. C.107 23.7C 1.154 22.472 0.073 522.33
120.0 93.0 91.5 118.5 1i7.5 2.21 -0.0C4% 0.589 Q. Coells 26.21 14302 24.526 0.083 522.33 ;;
120.0 92.5 83.0 118.0 117.3 2.46 -0.011 0.639 0.004 G.043 28.88 1.400 206.829 0.098 52l.48 ¢§
120.0 B5.0 B4.0 1l17.9 117.0 2.78 -0.002 0.712 0.007 C.C74 33.57 1.842 31.034 0.101 521.55 Ei
120.0 8G.0 79.5 L17.> 116.2 3.un 0.023 0.835 C.014 0.C34 36.74 2.603 36.24)1 0.105 9521.55 |
120.0 T4.5 71.0 117.0 115.8 3.63 O. 0.982 C.033 -CalB5 44.85 3.266 41.344 2,101 521.42 E
120.0 66.0 63.0 L17.9 115.%5 4.00 0. 1.130 0.087 0.193 52.56 3.483 49.547 0.264 322.32 o
120.0 62.0 59.0 116.> 115.0 4.18 0.007 1.228 0.123 1.120 56.06 2.677 53.055 0.303 922.12 R
120.0 34.5 39.0 116.5 115.0 4032 Oe 1.3715 0.014 =0.C9C 76.08 0.295 75.581 0.283 521.37
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MASS FLOW VS PRESSURt OROP AND LGOSS COEFFICIENT vS RE FOR REV- 5

TEST CCNDITIONS

TEST NUMBER 3300 RUN NUMBER 1 DATE RUN DECEMBER 5, 1963

BAROMETRIC PRESSURE = 29.475 [N HG TYPE D METERING RING TYPE B SPACER PLATE

METERING RING CLEARANCE = 0. ANNULLS CLEARANCE = 0.065 METERING RING AREA RATIQ =.286

EQUIVALENT CIAMETER = 0.1276 ANNULLS AREA = 0.2265 SC N METERING RING AREA = 0.0647 SQ In
DPLl6AV DP68BAV DPB83Av DPB4AV ODP34AV Ci6 REL668 F68 ca3 REB384 C84 C34 FLOW

PSi PSI PS1 PSI PS1 LB/SEC

0.491 0.123 4.398 4.624 0.079 1.887 3.593& 04 .0200 7.685 7.137€ 04 1.446 0.291 0.0642
0.737 0.196 7.408 7.966 0.387 1.690 4.656E 04 .0191 8.143 9.248t 04 1.483 0.832 0.0831
1.007 0.295 9.967 10.575 0.55%9 1.767 5.326E C4 .0218 B.376 1.058k 05 1.502 0.898 0,0951
1.203 0.346 12.707 13.439 0.732 1.684 5.977E 04 .0204 8.590 1.187€ 05 1.520 0.916 0.1066
1.498 0.395 15.681 16.657 0.951 1.740 6.969E 04 .0193 9.068 1.305E 05 1.559 C.360 0.1170
1.744 O.444 18.479 19.576 1.093 1.756 7.06Ct 04 .Cl88 9.418 1.402t 05 1.587 0.932 nN.1257
2.059 0.518 22.526 23.759 le160 1.741 7.71€E 04 .C183 9.697 1.533c 0> 1.610 0.797 0.1373
2.207 0.591 24.5d83 26.269 1.309 1.718 8.041E 04 .0193 0.021 1.597E 05 1.637 0.811 0.1431
2.445 C.646 26.849 ¢28.957 Ll.455 1.771 B8.344E 04 0195 0.494 1.657E 05 1.675 0.819 0.1484
2.773 0.717 31.067 33.651 1.886 1.804 8.81Ct 04 .Cl94 1.322 1.750E 05 1.743 0.911 0.1566
3.069 0.831 36.251 36.813 2.669 1.831 9.200& 04 .C206 1.322 1.827E 05 1.743 1.117 0.1635
3.635 0.999 41.250 44.900 3.414 1.994 9.600E 04 .0227 3.778 1.907E 0> 1.944 1.234 0.1706
4.003 1.173 49.582 52.715 3.610 2.024 9.975t 04 .0245 5.632 1.98lE 05 2.095 1.082 0.1775
4.182 1.28¢ 53.553 56.233 2.351 2.055 1.013E 05 .0260 6,509 <2.0LlE O 2.167 0.648 0.1801
4.323 1.383 75.529 76.316 0.58F 1.990 1.047e 05 .0262 3.650 2.079E 05 2.751 0.106 0.1861
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MASS FLOW VS PRESSURE DRLP AND LOSS COEFFICIENT VS RE FOR REV- 5

TEST CCNDITIONS

TEST HUMBER 340C RUN NUMBER 1 DATE RUMN DECEMBER 6, 1963
BARCMETRIC PRESSURE = 29.410 IN Hu TYPE C METERING RING TYPE 8 SPACER PLATE
METERING RING CLEARANCE = 0.0270 ANNULLS CLEARANCE = 0.095 METERING RING AREA RATID =.480
EQUIVALENT DIAMETER = 0.1850 ANNULLS AREA = 0.3310 SQ IN  METERING RING AREA = 0.1588 SQ In
P1 PiA P4 pea P8A  DPLoA DP6AGH DPEABA DPBABB DP3A3R DP8A4 CP3A4 DP3A3A DP44A  T<
PSI PS1 PSI PSI PSI PSI PSI PSI PSI PSI PSI PSI PSI PSi R
=
120.0 114.8 120.0 12C.v 120.0 0.32 0.002 0.039  O. 0.C05 0.59 0.025 0.565 0.043 526.15 'O
120.0 117.5 119.5 120.0 1¢0.0 0.52 0.0C> 0.098  O. 0.004 L1.11 0.025 1.081 0.083 526.15
120.0 114.0 118.0 119.4 119.8 0.83 0.00% 0.147 0. c. 1.74 ©.039 1.719 0.132 525.92
120.0 117.5 117.0 119.d 119.5 1.13 0.0l1 0.196 G. C.0l& 2.38 C.123 2.210 0,051 525.45 1o
120.0 116.0 115.9 119.5 119.0 1.40 0.013 0.295 0.007 OC. 3.05 0.147 2.898 0.244 524.87 3
120.0 11>.5 115.0 119.0 118.5 1.69 0.U07  0.319 0.007 C€.023  3.63 0.196  3.438 0.289 524.>7 g
119.5 115.5 115.0 117.8 117.2 2.11 O. 0.393  0.009 -C.Cl4 4.32 0.196 4.077 0.350 524.12
120.5 111.0 111.0 118.0 117.5 3.22 -0.Ul4 0.965 0. -0.C22  6.61 G.246 6.361 0.477 523.07 ‘&
120.0 109.5 169.0 117.0 116.5 3.68 0.036 0.688 =0.036 =0.025 7Te32 0.246 6.975 0.517 523.67 O
120.0 106.0 105.5 Ll&.5 115.0 4.52 O. 0.982 O. -C.087  9.36 0.319  8.989 0.650 523.23 5
110.5 9C.0  B9.5 105.0 103.5 6.19  0.069 1.523 -0.036 =-0.30C 13.95 0.29> 13.483 0.903 522.55 |
110.0  80.0 85.5 1C4.0 102.C  6.88 0.0l4 1.695 0.022 -0.009 16.50 0.589 15.905 1.084 522.55 5
110.0 8:.0 8l.0 103.0 161.0 7T.71 0.036 1.842 0. ~0.405 19.80 0.589 19.206 1.275 521.65 @
111.0 79.5 78.5 1C3.0 101.0 8.55 0.0l4 1.842 0. -0.238 24.76 1.105 23.627 1.333 522.35 £
107.5  60.0  65.0 99.0  96.5 9.73  0.072 2.(88 0.022 ~-C.258 3l.14 0.786 30.533 l.843 522.32
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MASS FLOn VS PRESSURE DROP AND LOSS COEFFICIENT vS RE FOR REV- 5

TEST CCNDITIONS

TEST NUMBER 340C RUN ANLMBER 1 DATE RUN CECEMBER 6, 1963

BAROMETRIC PRESSURE = 29.410 I[N H5 TYPE £ METERING RING TYPE B SPACER PLATE

METERING RING CLEARANCE = 0.0270 ANNULUS CLEARANCE = 0.095 METERING RING AREA RATIC =.480

EQUIVALENT DIAMETLER = 0.1850 ANNULLS AREA = 0.3310 SC IN METERING RING AREA = 0.1588 SC N
DPl6AV CP68av DOPEB3AV DUPB84AV DP34AV Clé RE1668 F68 cas3 RE8384 C84 C3a FLuw

PSI PSI PSI PSI PSi LB/SEC

0.321 C.0138 0.568 0.617 0.050 Ll.771 4.337€ 04 .0130 3.354 4.375E Q04 0.781 0.271 N.G783
0.521 C.096 i.C82 1.158 0.07T6 1.524 5.955€ 04 .0l72 3.372 6.GO0BE 04 0.776 0.219 0.1075
0.831 0.145 1.719 1.830 0.126 1.555 T.448BE 04 .Cl66 3.4C2 7.514E 04 0.783 0.231 0.1343
l.141 0.1721 2.219 2.426 04159 1.621 8.563k 04 .Cl66 3.413 8.638c 04 0.186 0.219 0.1543
l1.413 0.292 2.894 3.201 04307 1.548 9.759E 04 .019% 3.46% 9.845€ 04 0.798 0.325 0.1757
1.702 C.319 3.447 3.819 0.373 1.977 1.062E 05 .0180 3.485 1.0726 C5 0.802 0.331 0.1912
2.112 0.397 4.065 4.538 0.424 Ll.661 1.152E 05 .Cl9C 3.5C2 1.162E 05 0.806 0.317 0.2072
3.203 0.572 6.3256 6.900 0.550 1.706 1.407t 05 .C183 3.573 1.419c 0> 0.823 0.271 0.2529
3.720 0.652 6.98C T.666 0.587 1.789 1l.477t 05 .0188 3.567 1.490E 05 0.821 0.259 0.2656
4.546 0.982 B.546 9.760 0.765 1.824 1.619E 05 .023% 3.755 1.634E 05 0.865 0.274 0.2909
6.288 1L.470 13.332 14.534 1.011 1.907 1.799€ 05 .C¢61 4.134 1.815t 05 0.952 0.255 0.3228
6.927 1.698 15.830 17.1¢&0 1.280C 1.887 1.894E 05 .C269 4.356 1.911t 05 1.G03 0.280 0.3399
7.787 1.824 19.0u4 20.608 1.605 1.897 2.007€ 05 .0257 4.634 2.025€8 05 1.067 0.301 n.3598
8.607 1.835 23.507 25.610 2.078 1.935 2.093E 05 .0237 5.279 2.112E 05 1.216 0.341 92.3757
9.846 2.062 30.393 32.263 2.047 1.961 2.194€ 05 .C233 5.8C0 2.213t 05 1.335 0.266 0.3936
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MASS FLOW VS PRESSURE DRGP AND LOSS COEFFICIENT vS RE FOR REV- 5

TEST CONDITIONS

TEST NUMBER 3400 RUN NULMBER 2 DATE RUN DECEMBER 26, 1963

BAROMETRIC PRESSURE = 29.000 IN HG TYPE C METERING RING TYPE B SPACER PLATE

METERING RING CLEARANCE = 0.0270 ANNULLS CLEARANCE = 0.095 METERING RING AREA RATIO =.430

EQUIVALENT CIAMETcR = 0.1850 ANNULLS AREA = 0.3310 SC IN METERING RING AREA = 0.1588 SQ I\N
Pl PiA P4 PeA P8A OPloA DP6A6B DP6ASA DPHABY DP3A3E 0DPB8A4 (P3A4 DPBA3A [P44A TR
PSI P>l PSI PS1 PS1 PSi PSI PSI PSI PSI PSI PSt PSI PS1 R
119.6 1l1ls.5 118.5 119.4 119.8 0.49 0.004 0.098 -0.002 -C.Cla4 0.93 OC. 0.874 0.079 525.71

120.1 119.3 119.0 L17.» 117.0 3.64 0.042 0.663 0.009 -0.C0S 7.69 0.285 7.368 0.574 521.43
106.8 72.0 78.0 939.5 98.3 1.19 G.101 1.498 =-0.016 -C.565 19.94 (.196 20.115 1.474 518.»20
102.0 64.8 66.8 S4.9 92.0 B8.60 0.107 1.695 0,004 —-0.517 2%.44 0.196 24.226 1.734 517.82
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MASS FLOWw VS PRESSURE DRUP AND LOSS COEFFICIENT vS RE FOR REV- 5

TEST CCNDITIONS

TEST ANUMBER 3400 RUN NULMBER 2 DATE RUN DECEMBER 26, 1963

BAROMETRIC PRESSURE .= 29.000 IN HG TYPE 0 METERING RING TYPE B SPACER PLATE

METERING RING CLEARANCE = 0.0270 ANNULUS CLEARANCE = 0.095 METERING RING AREA RATIO =.480

EQUIVALENT DIAMETER = 0.1850 ANNULLS AREA = 0.331C SC IN METERING RING AREA = 0.1578 SQ IN
DP16AV CP68AV DPB3AV DP84AV DP34AV Clé RELGEES Fé68 cs83 REB384 cse C34 FLUW

PSI PSI PSI PSI PSI LB/SEC

0.495 0.096 0.868 0.986 0.059 1.456 S5.931E 04 .0173 2.889 5.983E 04 0.665 0.173 0.1070
3.708 0.647 7.359 8.052 0.699 1.511 l.614E 05 .C158 3.174 1.628E 05 0.731 0.245 0.2891
7.931 1.43S 19.840 20.905 1.040 1.586 2.202E 0 .0166 3.858 2.221E 05 0.888 0.158 0.3928
8.751 1.643 23,966 ¢6.562 1.1B2 1.628 2.241t 05 .0174 4.500 2.261E 05 1.036 0.155 0.3994
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MASS FLOW VS PRESSURE DRCP AND LOSS LOEFFICIENT vS RE FOR REV= S

TEST CCNDITIONS

TEST NUMBER 350G RUN NLVBER i CATE RUA DECEMBER 6, 1963

BAROMETRIC PRESSURE = 29.400 I[N HG TYPt C METERING RING TYPE B SPACER PLATE

METERING RING CLEARANCE = 0.0620 ANNULLS CLEARANCE = 0.130 McTERING RING AREA RATIO =.620

EQUIVALENYT BDlAMETER = 0.2506 ANNULLS AREA = 0.4529 SQ IN METERINL RING AREA = 0.2308 S 1.
Pl Pia P& PEA P8A DPiLoa DP6AG63 COP6ABA DPBABB DP3A3# DPBA4 CP344 DPBA3A [P44A LES
PSl Pl PSI P51 PSI PSS PSI PSI PSI PsSi PSI PSI PST PSl R

L.
110.0 103.8 108.5 1C9.5 109.5 0.93 0.025 0O.147 0.007 C.CO05 0.74 C.123 2.860 0.172 527.4) 'd
110.0 107.0 107.0 109.2 108.5 1.57  0.047 0.246 0.011  ©.Cll 1.28 G.187 1.449 0.300 526.60 ég
111.0 10/.0 167.3 109.5 109.0 1.99  0.u?0  €.295 0.0l4 C.CL9Y 1.67 04292 1.965 0.396 525.933
111.0 106.5 1C6.5 1(9.L 18.8 2.33 0.0C74 C.344 0.016 0.011 1.96 C(.307 2.309 0.453 525.79 Eﬂ
110.0 104.5 104.8 107.8 107.5 2.45  0Q.u69 04333  0.020 0.C07  2.41 (.344  2.775 0.5%6 525.25 »4
110.5 104.0 104.0 107.5 107.0 3.29 0.G63 0.467 0.014 C.Cl4a  2.75 0.393  3.144 0.614 S24.30 g
110.0 102.0 102.5 1C6.5 105.8 4.G3 0.036 0.737 €.022 G. 3.24 G.631  3.723 0.621 S24.58
110.0 10..8 101.0 1(%.5> 105.0 4.3 0.uUS1 0.860 C.CO7  O. 3.71 0.530  4.200 0.723 524.13 3
110.0  9).5 100.0 1CY%.0 104.5 5.13  0.036  €.958 0.022 C.0ll  4.18 0.639 4.814 0.839 524.13 O
00.3  B84.0 88.5 5.0 Y3.8  6.03 0.036 1.130 0.018 O. 5.13 0.810 5.845 0.957 524.13 fi
0.3 B6.0 87.0 G4.5 S3.0 6.73 U.043 1.228 0.0l14 GC. 5.97 0.884 6.828 1.098 524.35 pu .
1w0.0  84.5 85.5 93.5 72.6 7.32 0.C36 1.449 0.022 O. 6.58 C€.958 7.564 1.207 524,13 3 %
100.0 83.0 84.0 93.0 Yl.0 7.67 U.uS5d 1.523  0.C22 O. 7.07 1.007 8.0% 1.219 524.35 g
130.0 82.3 83,2 92.95  91.0 B.LL  0.061 1.646 0.007 C. 7.52 1.081 8.596 1.3%5 524.12 0,
T.0  Bu.S 82.0 Sl.9y  90.0 8.60 0.029 1.719 C.036 C. 8.20 1.164 9.308 1.445 523.68 7
7 79.8 80.5 S1.2 89.5 B.J4  0.043 1.867 0. C.CL3 B.74 1.302 9.996 1.554 523,90
PR 75.5 78.0 89.> 87.0 9.31 0.045% 1,940 0,018 0.C05 9.38 1.366 10.686 1.626 523,90
9%.9  1<.5 74.0 B6.2 84.0 9.87 U.D4>  2.053 0.0l14 O. 10.32 1.474 11.789 1.741 523,45
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MASS FLOW VS PRESSURE DRUP AND LOSS COEFFICIENT VS RE FOR REV- S

TeST CONDITIONS

TEST NUMBER 350C RUN NUMBER 1 DATE RUN DECEMBER 6, 1963
BAROMETRIC PRESSURE = 29.400 IN HG TYPE C METERING RING TYPE B8 SPACER PLATE
METERING RING CLEARANCE = 0.06020 ANNULLS CLEARANCE = 0.130 METERING RING AREA RATIO =,.620
EQUIVALENT CIAMETER = 0.2506 ANNULLUS AREA = 0.4529 SQC IN METERING RING AREA = 0.2808 Su I«
DPL6AV [OP68AVY DPE3AV DP84AV  DP34AV 99 ¥ RELE68 F68 cas REB384 c84 C3s FLOW
PSI PsSt PSI PSI PSI LB/ SEC

0.959 0.138 0.859 0.848 -0.011 1.365 1.109E 05 .0163 1.196 1.119E 05 0.460 0.016 0.2025
1.621 0.227 1.449 1.470 0.007 1.373 1.441E 05 .0158 1.227 1.454E 05 0.472 0.005 0.c627
2.060 0.267 1.967 1.924 -0.043 1.351 1.647E 05 .Cl44 1.239 1.661E 05 0.476 0.027 0.3000
2.434 C.315 2.306 2.260 -0.011 1.381 1.772€ 05 .0146 1.25%4 1.787E 05 0.482 0.C06 0.3226
2.948 0.369 2.769 2.768 0.0¢3 1.389 1.939€ 05 .0l42 1.269 1.956E 05 0.488 0.011 9.3%28
3.391 0.439 3. 144 3.147 0.073 1.432 2.054E 05 .0151 1.289 2.072E 05 0.495 0.001 0.3735
4.149 0.730 3.712 3.639 -0.083 1.580 2.16Ct 05 .0224 1.331 2.179t 05 0.512 0.029 0.3927
4.684 0.834 4.196 4.177 -0.058 1.609 2.277¢t 05 .0231 1.371 2.297E 05 0.527 0.018 0.4137
5.215 0.951 4.808 4.689 -0.119 1.605 2.406E 05 .0234 1l.372 2.42T7E 05 0.527 0.033 0.4370
6.123 1.121 5.836 5.749 -0.18% 1.631 2.483k 05 .0236 1.435 2.505t 05 0.551 0.044 0.4511
6.831 l.214 6.820 6.676 =-0.169 1.629 2.623E 05 .0227 1.481 2.646E 05 0.569 0.035 0.4766
T.414 l.442 T1.5%4 7.3%3 -0.176 1.656 2.708E 05 .€252 1.515 2.732€ 05 0.582 0.034 0.4920
7.805 1.505 8.045 7.891 -0.178 1.682 2.756k 05 .(C252 1.562 2.780E 0> 0.600 0.033 0.5008
8.181 1.618 8.592 8.390 -0.203 1.688 2.818€ 05 .0259 1.583 2.843E 05 0.608 0.035 0.5119
8.695 1.723 9.290 9.115 -0.234 1.725 2.877E 05 .0264 1.644 2.902E 05 0.632 0.038 0.5223
9.053 1.845 10.002 9.741 -0.311 1.722 2.937€ 05 .C270 1.676 2.963E 0% 0.644 0.048 0.5333
9.426 1.927 10.677 10.419 -0.322 1.740 2.96lk 05 .C272 1.730 2.987E 05 0.665 0.048 0.5378
9.993 2.038 11.782 11.418 -0.363 1.764 2.991€ 05 .0273 1.795 3.017t 05 0.690 0.050 0.5428
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TEST NUMBER
BAROMETRIC PRESSURE =
METERING KRING CLEARANCE = 0.0610
EQUIVALENT DIAMETER =

Pl
PSI

109.5
109.5
109.8
109.8
110.0
110.0
110.0
110.0
110.0
101.5
100.0
101.0

99.5
100.0

99.5

96.0

P3A
PSI

108.0
107.0
106.3
10%.5
105.0
103.5
102.0
100.3
99.8
9¢.0
87.5
87.0
84.5
83.5
82.5
T7.3

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
18.0

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

360C

PoA
PSI

109.0
108.5
108.5
107.5
107.5
106.Y
106.3
105.5
105.5
96.5
4.9
35.0
93.0
93.2
52.0
88.5

28.865 IN HG

0.2506

P8A
PSI

109.0
108.3
108.0
107.5
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
4.19
5.38
5.54
6.02
6.51
6.93
Tel34
7.59
8.18

TEST CONDITIONS

RUN NUMBER
TYPE E METERING RING
ANNULLS CLEARANCE = 0.130

ANNULLS AREA = 0.4529 S5C IN

pP6A6B
PSl

~0.0C4
0.
~-0.011
-0.007
-0.Cl4
0.011
0.
-0.014
-0.018
0.
-0.007
-0.036
-0.027
-0.014
-0.018
-0.014

DP6ABA
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

1

DPgAsH
PS1

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.

DP3aA34
PSI

DATE RUN
TYPE B SPACER PLATE
METERING RING AREA RATIO =.640
METERING RING AREA =

DP8A4
PSI

0.61
0.98
l.45
1.84
2.14
2.68
3.24
3.86
4.25
5.03
5.48
6.18
6.73
T.29
7.54
8.60

DP3A4
PS1

0.098
O.147
0.221
0.270
0429>
04359
0.418
0.491
0.580
0.712
C.T12
0.810
0.860
0.933
C.973
1.081

DECEMBER 9,

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

0.2900

0P44A
PSI

0.154
0.257
0.361
0.470
0.538
0.629
0.650
0.788
0.842
1.149
1.265
1.373
l.481
1.554
1.604
1.749

1363

SQ I

TR
R

520.30
519.85
519,63
519.62
219,62
518.72
518,72
518.27
519.61
520.38
520452
520.37
518,49
519.16
517.53
519.16
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MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5

TEST CONDITIONS

TEST NUMBER 3600 RUN NUMBER 1 DATE RUN DECEMBER 9, 1963

BAROMETRIC PRESSURE = 28.865 IN HG TYPE E METERING RING TYPE B SPACER PLATE

METERING RING CLEARANCE = 0.0610 ANNULUS CLEARANCE = 0.130 METERING RING AREA RATIO =.640

EQUIVALENT DIAMETER = 0.2506 ANNULLS AREA = 0.4529 SC IN METERING RING AREA = 0,2900 SQ IN
DP16AV DP6BAV DPB3AV DPB4AV DP34AV Clé REL1668 F68 cs3 REB384 C84 C34 FLOW

PSI PS1 PS| PS1 PS1 L8/SEC

0.831 0.125 0.712 0.716 0.004 1.330 1.062E 05 .0165 1.136 1.07T1E 05 0.466 0.006 0.1917
1.351 0.209 1.157 1.153 0.020 1.380 1.330E 05 .0176 1.162 1.341E 05 0.476 0.020 0.2401
1.905 0.292 1.671 1.694 0.014 1.355 1.597€ 05 .0171 1l.184 1.610E 05 0Q.485 0.009 n.2881
2.424 0.366 2.098 2.151 0.028 1.393 1.776E 05 .0172 1.208 1.791E 05 0.495 0.015 0.3205
2.762 0.418 2.469 2.492 0.048 1.375 1.911€ 05 .0170 1.209 1.927E 05 0.495 0.023 0.3448
3.4717 0.537 3.022 3.086 0.048 1.457 2.087¢ 05 .0183 1.251 2.104€E 05 0.513 0.019 0.3760
4.307 0.794 3.621 3.655 0.000 1.598 2.218E 05 .0238 1.300 2.237E 05 0.533 0.000 0.3997
4.813 0.982 4.345 4.363 -0.007 1.583 2.358E 05 .0260 1.368 2.378E 05 0.561 0.002 0.4247
5.403 1.068 4.836 4.811 -0.049 1.594 2.482E 05 .0252 1.346 2.503t 0> 0.552 0.013 0.4478
5.591 0.891 5.746 5.795 0.014 1.394 2.597€E 05 0177 1.364 2.619€ 05 0.559 0.003 0.4695
6.069 c.983 6.220 6.318 0.088 1.434 2.654E 05 .0184 1.401 2.676E 05 0.574 0.018 0.4795
6.540 1.077 6.958 7.085 0.063 1.426 2.777€ 05 .0185 1.443 2.80lE 05 0.591 0.012 0.5015
6.970 1.148 7.566 7.698 0.083 1.452 2.834E 05 .0188 1.490 2.858E 05 0.611 0.015 0.5105
7.401 1.219 8.143 8.308 0.051 1.468 2.906E 05 .0189 1.524 2.930t 05 0.625 0.009 0.5240
T.643 1.254 8.486 8.565 0.040 1.493 2.933€E 05 .0191 1.542 2.958t 05 0.632 0.007 0.5277
8.271 1.358 9.607 9,712 0.032 1.521 2.965E 05 .0193 1.630 2.990E 05 0.668 0.005 0.5347
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MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5

3
TEST CONDITIONS bt
Q
TEST AUMBER 3700 RUN NUMBER 1 DATE RUN DECEMBER 9, 1963 <
BAROMETRIC PRESSURE = 28.885 IN HG TYPE F METERING RING TYPE B SPACER PLATE
METERING RING CLEARANCE = 0.0600 ANNULUS CLEARANCE = 0.13C METERING RING AREA RATIO =.597 >
EQUIVALENT CIAMETER = 0.2506 ANNULLS AREA = 0.4529 S@ IN  METERING RING AREA = 0.2795 SC I 2]
‘
Pl P3A P4 P6A  PBA  DPl6A DP6A6B CP6ABA (0P8ASB DP3A33 0PBA4 C[P3A4 DPBA3A DP4sA TR
PSI P31 PSI PSI PSI  PSI  PSI PSI PSI PSI PSI  PSI  PSIL  PSI R
110.0 109.0 109.0 1C9.5 109.5 0.61 0. c.098 0. C.C04  0.52 C.098 0.614 0.116 522.10 ig
110.0 107.5 107.5 109.0 109.0 1.20 0. 0.187 0. 0.C04  1.06 0.177 1.203 0.231 52i.65 9
109.5 106.3 106.3 108.3 108.0 1.57 0. 0.236 0. 0.C04  1.45 0.221 1.646 0.311 520.97 gg
111.0 107.0 107.0 1C9.5 109.0 2.06 =-0.005 0.295 0. 0.011  1.92 0.344  2.210 0.372 519.40
110.0 105.0 105.0 108.0 107.5 2.60 0. 0.393 0. 0. 2.43 0.393  2.800 0.517 521.42 b5d
110.0 103.5 103.5 107.0 106.8 3.i4 0. 0.491 0. 0.C09  2.97 0.491  3.414 0.636 520.75
109.5 102.5 102.5 106.> 106.0 3.5 0.004 0.540 0.007 0.007 3.44 0.560 3.930 0.712 520.52 &
110.5 101.9 102.5 1C7.0 106.5 4.08 0.005 0.604 -0.007 0.0l1 3.98 0.639 4.593 0.824 520.29
110.0 100.5 10L.0 106.5 105.5 4.40 0.0l4 0.589 -0.0l4 0.009 4.35 0.688 5.010 0.896 518.94 &
99.8 87.5 88.0 94.5 93.5 5.38 O. 0.835 0.007 O. 5.64 0.801 6.386 1.113 519.84
99.5 80.0 87.0 94.0 93.0  5.85 0. 0.909 -0.007 0.014 6.02 0.884 7.147 1.221 519.16 &
100.0  85.5 86.5 S4.5 93.0 6.16 -0.Gl4 0.958 -0.004 0.02C 6.75 0.973 7.687 1.286 518.04
99.8 84,0 85.0 93.5 92.5 6.9 O. 1.032 -0.011 C.C2C 7.29 1.032 8.326 1.362 519.16 &
99.8  84.0 d85.C  93.5 92.5 6.70 O. 1.081 -0.047 0.025 7.54 0.589 B8.621 1.420 518.71 p.
110.3 83,0 84.5 93.5 92.5 7.12 0. 1.130 -0.036 0.029 8.20 1.154 9.333 1.528 518.71 ~~
100.0  Bl.5 83.0 93.0 91.5 7.49 0. 1.179 -0.014 0.025 8.82 1.253 10.011 1.601 518.71

34.0 1.3 13.5 85.5 84.5 8.44 -0.022 1.326 -0.036 CG.CO07 10C.76 1.424 12.182 1.806 518.49
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MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT vS RE FOR REV- S

TEST CONDITIONS

TEST NUMBER 3700 RUN NULMBER 1 DATE RUN DECEMBER 9, 1963

BAROMETRIC PRESSURE = 28.885 I[N HG TYPE F METERING RING TYPE B SPACER PLATE

METERING RING CLEARANCE = 0.06C0 ANNULLS CLEARANCE = 0.130 METERING RING AREA RATIU =.537

EQUIVALENT DIAMETER = 0.2506 ANNULLS AREA = 0.4529 SC IN METERING RING AREA = 0.2705 SG I
DP16AV DPsBAV DPE3AV DP84AV DP34aAV Cié REL1668 F68 ca3 RE8384 C84 C34 FLOW

PSI PSI PSI PSt PSI L8/SEC

0.614 C.098 0.616 0.593 -0.022 1.325 9.121E 04 .0176 1.273 G.195E 04 0.454 0.048 nN.1652
1.203 0.187 1.205 1.210 -0.024 1.361 1.261E 05 .Cl75 1.353 1.271E C5 0.483 0.027 0.2282
1.572 C.236 1.647 1.657 -0.015% 1.328 1.459E 05 .Gl64 1.379 1.470t 05 0.492 0.012 0.2637
2.081 0.297 2.216 2.164 -0.101 1.362 1.673k 05 .Ql60 1.390 1.687E 05 0.496 0.064 0.3018
2.632 0.393 2.800 2.776 =~0.049 1.353 1.872E 05 .0165 1.392 1.887E 05 0.497 0.024 0.3387
3.175 G.491 3.4l8 3.398 -0.069 1.372 2.045& 05 .0173 1.425 2.062k 05 0.508 C.C28 0.3697
3.628 C.542 3.930 3.907 -0.072 1.40F 2.160&E 05 .0170 1.458 2.178t 05 0.520 0.026 0.3903
4.127 0.598 4.602 4.530 -0.096 1.383 2.329E G5 .0162 1.461 2.348E 05 0.521 0.030 0.4208
4.459 0.5175 5.022 4.949 -0.097 1.399 2.410E 05 .Cl45 1.490 2.430E 05 0.532 0.028 0.4345
5.435 0.839 6.382 6.365 -0.07T1 1.445 2.504k 05 .CLl77 1.599 2.524E 05 0.570 0.017 9.4520
5.905 0.905 7.158 6.813 -0.099 1.450 2.606kE 05 .0176 1.573 2.627E 05 0.561 0.021 0.4699
{ 6.236 0.963 7.649 7.592 ~0.147 1l.451 2.691€ 05 .0177 1.655 2.713E 05 0.590 0.030 0.4844

6.650 1.026 8.341 8.185 -0.196 1.472 2.749E 05 .0179 1.650 2.771E 05 0.603 0.030 0.4956
6.798 1.057 8.657 8.479 0.313 1.468 2,786 05 .Cl79 1.7C5 2.809t 0> 0.608 0.058 9.5021
7.213 1.112 9.365 9.195 -0.194 1.60> 2.868t 05 .CI95 1.910 2.891E 05 0.681 0.037 0.5168
71.582 1.172 10.031 9.848 -0.2642 1.496 2.918t 05 .0180 1.794 2.94lE 05 0.640 0.040 0.5257
8.512 1.319 12.203 11.932 -0.272 1.550 2.958t 05 .0185 1.975 2.982E 05 0.705 C.C39 0.5328
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MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT vS RE FOR REV~ 5

TEST CCNDITIONS

TEST NUMBER 3800 RUN NULMBER 1 DATE RUN DECEMBER 10, 1963

BAROMETRIC PRESSURE = 29.320 IN HG TYPE F METERING RING TYPE B SPACER PLATE

METERING RING CLEARANCE = 0.0250 ANNULLS CLEARANCE = 0.095 METERING RING AREA RATIO =.449

EQUIVALENT CIAMETER = 0.1850 ANNULLS AREA = 0.3310 SQ IN METERING RING AREA = 0.1486 SQ IN
Pl PsaA P4 P6A P8A OPleA DP6AGB DP6ABA DPBABB DP3A3B DP8A4 LCP3A4 DPB8A3A [P4sA TR
PSI PSi PSI PSI PSI PSI PSI PSI PSI PSI PSI PSSl PSI PSI R
110.0 103.5 108.5 11C.0 110.0 O.04 0. 0.123 -0.007 =C.C2¢C 1.28 0. 1.253 0.370 524.35
116.5 107.0 107.0 109.8 109.6 1.08 O. 0.221 -0.011 -0.C51 2.60 G 2.628 0.132 523.23

110.0 104.5 104.0 108.5 108.3 l.67 040C5 0.344 -0.014 -0.108 4.09 0.049 4.003 0.206 522.10
110.0 102.0 102.0 108.3 107.5 2.19 0.009 0.467 -0,020 =-0.19C 5.62 0.074 5.541 0.204 521.43
109.9 10L.0 99.8 107.5 107.0 2475 0.01e 0.565 -0.022 -0.237 7.7 4d.123 6.990 0.325 521.565
110.0 95.8 98.5% 1C7.5 166.5 3.09 0.016 . 0.639 =-0.023 -0.269 8.30 0.138 8.154 0.376 520.30
110.0 95.5 35.3 106.> 106.0 3.73 0.016 0.786 -0.016 =-0C.289 10.49 C.l47 10.315 0.495 519.34
109.3 92.8 92.5 105.% 104.5 4.27 0.023 0.884 -0.029 -0.35C 12.03 0.172 11.862 0.537 518.72
110.5 91.0 91.0 106.5 105.5 4.85 0.029 1.007 =-0.029 -C.448 14.49 0.172 14.245 0.643 520.07
116.0 84.0 87.5 1G5.0 1063.7 5. 30 0.030 1.130 -0.043 -0.52C 16.28 0.221 16.038 0.701 518.34
110.0 83.5 83.0 1U4.0 1lu3.0 6.01 0.043 1.277 -0.054 -0.547 19.65 0U.309 19.402 0.820 518.71
110.5 8.5 80.0 104.5 103.0 €.53 0.0479 1.379 ~0.051 -0C.643 23.04 0.540 22.325 0.921 518.49
110.0 76.8 75.8 103.5 102.0 7.00 0.045 l.474 -0.054 -0.674 25.71 C.702 25.228 1.004 518.43
110.0 7G.8 70.2 162.3 101.0 T.56 0.040 1.572 -0.054 -1.C6C 30.99 0.516 30.233 1.120 517.30
109.5 63.2 60.2 1062.0 100.0 8.01 0.040 L.670 -0.C045 -1.853 39.84 0.393 139.841 1.373 518.933
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MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5

TEST CONDIVIONS

TEST NUMBER 384¢C RUN NULMBER 1 DATE RUN DECEMBER 10, 1963
BAROMETRIC PRESSURE = 29.320 IN HG TYPE F METERING RING TYPE B SPACER PLATE
METERING RING CLEARANCE = 0.0250 ANNULLS CLEARANCE = 0.095 METERING RING AREA RATIO =.449
EQUIVALENT DIAMETLR = 0.1850 ANNULLS AREA = 0.3310 SC IN METERING RING AREA = 0.1486 SG IV
DPL6AV uUP68AV DPB3AV DP84AV DP34AV Cleé RELl668 F68 ca3 REB8384 C84 C34 FLOW
PSI PS1 PSSt PS1 PsSl LB/SEC

0.540 C.119 1.246 1.328 0.057 1.572 5.769E 04 .0213 3.842 5.8l6E 04 0.775 0.163 0.1038
1.081 0.216 2.608 2.697 0.113 1.546 8.266t 04 .C189 3.817 8.334E 04 0.770 0.157 0.1485
L.675 C.334 3.926 4.236 0.240 1.618 1.007c 05 .0196 4.025 1.015E 05 0.811 0.221 0.1806
2.195 G.452 5.426 5.812 0.347 1.585 1.166E 05 .0198 &4.1C7 1.176E 05 0.828 0.234 0.2090
2.765 Ca547 6.882 7.398 0.457 1.595 1.303C 05 .0190 4.154 1.314E 05 0.837 0.242 0.2336
3.111 0.619 8.031 8.565 0.524 1,603 1.384t 05 .C192 4.280 1.396E 0> 0.863 0.244 0.2476
3.798 0.770 10.179 10.819 0.616 1.602 1.532E 05 .0194 4.395 1.545E 05 0.886 0.229 0.2739
4.318 0.858 11.702 12.401 0.699 1.640 1.614E 05 .0194 4.514 1.627E 05 0.910 0.229 0.2881
4.908 0.978 14.035 14.926 0.817 1.622 1.733E 05 .0191 4.7Cl1 1.747E 05 0.948 0.227 0.3099
5.369 1.090 15.739 16.759 0.945 1.651 1.798t 05 .0198 4.886 1.813k 0> 0.985 0.236 0.3210
6.082 1.228 19.1%6 20.204 1.112 1.656 1.912E 05 .0196 5.176 1.928E 05 1.043 0.238 0.3413
6.615 1.326 22.02% 23.6%4 1.453 1.649 2.003E 05 .0193 5.522 2.020E 05 1.113 0.275 0.3574
7.081 lo424 24.918 26.385 1.682 1.653 2.066E 05 .0193 5.739 2.083t 0% 1.157 0.287 0.3686
7.643 1.525 29.730 31.732 1L.757 1.686 2.129k 05 .C195 6.485 2.147t 05 1.307 0.266 0.3794
8.086 1.628 38.937 40.755 o425 1.690 2.177t 05 .Cl96 7.85%0 <2.195E 05 1.582 0.181 0.3886
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MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT vS RE FOR REvV- 5

T=ST CCNDITIONS

TEST MNUMBER 3900 RUN NUMBER i DATE RUN DECEMBER 10, 1963

BAROMCTRIC PRESSURE = 29.360 IN HG TYP: E METERING RING TYPE B8 SPACER PLATE

METERING RING CLEARANCE = 0,0260 ANNULLS CLEARANCE = 0.095 METERING RING AREA RATIO =,.508

EQUIVALENT DIAMETeR = 0.1850 ANNULLS AREA = 0.3310 SQ IN METERING RING AREA = 0.1680 SQ I
Pl Ps3a P4 PEA P8A OPloA 0OP6A63 (P6ABA (P8ASE O0P3A38 DPB8u4 L[P344 0PEA3A (P44A R
PSI PLl PSI PSH nSI PSI PSSl PSI PSI PSI PSI PSI PSI PS{ R
110.0 104%.5 108.3 [0%.0 107.6 0.56 0.0Ca C.098 Q. C. 1.15 0.042 1.090 0.385 521.88

109.5 105.0 105.8 1G3.> 1lu8.3 1.13 0.007 0.231 0.007 =-0.C56 2.33 0.123 2.260 0.072 521.348
109.3 104.5 104.0 1C8.0 107.5 1.72 0.011 0.319 0.011 -0.(098 3.56 C.l23 3.414 0.108 522.10
110.0 1C#.0 103.0 108.3 107.8 2.16 Ceull 0.442 0.009 -0.137 4.72 L.123 44593 0.166 521.88
110.0 102.0 101.3 107.> 107.0 2.51 0.01e6 0.491 C.01lL -0.165 5.55 0.147 5.379 0.213 521.88
110.0 103.0 39.8 1C7.0 1G6.5 3.05 0.029 G.614 0.013 -0.173 6.88 0.196 6.656 0.282 521.29
110.0 93.0 37.5 1C7.0 106.0 3.63 O.u42 C.737 0.023 -0.188 8.40 C.246 84129 0.363 521.65
109.5 9¢.0 35%.5 106.0 105.0 4.08 0.051 0.810 0.009 -=C.21¢C 9.63 (.29> 9.308 0.405 521.43
110.0 93.5 92.3 1u5.2 lu4s.5 4.91 0.034 0.982 C.007 -0.302 12.16 0.3683 11.740 0.484 521.65
109.8 9569 90.1 1L4.8 103.» 5.33 U042 1.056 -0.004 =-0.318 13.51 0.393 13.041 0.533 521.43
110.0 8540 86.0 L1L4.2 103.0 6431 0.054 1228 -0.014 -G.452 17.00 0.491 16.504 0.6%0 521.20
110.5 83.0 82.5 104.0 102.8 7.00 0.065 1.375 -~0.016 -0.542 20.07 0.540 19.501 0.672 521.29
110.0 8u.0 79.% 103.0 101.5 T.417 C.0%4 1.474 -0.004 -0.632 22.35 0.614 21.686 0.715 521.05
110.8 75.0 74.5 1C3.0 1ul.0 8.08 0.073 1.621 -0.029 =~0.71C 26.79 0.678 26.029 0.759 521.29
110.0 7..0 9.5 10l.H 99.8 8.6% Vel ol l.744 -u.G31 ~-C.831 30.48 0.688 29.231 0.744 520.98
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TEST NUMBER
BAROMETRIC PRESSURE
METERING RING CLEARANCE = 0.0260
EQUIVALENT CIAMETER

DPLlo6AV
PSI

0.568
l.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

OP6BAYV
PSl

0.096
C.231
0.319
0.441
C.488
0.606
C.728
0.79C
0.969
1.033
1.194
1.335
l.445
t.5617
l.698

MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS

3900

DPE3AV
PSI

1.090
2.228
3.360
4.520
5.290
£.563
8.024
9.199
11.585
12.884
16.286
19.238
21.372
25.688
28.831

= 29.360 IN HG

= 0.1850

DP84AvV
PSI

t.210
2.383
3.630
4.824
5.691
T.061
8.636
9.901
12.487
13.875
17.439
20.536
22.833
27.320
30.983

DP34AvV
PSI

0.105
0.204
0.246
0.30%
0.376
0.473
0.588
0.677
0.853
0.917
1.153
1.274
l.4l2
1.543
1.592

RUN NUMBER
TYPE E METERING RING
ANNULUS CLEARANCE = 0.095
ANNULUS AREA

Cle

1.604
1.592
1.629
1.554
1.574
L.582
1.605
1.609
1.626
1.632
1.655
1.657
L.661
1.651
L.677

REL1668

5.8913E
8.349E
1.017¢
1.170E
1.253€
1.382¢€
1.503E
1.588E
1.733€
1.802€
1.351€E
2.057E
2.114€
2.217E
2.267E

04
04
0s
05
05
05
05
05
05
05
05
05
05
05
05

TEST CCNDITIONS

1

0.3310 sSQ IN

F68

«Q0167
«0197
.0183
.0191
.0184
.0187
.0189
.0182
.C187
.0184
.0180
.0181
.0184
.0182
.0187

ce3

3.3G56
3.30C0
3.362
3.379
3.466
3.526
3.616
3.686
3.887
3.975
4.233
4.468
4.653
5.0712
5. 440

RE FOR REV~- 5

DATE RUN
TYPE B SPACER PLATE
METERING RING AREA RATIO =.508

METERING RING AREA

REB384

5.943E
8.420¢t
1.025€
1.180E
1.264E
1.394E
1.516€
1.602E
1.747¢
1.817€
1.967¢
2.075¢&
2.132E
2.236¢E
2.286E

04
04
05
05
05
05
05
05
05
g5
a5
05
05
05
05

DECEMBER 10,

[of:13

0.875
0.8%0
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

= 0.1680 SQ IN

C3s

0.291
0.277
0.222
0.205
0.219
0.224
0.230
0.233
0.240
0.234
G.241
0.231
0.234
0.223
0.209

1963

FLOW
LB/SEC

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

TEST CONDITIONS

TEST NUMBER 4000 RUN NULMBER 3 DATE RUA JANUARY 17, 1964
BAROMETRIC PRESSURE = 29.300 IN HG TYPE E METERING RING TYPE B SPACER PLATE
METERING RING CLEARANCE = 0. ANNULUS CLEARANCE = 0.065 METERING RING AREA RATIO =.342
EQUIVALENT DIAMETER = 0.1276 ANNULLS AREA = 0.2265 SQ IN METERING RING AREA = 0.0775 SQ IN
Pl P3A P4 P6A PBA DPl6A UP6A6B DP6ABA DPBASB DP3A3B ODPB8A4 OP3A4 DOPBA3A DP44A TR
PSI Sl PSI PSI PSI PS1 PSI PS1 PSI PSI PSI PS1 PSI PSI R
=
119.5 118.2 117.5 119.% 119.3 0.39 Q. 0.098 0.011 0.CT74 1.92 0.221 1.719 0.011 523.01 :g
119.8 117.0 116.3 119.5 119.3 0.66 0. 0.147 0.020 0.119 3.17 0.344% 2.824 0.016 521.21
120.0 115.9 115.2 120.0 119.% 0.91 0. 0.196 0.028 0.197 4.59 0.476 4.087 0.027 520.08 gg
120.0 114.0 113.1 119.5 119.0 1.18 0. 0.270 0.036 0.264 5.92 0.599 5.295 0.036 518.50 g:
120.0 112.5 111.5 119.3 118.7 l.47 O. 0.344 0.047 0.331 T.49 0.747 6.705 0.054 517.59
120.0 110.6 109.5 119.0 118.2 1.74 O. 0.393 0.052 0.390 8.94 0.90v 8.007 0.069 517.37
120.0 108.9 107.2 1ll8.6 117.5 2.01 0. 0.467 0.061 0.452 10.56 1.081 9.480 0.079 517.82
: 120.0 106.0 104.5 118.0 117.2 2.36 0. 0.540 0.072 C.544 12.87 1.302 11.519 0.098 517.59 ?;
! 120.1 104.0 102.5 118.3 117.2 2.73 0. 0.639 0.079 0.659 15.23 1.523 13.680 0.108 517.37 O
! 120.0 101.5 99.6 117.5 116.6 3.08 -0.010 0.688 0.085 0.71C 17.44 1.758 15.645 0.119 517.37 Ei
120.0 98.5 96.5 L17.0 116.0 3.91 O. 0.810 0.094 0.777 20.11 1.987 18.076 0.126 518.72 g-
120.0 95.2 93.0 1L17.0 115.5 3.78 0. 0.884 0.103 0.900 23.14 2.260 20.827 0.155 518.9%5 s ¢
119.9 9l.2 88.7 116.0 114.6 4.18 O. 0.982 0.108 0.961 26.52 2.554 23.946 0.145 518.50 ¢
. 120.0 88.0 85.5 1lle.1 115.C 4,52 0.011 1.032 0.110 1.050 30.01 2.849 27.011 0.159 519.40 fi

120.0 83.1 79.9 115.9 114.5 4.91 0.014 1.169 0.116 1.106 34.95 3.144 31.398 0.159 518.50
120.1 76.8 73.5 1ll15%.5 114.0 5.34 0.018 1.277 0.116 C.988 40.54 3.193 37.238 0.166 517.59
120.0 56.0 56.5 115.0 113.0 5.80 0.022 1.400 0.107T -1.445 56.56 0.442 57.063 0.191 518.50
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MASS FLOW VS PRESSURE DROP AND LOSS CUEFFICIENT VS RE FOR REV- 5

TEST CONDITIONS

TEST NUMBER 4000 RUN NUMBER 3 DATE RUN JANUARY 17, 1964
BAROMETRIC PRESSURE = 29.300 IN HG TYPE E METERING RING TYPE B SPACER PLATE
METERING RING CLEARANCE = 0. ANNULUS CLEARANCE = 0.065 METERING RING AREA RATIOQ =.342
EQUIVALENT CJAMETER = 00,1276 ANNULLS AREA = 0.2265 SQ IN METERING RING AREA = 0.0775 SQ IN
DP16AV DP68AV DP83AV DP84AV DP34AV Clé RE1668 Fé68 cs83 RE8384 c8s C34 FLOW
PSI PSI PSI PSI PSI LB/SEC

0.393 0.104 1.751 1.919 0.192 1.603 3.499E 04 .0179 7.787 6.133E 04 0.912 0.772 0.0623
0.663 0.157 2.814 3.171 0.297 1.636 4.524E 04 .0164 7.776 7.928E 04 0.910 0.712 0.0803
0.909 0.211 4,171 4.603 0.403 1.556 5.45Ct 04 .C152 7.8l4 9.552E 04 0.914 0.662 0.0966
1.179 0.288 5.409 5.935 0.501 1.576 6.191E 04 .0162 7.847 1.085E 05 0.918 0.636 0.1095
Le474 0.367 6.847 7.511 0.625 1.579 6.932E 04 .0l166 7.936 1.215t 05 0.928 0.626 0.1225
1.744 0.419 8.175 8.967 0.767 1.588 7.521E 04 .0160 8.037 1.318t 0% 0.940 0.645 0.1328
2.014 0.497 9.675 10.595 0.920 1.587 8.079€ 04 .0164 8.191 1.416E 05 0.958 0.659 0.1428
2.358 C.576 1ll1.754 12.909 1.106 1.571 8.790E 04 .0160 8.412 1.541t 05 0.984 0.656 0.1553
2.726 C.678 13.970 15.275 1.281 1.564 9.48lt 04 .0162 8.541 1.662¢ C5 0.999 0.640 0.1674
3.075 0.735 15.957 17.487 1.495 1.588 9.989E 04 .0158 8.774 1.751E 0 1.026 0.659 0.1764
3.905 0.857 18.418 20.180 1.713 1.B15> 1.049€ 05 .0165 9.047 1.839E 05 1.058 0.659 0.1857
3.782 0.936 21.22% 23.219 1.945 1.580 1.106E 05 .0162 9.356 1.939E 05 1.094 0.655 0.1959
4.175 1.037 24.3712 26.605 2.209 1.601 1.158E 05 .0164 9.805 2.025€E 09 1.147 0.660 0.2044
4.530 1.081 27.481 30.1:19 2.486 1.595 1.204E 05 .0156 0.162 2.110E 05 1.189 0.660 0.2132
4.926 1.220 31.892 35.074 2.7764 1.612 1.251t 05 .0164 0.951 2.193E 05 1.281 0.651 0.2214
5.362 1.326 37.674 40.706 2.919 1.616 1.307E 05 .0163 1.658 2.291E 05 1.364 0.590 0.2310
5.818 le442 56.287 56.823 0.59% 1,626 1.354t 05 .0164 5.025 2.373t 05 1.758 0.088 0.2395
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MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- §

TEST CONDITIONS

120.0 85.5 82.8 117.0 116.5 3.63 -0.011 0.884 0.023 0.193 33.48 2.569 31.034 0.065 524.58
120.0 7642 72.5 116.5 115.5 4.0 -0.011 1.007 0.016 C.181 43.04 3.659 39.340 0.051 526.60
120.0 66.0 61.0 116.% 115.5 4.27 -0.018 1.081 0.022 Cel41 54.56 4.912 49.552 0.152 524.13
120.0 54.0 49.5 116.3 115.0 4.37 -0.009 1.081 0.036 04379 65.57  4.421 61.066 0.036 525.03

TEST NUMBER 4100 RUN NUMBER 1 DATE RUN DECEMBER 13, 1963
BAROMETRIC PRESSURE = 29.375 IN HG TYPE £ METERING RING TYPE B SPACER PLATE
METERING RING CLEARANCE = O. ANNULUS CLEARANCE = 0.065 METERING RING AREA RATIO =.272
EQUIVALENT DIAMETER = 0.1276 ANNULLS AREA = 0.2265 SQ IN METERING RING AREA = 0.0615 SQ IN
Pl P3A P4 P6A PBA DPl6A DP6A6GB DP6ABA DPaABB DP3A38 DP8A4 DP3A4 DPBA3A DP44A TR
PSI PSl PSI PS1 PSI PS1 PSI PslI PSI PSSt PSI PSI PSI PS1 R
e
120.0 113.5 118.0 120.0 120.0 0.29 0. 0.074 C. -0.C43 1.96 0.098 1.817 0.007 531.96
120.0 116.5 116.0 120.0 120.0 0.56 0.004 0.123 0.004 -0.089 4.03 0.221 3.733 0.014 531.07 Eg
118.5 113.3 112.5 118.9 118.3 0.88 0.005 0.221 0.009 -0.085 5.87 0.393 5.403 0.020 532.18 g;
119.5 112.5 112.0 119.% 119.0 1.06 0.005 0.270 0.011 -0.155 T.12 0.393 6.705 0.029 529.29
120.0 111.0 110.3 119.5 119.5 1.28 0.004 0.319 0.013 -0.072 .79 0.442 8.301 0.029 528.17 ;3
120.0 108.2 107.3 119.0 118.5 1.60 Q. 0.393. 0.013 -0.007 1l.17 0.688 10.512 0.043 528.39 o
120.0 105.5 104.0 119.0 118.5 1.92 0. 0.491 0.014 Q. 13.80 0.860 12.869 0.054 528.17
120.0 103.8 102.2 118.3 117.6 2.11 O. C.516 0.014 0. 15.60 1.081 14.515 0.065 527.50 ?;
120.0 101.0 100.0 1il18.5 117.8 2.36 -0.004 0.589 0.018 0.031 18.22 1.179 17.020 0.054 525.71 ¢
120.0 97.2 96.0 118.0 117.0 2.70 0. 0.688 0.018 ~0.03¢ 2l.44 1.375 20.090 0.065 526.82 Ei
119.8 83.7 82.0 117.2 116.5 3.00 0.005 0.761 0.018 0.065 24.76 1.719 23.062 0.061 526.15 .
120.0 83.9 87.0 117.5 116.5 3.29 0. 0.835 0.016 O.144 28.71 2.137 26.628 0.069 526.82 g
@
Q.
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MASS FLOw VS PRESSURE DROP AND LOSS COEFFICIENT vS RE FOR REV- 5

isu3 Kwoyy

TEST CCNDITIONS

TEST NUMBER 4100 RUN NUMBER 1 DATE RUN DECEMBER 13, 1963
BAROMETRIC PRESSURE = 29.375 IN HG TYPE F METERING RING TYPE B SPACcR PLATE
METERING RING CLEARANCE = 0. ANNULLS CLEARANCE = 0.065 METERING RING AREA RATIO =.272
EQUIVALENT CIAMETER = 0.1276 ANNULLS AREA = 0.2265 SQ IN METERING RING AREA = 0.0615 5Q IN
OP16AV ODP6BAV DOPEB3AV DPB84AV DP34AV Clé RE1668 F68 cs83 RE8384 c84 C34 FLOW
PS1 PSI PSI PSI PS1 LB/SEC
e
0.295 0.074 1.796 1.968 0.124 1.512 3.059E 04 .0160 0.072 7.045E 04 0.743 0.624 0.0552 o
0.568 0.123 3.687 4.037 0.276 1.412 4.406E 04 .0129 9.9373 1.015E 05 0.736 0.663 0.0794
0.890 0.223 5.35%6 5.878 0.448 1.525 5.260t 04 .0l161 9.992 1.211€ 05 0.737 0.731 0.0949
1.061 0.273 6.622 7.135 0.488 1.475 5.905 04 .0160 9.816 1.360E 05 0.724 0.638 0.1061
1.281 0.324 8.259 8.811 0.504 1l.444 6.586E 04 .0154 9.814 1.517€ 05 0.724 0.526 0.1182 ;!
1.596 0.399 10.502 11.207 0.730 1l.447 7.340FE 04 .Cl152 0.008 1.691E 05 0.738 0.600 0.1318 w
1.916 0.498 12.862 13.826 0.890 1.445 B8.051t 04 .0158 0.242 1.854E 05 0.755 0.595 0.1445
2.112 0.523 14.508 15.625 o117 1.6447 8.463E 04 .0150 0.492 1.949E 05 0.774 0.667 0.1517 ?;
2.354 0.600 17.026 18.272 1.221 1.420 9.056E 04 .0l151 0.783 2.086E 05 0.795 0.627 0.1619 [e)
2.702 0.697 20.063 21.493 1.455 1.451 9.571E 04 .Cl56 1.254¢ 2.204E 05 0.830 0.645 0.1714 a_
3.002 0.768 23.085 24.806 1.746 1.464 1.006E 05 .0156 1.757 2.316E 0> 0.867 0.681 0.1799
3.291 0.843 26.692 28.774 2.136 1.439 1.061E 05 .0153 2.195 2.443t 05 0.899 0.720 0.1900 E?
3.624 0.901 31.119 33.538 2.547 1.46% 1.109E 05 .0151 3.1C6 2.555E Q5 0.967 0.757 0.1980 o
4.042 1.021 39.422 43.110 3.644 1l.461 1.168E 05 .0152 4.993 2.689E 05 1.106 0.881 0.2091 .
4.255 1.101 49.612 54.708 5.003 1.454 1.208E 05 .0155 7.950 <2.782E 05 1.324 1.011 0.2155 ~
4.363 1.103 61.238 65.663 4.342 1.457 1.219E 05 .0152 1.032 2.809E 05 1.551 0.730 0.2178 pore
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MASS FLOW VS PRESSURE OROP AND LOSS COEFFICIENT VS RE FOR REV- 5

TEST CGNDITIONS

TEST NUMBER 4200 RU  NUBER 3 DATE RUN JANUARY 20, 1964

BAROMETRIC PRESSURE = 29.690 IN HG TYPE 8 METERING RING TYPE A SPACER PLATE

METERING RING CLEARANCE = 0. ANNULLS CLEARANCE = 0.065 METERING RING AREA RATIO =.266

EQUIVALENT OIAMETER = 0.1145 ANNULLS AREA = 0.2070 SQ IN METERING RING AREA = 0.0550 SQ Iwn
Pl P3A P4 P6A Pga OPL6A CP6AGB COPcisn JP5488 0OP3A38 OPBA4 COP3A4 DPBA3A DP44A TR
PSI PSI PSi PSI PSI PSI PSI PSI PSI PSI PSI PSI PSI PSI R

e

120.0 118.0 117.9 120.0 120.0 0.35 0.007 0.C74 0.011 0. 2.60 O. 2.603 0.009 522.11 g
119.8 1l14.0 113.9 119.5 119.0 G.74 0.011 0.172 0.020 =-C.007 5.55 0.025 5.477 0.025 520.98 Eg
120,0 112.5 112.0 11%9.5 119.0 0.93 0.013 0.187 0.025 -0.004 7.10 C. 7.049 0.034 520.04 gg
120.2 110.0 1C9.8 119.5 119.0 1.23 0.018 0.270 0.029 0.Cl4 9.77 Q. 9.67T7T 0.047 520.08
120.0 106.0 105.0 118.9 118.0 1.57 0.025 0.354 0.034 0.036 12.94 0.074 12.845 0.056 519.63 gé
120.1 10£.5 102.0 11%.0 118.0 1.92 0.027 0.418 0.051 0.C60 16.46 0.074 16.406 0.065 519.03 o
120.0 98.8 98.2 118.7 117.5 2.23 0.032 0.491 G.058 0.078 19.97 C.098 19.869 0.083 519.40
120.0 95.2 95.0 118.2 117.0 2.43 0.032 0.516 0.065 C.087 22.69 0,098 22.5%546 0.087 519.63 ?;
120.0 90.0 89.6 118.0 117.0 2.82 0.025 0.589 g.081 C.C94 27.83 0.108 27.006 0.108 518.05 o) 5
120.0 B4.5 84,2 117.3 116.5 3.12 0.029 0.639 0.096 0.099 32.74 0.157 32.002 0.123 517.14 Ei

120.0 8C.9 80.5 117.2 1l6.4 3.29 0.029 0.663 0.098 0.092 36.30 0.172 35.504 0.130 516.693
120.2 13.4 72.8 117.3 116.5 3.54 0.045 0.761 0.10Y 0.052 43.75 0Q.1396 43.343 0.163 516.01

nut

120.0 55.2 55.0 117.0 115.5 3.78 0.052 0.786 C.112 =-0.C94 60.56 0.221 60.364 0.173 514.64 ®

120.0 44,5 44,0 116.9 115.4 3.78 0.049 C.810 0.412 =-C.163 7Tl.47 0.452 70.973 0.033 514,42 Eﬁ
Eg t::;
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MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5

TEST CONDITIONS

TEST NUMBER 4200 RUN NUMBER 3 DATE RUN JANUARY 20, 1964
BAROMETRIC PRESSURE = 29.690 IN HG TYPE B METERING RING TYPE A SPACER PLATE
METERING RING CLEARANCE = 0. ANNULLS CLEARANCE = 0.065 METERING RING AREA RATIO =.266
EQUIVALENT DIAMETER = 0.1145 ANNULLS AREA = 0.2070 SG IN  METERING RING AREA = 0.0550 SQ INn
DP16AV CP68AV DP83AV DP84AV DP34AV  Clé REL668 F68 ce3 RE8384 c84 C34  FLOW
PS1 PSi PSI PSI PSl LB/SEC
o
0.361 0.075 2.598 2.605 0.007 1.630 2.996E 04 .0130 1.730 6.946E 04 0.828 0.032 0.0543 g
0.748 0.176 5.463 5.558 0.046 1.603 4.358E 04 .0144 1.836 1.010E 05 0.835 0.093 0.0788 o)
0.946 0.193  7.034 7.109 0.02% 1.607 4.911E 04 .0124 1.972 1.138t 05 0.845 0.040 0.0887 Eg
1.246 0.276 9.669 9.792 0.024 1.590 5.670E 04 .C133 2.357 1.314t 05 0.872 0.028 0.1024 =
1.597 0.358 12.846 12.963 0.092 1.603 6.396E 04 .0136 2.819 1.483k 05 0.905 0.082 0.1155 ]
1.943 C.429 16.411 16.473 0.087 1.993 7T.0T9E 04 .0132 3.268 1.641F 0 0.936 0.062 0.1278 o
2.267 G.504 19.879 19.994 0.115 1.597 7.638E 04 .0133 3,798 1.770E 05 0.974 0.067 0.1378
2.463  0.532 22.557 22.724 ©0.118 1.587 7.983F 04 .C128 4.315 1.850t 05 1.010 0,061 0.1641 3
2.850 0.617 27.012 27.861 0.136 1.593 8.604E 04 .0129 5.172 1.994E 05 1.071 0.059 0.1550 o
3.148 0.672 32.C03 32.781 0.198 1.598 9.050FE 04 .0127 6.163 2.098E 05 1l.141 0.074 0.1628 E{
3.320 0.697 35.501 36.347 0.222 1.595 9.310E 04 .0125 6.945 2.158E 05 1.196 0.075 0.1674 e
3.582 0.791 43.317 43.814 0.291 1.582 9.735E 04 .0130 8.723 2.257t 05 1.321 0.083 N.1748 g
3.835 0.816 60.261 60.645 0.409 1.615 9.994E 04 .0l27 4.666 2.317E 05 1l.741 0.089 0.1791 2
3.831 0.842 70.836 71.490 0.604 1.605 1.003E 05 L0131 B8.910 2.324E 05 2.040 0.1l11 0.1796 B2
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MASS FLOW VS PRESSURE OROP AND LOSS COEFFICIENT VS RE FOR REV- 5

TEST CCNDITIONS

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 = O. ANNULUS CLEARANCE = 0.065 METERING RING AREA RATIO =.374

EQUIVALENT DIAMETER = 0.1145 ANNULUS AREA = 0.2070 SC IN METERING RING AREA = 0.0775 SQ IN
Pl P3A P& P6A P8A DP1l6A DP6AGB DP6&ABA DP8ASB DP3A38 DPBA4 DP3A4 OPBA3A DP44A TR
Y PSI PSI PSI PSI PSI PSI PSI PSI PSI PSI PsSI PSI PSI R
120.0 119.2 119.0 120.0 119.6 0.37 0.005 0.088 0.014 0.005 1.28 0. 1.302 0.014 520.53
120.0 117.0 117.2 120.0 119.6 0.79 0.009 0.157 0.030 0.004 2.90 0. 2.898 0.029 519.18

120.0 115.5 115.5 119.7 119.2 1.13 0.014 0.246 0.038 0.007 4.22 0.025 4.151 0.036 517.14
119.9 114.0 113.8 119.0 118.5 l.33 0.018 0.295 0.045 0.014a 4.99 0.059 4.912 0.043 515.78
120.0 113.0 113.0 119.0 118.5 1.57 0.018 0.344 0.052 C.014 5.97 0.069 5.894 0.054 515.10
120.0 112.0 111.9 119.0 11i8.3 1.77 0.022 Q0.393 0.08C 0.018 6.83 0.093 6.729 0.067 5Sl4.42
120.1 110.0 109.9 119.0 118.0 2.19 0.023 0.467 0.Cc7? 5.023 8.60 (C.098 8.498 0.079 514.42
120.0 10/(.5 107.0 118.0 1l17.0 2.53 Q.02% 0.516 G.08¢ C.G34 10.12 G.108 130.01L 0.0910 513,51
120.2 106.0 105.8 118.3 117.3 2.85 0.016 0.589 0.096 Cel43 11.79 GC.123 11.641 0.108 513.05
120.0 103.1 102.8 117.% 116.3 3.27 0.022 0.688 0.11C G.C43 13.85 0.172 13.655 0.119 512.60
120.1 10C.0 99.0 117.3 1l6.2 3.68 0.0¢9 0.786 0.130 0.043 16.58 0.187 16.357 0.137 512.37
120.0 96.7 96.2 116.5 115.0 4.13 0.033 0.884 Q.152 0.050 19.67 0.136 18.911 Q0.164 511.92
120.1 91.3 91.0 Ll6.2 114.9 4.81 0.060 1.032 0.170 0.049 24,17 0C.221 23,799 0.188 512.14
120.0 86.5 86.0 115.3 114.0 5.26 0.078 l.154 0.184 0.C49 28.44 0.295 27.497 0.220 512.37
119.5 T5.6 75.0 114.0 112.5 6.12 0.083 1.302 0.228 0.C51 37.54 0.418 36.904 0.191 512.37
*® 3 119.9 57.8 57.0 113.5 112.0 6.58 c.1¢8 1.375 0.253 -0.098 55.06 0.614 54.258 0.036 511.69
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MASS FLOW VS PRESSURE DRUP AND LOSS COEFFICIENT VS RE FOR REV- 5

TEST CCNDITIONS

TEST NUMBER 4300 RUN NULMBER 3 DATE RUN JANUARY 20, 1964

BAROMETRIC PRESSURE = 29.720 IN HG TYPE C METERING RING TYPE A SPACER PLATE

METERING RING CLEARANCE = O. ANNULULS CLEARANCE = 0.065 METERING RING AREA RATIO =.374

EQUIVALENT CIAMETER = 0.1145 ANNULLS AREA = 0.2070 SC IN METERING RING AREA = 0.0775 SQ IN
DP16AV CP68AV DP83AV DPB84AV DP34aAV clLe RE1668 F68 cas RE8 384 C84 C34 FLCW

PSI PSI PSI PSI PSI LB/SEC

0.374 0.093 1.298 1.282 0.009 1.715 2.985E 04 .0l62 5.859 5.230t 04 0.821 0.040 0.0540
0.795 0.167 2.885 2.907 0.022 1.586 4.542t 04 .0127 5.758 17.958t 04 0.806 0.043 0.0820
l.144 0.257 4.135 4.238 0.053 1.987 5.475€ 04 .C135 5.816 9.592t 04 0.815 0.071 0.0985
l.344 0.308 4.897 5.002 0.090 1.590 5.945E 04 .0138 5.845 1.042E 05 0.819 0.102 0.1067
1.590 0.361 5.8175 5.992 O0.112 1.578 6.5C05€ 04 .Cl35 5.860 1.140E 05 0.821 0.105 O0.1167
1.790 0.412 6.709 6.855 Os142 1.571 6.928t 04 .0136 5.919 1.214E 05 0.829 0.116 0.1241
2.209 0.491 8.473 8.627 0.15%54 1.572 T7.699E 04 .0131 6.0l4 1.349t 05 0.842 0.100 0.1379
24554 0.54¢ 9.945 10.156 0.170 1.592 8.240€ 04 .Cl27 6.184 1l.444t 05 0.866 0.096 0.1474
2.865 0.63C 1l.614 11.834 0.195 1.558 8.837t 04 .0128 6.270 1.548E 05 0.878 0.094 0.1580
3.288 0.732 13.622 13.90)3 0.256 1.581 9.402t 04 .0131 6.486 1.647E 05 0.908 0.107 0.1680
3.713 0.837 16.316 16.632 0.281L 1.953 1.009E 05 .0l30 6.722 1.768E 05 0.941 0.100 0.1802
4.159 0.944 18.860 19.734 0.309 1.579 1.060t 05 .0133 7.2C9 1.857E 05 1.010 0.096 0.1892
4.873 1.087 23.738 24.245 0.39%9 1.588 1.144E 05 .0130 7.550 2.004E 05 1.057 0.091 0.2042
5.334 1.208 27.430 28,532 0.454 5.066 3.882E 04 .1250 6.679 6.80lE 04 0.740 0.959 0.0693
6.199 1.374 136.815 37.610 0.579 1.644% 1.264E 05 .0133 9.411 2.215E 05 1.318 0.103 0.2258
6.690 l.448 54.083 55.041 0.771 1.647 1.316E 05 .C129 2.732 2.307e 05 1.783 0.102 0.2349
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MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENTY VS RE FOR REV- 5

TEST CCNDITIONS

TEST NUMBER 4400 RUN NUMBER 1 DATE RUN DECEMBER 1963

BAROMETRIC PRESSURE = 29.742 IN Ho TYPE C METERING RING TYPE A SPACER PLATE

METERING RING CLEARANCE = 0.0280 ANNULLS CLEARANCE = 0.095 METERING RING AREA RATIO =.962

EQUIVALENT DIAMETER = 0.1709 ANNULUS AREA = 0.3115 SQ IN  METVERING RING AREA = 0.1750 5Q IN
Pl P3A P4 P6A PBA DPLLA DP6A6B DP6ABA DPBABB DP3A3B DP8A4 DP3A4 DPBA3A DP4sA TR
PSI 33 PSI PSI PSI PSI PSI PSI PSI Pst PSI PSI PSI PSI R

(penutquo)) g XIANEIAY

110.5 110.0 110.0 110.5 110.5 0.52 0.004 0.098 -0.009 0.051 0.54 0.172 0.639 0.004 523.46
110.5 108.9 108.9 110.2 110.0 1.03 0.009 0.196 =-0.016 0.087 0.96 0.221 1.154 0.016 524.13
110.0 107.5 107.% 109.0 109.0 l.42 C.014 0.295 -0.022 O.117 1.28 0.221 1.498 0.025 524.36
110.0 106.0 106.0 108.5 108.0 1.87 0.016 0.368 -0.027 0.163 1.69 0.29> 1.989 0.040 522.78
110.0 105.5 105.8 108.% 108.0 2.21 0.022 0.467 =~0.029 0.182 2.06 0.393 2.456 0.049 523.23
110.8 10%.2 105.8 109.C 108.4 2.51 0.020 0.516 -0.034 0.213 2.87 C.467 2.849 0.051 522.56
109.8 103.5 103.5 107.0 106.5 2.96 0.007 0.589 -0.025 0.248 2.82 0.516 3.340 0.043 524.58
110.0 102.2 102.5 107.Uu 106.5 3.59 0.014 0.712 -0.007 0.287 3.41 0.663 4.077 0.045 522.56
110.0 10%.5 100.1 106.5 105.5 4.25 0.042 0.884 ~0.051 G.37C 4022 0.810 4.986 0.051 523.68
110.0 93.0 99.8 1C5%.2 104.7 4.75 0.052 0.982 -0.054 0.42C 4.79 0.909 5.673 0.069 521.88
110.0 9r.2 98.2 105.0 1lu4.0 5.55 0.060 1.130 -0.067 0.423 5.76 1.056 6.793 0.098 521.66
110.0 94,2 95.5 104.0 103.0 6.61 0.067 1.366 -0.087 C.562 7.20 1l.351 B.473 0.079 521.438
110.0 84.0 90.8 102.0 100.2 8.30 0.08> 1.253 -0.098 0.7317 9.75 1.867 11.592 0.137 522.33
109.5 83.5 87.5 100.5 49.0 3.23 G065 1.940 -0.119 G0.817 11.49 2.210 13.631 0.163 523..23
110.0 80.0 82.7 99.8 97.5 10.71 O.123 2.260 -0.155 0.898 14.83 2.898 17.732 0.224 522.56
109.0 Ta.4 77.5 58.0 95.5 1ll.72 0.116 2.456 -0.164 0.952 17.93 3.488 21.465 0.318 521.21
109.0 66.0 70.8 97.0 94.0 12.50 0.1C3 2.652 -0.258 0.545 22.45 4.666 28.028 0.423 520.>3%
108.0 5%.5 62.0 95.6 73.0 12.92 0.081 2.751 -0.267 1.131 30.97 6.901 37.538 0.033 519.40
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MASS FLOW VS PRESSURE DRUP AND LOSS COEFFICIENT VS RE FOR REV- 5

TEST CONDITIONS

TEST NUMBER 4400 RUN NUMBER 1 DATE RUN DECEMBER 1963
BAROMETRIC PRESSURE = 29.742 IN HG TYPE C METERING RING TYPE A SPACER PLATE
METERING RING CLEARANCE = 0.0280 ANNULUS CLEARANCE = 0.095 METERING RING AREA RATIO =.562
EQUIVALENT CIAMETER = 0.1709 ANNULUS AREA = 0.3115 SQ IN METERING RING AREA = 0.1750 SQ Iw
DPL6AV OP68AV DPE3AV DPB4AV DP34AV Clé6 REL1668 F68 ca3 RE8384 c84 C34 FLOW
PSI PSI PSI PSI PSI LB/SEC

0.519 0.092 0.668 0.546 -0.196 1.429 5.507E 04 .Cl43 1.495 5.593E 04 0.472 0.534 0.1008
1.041 0.184 1.206 0.962 -0.269 1.523 7.539E 04 .0152 1.394 7.657E 04 0.440 0.385 0.1382
1.439 0.277 1.568 1.282 -0.286 1.551 B8.763E 04 .0168 1.363 8.900E 04 0.430 0.300 0.1606
1.882 0.347 2.084 1.700 -0.384 1.589 9.939E 04 .0164 1.4C9 1.009E 05 0.445 0.313 0.1818
2.232 0.441 2.562 2.067 -0.494 1.594 1.080E 05 .0176 1.444 1.097E 05 0.456 0.338 0.1976
2.525 0.489 2.973 2.880 -0.584 1.551 1.170FE 05 .0167 1.726 1.188E 05 0.545 0.342 0.2139
2.969 0.573 3.477 2.832 -0.645 1593 1.240E 05 .0l71 1.476 1.260E 05 0.466 0.326 0.2275
3.623 0.701 4.224 3.420 -0.804 1.614 1.369E 05 .0173 1.471 1.391E 05 0.464 0.333 0.2503
4.316 0.838 5.196 4.251 -0.994 1.592 1.501E 05 .0170 1.503 1.524E 05 0.474 0.336 0.2748
4.834 0.929 5.910 4.814 -1.121 1.616 1.583E 05 .Cl70 1.535 1.608E 05 0.485 0.340 0.2891
5.640 1.067 7.038 5.776 -1.282 1.614 1.712€ 05 .0166 1.564 1.739E 05 0.494 0.326 0.3126
6.710 1.289 8.797 T+239 -1.632 1.616 1.865E 05 .0167 1.632 1.894E 05 0.515 0.340 0.3407
8.424 1.161 12.010 9.782 -2.252 1.651 2.065E 05 .0121 1.770, 2.097E 05 0.559 0.365 0.3775
9.339 1.848 14.099 11.530 -2.643 1.672 2.152t 05 .Cl74 1.879 2.185E 05 0.593 0.377 0.3938
10.877 2.120 18.259 14.857 -3.402 1.695 2.315E 05 .0172 2.074 2.351E 05 0.655 0.397 0.4232
11.878 2.316 22.024 17.912 -4.062 1.712 2.405€ 05 .0172 2.286 2.443E 05 0.721 0.414 0.4389
12.679 2.472 28.629 22.426 -~5.289 1.700 2.499E 05 .0169 2.638 2.538E 05 0.833 0.458 0.4555
13.077 2.57T6 38.237 31.126 -~T7.445 1.720 2.519E 05 .Cl72 3.571 2.559E 05 1.127 0.549 10,4585
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MASS FLOW VS PRESSURE DRCP AND LOSS COEFFICIENT VS RE FOR REV- 5

TEST CONDITIONS

TEST NUMBER 4500 RUN NULMBER 1 DATE RUA DECEMBER 18, 1963

BAROMETRIC PRESSURE = 29.730 IN Hu TYPE d METERING RING TYPE A SPACER PLATE

METERING RING CLEARANCE = Q.028v ANNULLS CLEARANCE = 0.095 METERING RING AREA RATIO =.4930

EQUIVALENT CIAMETER = 0.1709 ANNULUS AREA = 0.3115 SQ IN METERING RING AREA = 0.1525 SQ 1%
Pl P3A P4 P6A PEA DPL6A DP6A6GB DP6ABA DOPBABB 0OP3A38 ODOPBA4 CP3A4 DPB8A3A DP44A TR
PSSl PSI PSI PSI PSI PSI PSI PSI PSI PSI PSI PSI PSI PS1 R

110.0 108.5 109.0 110.0 110.0 0.54 0.004 0.C98 -0.011 0.034 0.81 0.196 0.982 0.009 527.50
110.0 107.5 107.5 109.5 109.3 1.03 0.007 0.196 -0.022 0.056 1.52 0.393 1.891 0.020 527.50
110.0 106.0 106.5 109.0 108.8 1.42 0.007 0.285 -0.029 0.C83 2.14 0.565 2.677 0.031 927.05
110.3 105.0 105.8 109.0 108.8 1.78 0.007 0.344 -0.036 0.115 2.73 0.712 3.414 0.036 527.05
110.0 104.5 104.8 1C08.7 108.2 2.05 0. 0.393 -0.042 0.132 3.17 0.78% 3.930 0.033 525.93
110.0 103.0 104.0 108.1 107.5 2.38 0.007 C.472 -0.058 0.152 3.71 0.909 4.593 0.022 523.91
110.0 102.0 102.8 108.0 107.2 2.80 0.010 0.540 -0.072 0.184 4.42 1.105 5.492 0.029 525.48
110.0 99.8 100.8 107.0 106.3 3.39 0.045 0.663 -0.083 0.228 5.45 1.351 6.769 0.011 524.13
110.0 97.0 98.5 1C6.5 105.5 4.19 0.025 G.786 -0.090 0.2617 7.00 1.768 8.734 0.014 523.68
110.0 93.7 35.6 105.0 104.2 4.94 0.038 0.982 -0.125 0.302 8.60 2.137 10.733 0.018 523.01
110.0 90.2 92.7 104.5 103.5 5.75 0.054 1.179 -0.181 0e356 10.63 2.677 13.287 0.022 523.91
112.0 88.2 91.95 104.7 104.6 6.36 0.052 1.326 -0.220 0.412 12.98 3.316 16.136 0.033 S524.81
110.0 84.2 87.5 103.5 102.5 6.90 0.058 l.424 -0.112 Ce.421 14.59 3.610 18.150 0.036 523.68
110.2 81.0 85.1 103.2 102.0 T.44 0.070 1.523 ~0.199 Ce439 16.73 4.126 20,768 0.025 523.91
110.5 78.0 82.5 103.0 101l.0 7.96 0.038 l.646 -0.217 Cl461 18.81 4.642 23.406 0.029 523.31
111.0 72.0 717.5 1C€C2.8 101.0 8.69 0.058 1.817 -0.238 0.490 23.14 5.747 29.030 0.069 524.58
109.8 64.2 71.0 10C.8 99.C 9.26 0.051 1.916 -0.289 0.383 28.00 6.754 34.836 0.217 523.68
109.0 59.0 66.5 100.0 98.0 9.38 0.043 1.940 ~0.294 0.325 31.73 7.515 39.041 0.314 523.46
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MASS FLOw VS PRESSURE DROP AND LOSS COEFFICIENT vS RE FOR REV- S

TEST CCNDITIONS

TEST NUMBER 4500 RUN NUMBER 1 DATE RUN DECEMBER 18, 1963

BAROMETRIC PRESSURE = 29.730 IN HG TYPE B METERING RING TYPE A SPACER PLATE

METERING RING CLEARANCE = 0.0280 ANNULLS CLEARANCE = 0.095 METERING RING AREA RATIO =.490

EQUIVALENT DIAMETER = 0.1709 ANNULLS AREA = 0.3115 SQ IN METERING RING AREA = 0.1525 SQ IN
DP16AV DP68BAV DPE3AV DPg4AV DP34AV Clé RE1668 Fé68 ca3 REB384 C84 C34 FLUW

PSI PSI PSI PSI PSI LB/SEC

0.54%4 0.091 1.005 0.813 ~0.217 1.458 S.514E 04 .0138 2.168 5.606E 04 0.520 0.573 0.1016
1.039 0.182 1.930 1.527 -0.428 1.515 7.476E 04 .0150 2.205 7.602E 04 0.529 0.608 0.1377
1.432 0.267 2.733 2.143 -0.615 1.501 8.826E 04 .0158 2.216 8.974E 04 0.531 0.622 0.1625
1.785 0.322 3.489 2.735 -0.779 1.472 9.964E 04 .0149 2.217 1.013E 05 0.532 0.614 0.1834
2.053 0.372 4.016 3.185 -0.855 1.481 1.067€E 05 .C150 2.253 1.085& 05 0.540 0.585 0.1961
2.390 0.439 4.697 3.742 -0.980 1.504 1.148E 05 .0154 2.302 1.167¢& 05 0.552 0.579 0.2103
2.810 0.499 5.620 4.470 -1.184 1.515 1.2358 05 .0150 2.346 1.256E 05 0.563 0.593 0.2269
3.434 0.599 6.924 5.520 ~-1.438 1.530 1.364E 05 .0148 2.380 1.386E 05 0.571 0.584 0.26499
4.215 0.728 8.912 T.076 =1.871 1.527 1.514E 05 .0145 2.462 1.539E 05 0.590 0.602 0.2772
4.996 0.901 10.946 B.703 -2.243 1.543 1.642E 05 .0152 2.561 1.670E 05 0.614 0.599 0.3005
5.823 1.061 13.555 10.771 -2.809 1.565 1.757E 05 .0155 2.734 1.787E 05 0.656 0.631 0.3219
6.439 1.190 16.452 13.154 -3.460 1.566 1.858t 05 .0156 3.CC6 1.889E 05 0.721 0.681 0.3408
6.987 1.340 18.416 14.710 =3.756 1.580 1.916E 05 .0163 3.1C4 1.948E 05 0.744 0.667 0.3510
T.542 1.388 21.087 16.893 -4.277 1.584 1.989E 05 .0156 3.293 2.023E 05 0.790 0.682 0.3645
8.029 1.518 23.T44 18.995 -4.799 1.592 2.049€ 05 .Cl60 3.480 2.08%E 05 0.835 0.699 0.3754
8.788 1.669 29.394 23.304 -5.942 1.598 2.141E 05 .0l61 3.885 2.177& 05 0.932 0.738 0.3926
9.348 L.746 35.172 28.119 -6.970 1.624 2.185E 05 .Cl60 4.450 2.221t 05 1.067 0.761 0.4001
9.464 1.771 39.350 31.793 -7.763 1.628 2.190E 05 .0160 4.972 2.226E 05 1.192 C.789 0.4009
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TEST NUMBER
BAROMETRIC PRESSURE =
METERING RING CLEARANCE = 0.0630
EQUIVALENT CIAMETER =

Pl
PSI

109.5
109.5
110.0
110.0
109.5
110.0
1i1.0
110.0
110.0
109.0
100.0
101.0
100.0
100.0

99.5
100.0

P3A
PSI

108.0
106.5
106.3
105.0
104.0
103.8
103.2
101.5
100.0
98.0
86.8
86.0
83.5
82.5
80.5
78.0

P4
PSI

108.0
106.8
106.8
105.5
104.5
104.5
104.2
102.5
101.0
99.5
88.8
88.0
86.0
85.0
8L.5
82.0

MASS

4600

P6A
PS1

109.0
108.5
108.8
107.5
1C7.2
107.5
108.0
106.5
105.5
104.5
95.0
95.0
93.5
93.0
92.0
91.5

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

29.525 [N HG

0.2355

P8A
PSI

109.0
108.0
108.5
107.3
106.8
107.0
107.1
105.8
105.0
103.5
93.5
93,5
92.2
91.5
90.5
30.0

DP1l6A
PSI

0.91
1.55
1.96
2.38
2.73
3.02
3.53
3.88
4.45
4.94
5.77
6439
6.95
T.37
Te.81
8.47

TEST CCNDITIONS

RUN NUMBER
TYPE 8 METERING RING
ANNULUS CLEARANCE =
ANNULLS AREA

DP6A6E
PSI

0.007
0.014
0.011
0.018
0.101
0.123
C.137
0.148
O.145
00173
0.173
0.191
0.1985
0.215
0.237
0.255

DP6ABA
PSI

0.147
0.246
0.295
0.368
0.530
0.589
0.737
0.747
0.835
0.309
1.071
1.203
1.302
1.375
l.474
1.972

1

0.130

= 0.4334 SC IN

DpPgAss
PS1

-0.007
~-0.011
-0.014
-0.014
-0.025
-0.023
-0.023
-0.040
~0.036
-0.047
~0.045
-0.043
-0.116
-0.112
~0.058
-L.049

DP3A38
PSI

C.Cl4
0.022
0.014
0.014
0.025
0.C29
0.C3¢
0.036
0.04C
0.C49
Ce043
0.051
0.C42
C.C51
C.C51
0.047

DATE RUN
TYPE A SPACER PLATE
METERING RING AREA RATIO =.633

METERING RING AREA = 0.2745 5Q IN

DPB8A4
PSI

0.59
1.03
1.33
l1.67
1.99
2.23
2.65
2.95
3.44
3.88
4.81
3.56
6.09
6.517
7.12
8.18

CP3A4
PSI

0.309
0.516
0.737
0.835
C.933
1.105
1.326
1.351
1.596
1.817
2.210
2.063
2.702
2.893
3.085
3.488

DECEMBER 20,

DP8A3A
PSI

0.909
1.533
2.063
2.515
2.923
3.340
3.954
4.323
5.010
5.698
6.975
7.982
8.743
9.406
10.217
11.568

DP44A
PSt

0.014
0.014
0.018
0.022
0.036
0.051
0.072
0.072
0.072
0.094
0.090
0.094
0.101
0.087
0.094
0.094

1963

TR
R

515.32
514.19
514.19
513.28
513.73
513.50
513.05
512.59
511.68
511.68
511.68
511.46
511.46
51l.08
511.68
5l1.68
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MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT VS RE FOR REV- 5

TEST CCNDITIONS

TEST NUMBER 4600 RUN NUMBER 1 DATE RUA DECEMBER 20, 1963

BAROMETRIC PRESSUKE = 29.525 IN HG TYPE B METERING RING TYPE A SPACER PLATE

METERING RING CLEARANCE = 0.0630 ANNULUS CLEARANCE = 0.130 METERING RING AREA RATIO =.033

EQUIVALENT CIAMETER = 0.2355 ANNULLS AREA = 0.4334 SC IN METERING RING AREA = 0.,2745 SQ In
DP16AV OP6B8AV DP83AV DP84AV DP34AYV Cle REL1668 F68 ca3 REB384 c84 C34 FLOW

PSI PSI PSI PSI PsSI LB/SEC

0.916 0.140 0.920 0.603 -0.307 1.270 1.086E 05 .0151 0.828 1.104E 05 0.332 0.419 0.1983
1.562 0.233 1.549 1.048 -0.516 1.304 1.403E 05 .0151 0.862 1.427t 05 0.346 0.419 0.2558
1.976 0.282 2.077 1.347 -0.731 1.280 1.596E 05 .0l41 0.857 1.623E 05 0.344 0.457 0.2910
2.400 0.352 2.529 le694 -0.825 1.290 1.757€ 05 .0146 0.890 1.786E 05 0.357 0.425 0.3199
2.827 0.467 2.948 2.027 -0.921 1.312 1.885E 05 .0166 0.916 1.916E 05 0.367 0.406 0.3433
3.168 0.516 3.366 2.280 -1.086 1.304 2.00€E 05 .Cl63 0.911 2.040E 05 0.365 0.422 0.3654
3.691 0.656 3.984 2.712 -1.296 1.312 2.170E 05 .0178 0.931 2.206E 05 0.373 0.430 0.3950
4.058 0.653 4.360 3.006 -1.319 1.328 2.255E 05 .0162 0.950 2.293t 05 0.381 0.400 0.4102
4.621 0.745 5.048 3.506 -1.567 1.343 2.399E 0S5 .0l64 0.975 2.439€E 0> 0.391 0.417 0.4357
5.150 0.799 S5.746 3.97Y -1.774 1.340 2.525E 05 .0156 0.984 2.567& 05 0.394 0.418 0.4586
5.991 0.962 7.019 4.904 -2.165 1.362 2.60lE 05 .0163 1.048 2.644E 05 0.420 0.432 0.4723
6.626 1.086 8.029 3.646 -2.026 1.351 2.760E 05 .0164 0.694 2.806E 05 0.278 0.357 0.5011
7.206 l.146 8.822 6.210 -2.661 1.391 2.825E 05 .0163 1l.1l11 2.872E 05 0.446 0.437 0.5128
7.668 1.212 9.488 6.685 -2.867 1l.417 2.885t 05 .Cl64 1.140 2.933E 05 0.457 0.445 0.5240
8.141 1.326 10.271 7.218 -3.044 1.437 2.946E 05 .0171 1.168 2.995E 05 0.469 0.444 0.5350
8.823 1.420 11.616 8+259 -3.454 1.452 3.058E 05 .0169 1.238 3.109t 05 0.496 0.460 0.5554
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MASS FLOW VS PRESSURE DROP AND LOSS COEFFICIENT vS RE FOR REV- 5

TEST CCONDITIONS

TEST WUMBER 4700 RUN NUMBER 1 DATE RUN DECEMBER 20, 1963

BARCMETRIC PRESSURE = 23.470 IN Ho TYPE C METERING RING TYPE A SPACER PLATE

METERING RING CLEARANCE = 0.0630 ANNULUS CLEARANCE = 0.130 METERING RING AREA RATIO =.685

EQUIVALENT DIAMETLR = 0.2355 ANNULLS AREA = 0.4334 S5Q IN METERING RING AREA = 0.2969 5Q IN
Pl P3a P4 P6A P8A DP16A DP6A6GB DP6ABA DP8ABB DP3A3B DPBA4 DP3A4 DPBA3A DP44sA TR
PSI P31 PSI PSI PSI PSI PSI PSI PSI PSI PSI PSI PSI PS1 R
110.0 108.5 108.5 109.3 109.3 0.93 0. 0.147 -0.007 0.011 0.42 0.196 0.688 0.029 515.10
109.5 107.0 107.0 108.0 107.7 1.47 0. 0.236 =-0.014 0.009 0.64 0.270 0.933 0.043 516.67

110.0 107.0 107.0 108.5 108.2 lL.84 0.005 0.295 -0.018 0.011 c.81 0.393 1.253 0.058 516.00
110.0 106.2 106.5 108.0 107.5 2.36 0.013 0.363 -0.014 0.005 1.06 0.516 1.572 0.072 515.77
110.0 105.2 105.5 107.5 107.0 2.82 0.029 0.%442 -0.018 0.004 1.28 0.639 1.891 0.094 514.86
110.0 104.5 105.0 107.0 1:06.5 3.32 0.036 0.516 -0.009 0.020 1.50 0.737 2.260 0.116 513.96
110.0 103.8 104.0 106.5 106.0 3.71 0.036 0.589 -0.022 0.036 1.69 0.835 2530 0.116 515.09
110.0 103.0 103.5 10&.3 105.5 4.13 0.033 0.639 -0.014 0.038 1.89 0.933 2.824 0.145 514.86
110.5 102.6 103.5 106.5 105.5 4.57 0.027 0.712 -0.022 0.045 2.11 1.081 3.193 0.148 514.63
100.9 90.8 392.0 95.8 95.0 5.67 0.036 0.884 -0.047 C.058 2.78 1.424 4.151 0.181 513.73
100.8 89.9 31.0 95.3 94.4 6.19 0.036 0.982 -0.033 0.069 3.12 1.547 4.617 0.191 513.27
100.0 87.8 89.0 33.5 92.5 6.51 0.036 1.056 -0.045 0.C54 3.27 1.572 4.838 0.188 S513.95
100.5 87.5 89.0 94.2 92.9 7.02 0.045 1.105 -0.042 0.081 3.63 1.768 5.354 0.220 513.50
100.5 86.5 88.0 93.5 92.3 7.59 0.033 1.203 -~0.036 0.079 4.03 1.965 5.944 0.235 513.27
100.0 8445 86.5 92.5 91.0 8.06 0.036 1.277 -0.022 0.058 4.35 2.112 6.361 0.238 513.27
97.0 79.5 8l.5 88.5 87.0 8.99 0.040 1.449 <-0.022 c.072 5.11 2.407 7.515 0.249 513.49
93.2 "3.5 T6.0 83.5 82.0 9.73 0.168 1.719 -0.036 0.C65 9.87 2.652 8.522 0.282 512.81
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MASS FLOW VS PRESSURE OROP AND LOSS COEFFICIENT VS RE FOR REV- 5

u3 s1woyy

TEST CONDITIONS

TEST NUMBER 4700 RUN NUMBER 1 DATE RUN DECEMBER 20, 1963
BAROMETRIC PRESSURE = 29.470 IN HG TYPE C METERING RING TYPE A SPACER PLATE
METERING RING CLEARANCE = 0.0630 ANNULUS CLEARANCE = 0.130 METERING RING AREA RATIO =.685
EQUIVALENT DIAMETER = 0.2355 ANNULUS AREA = 0.4334 SQ IN METERING RING AREA = 0.2969 SQ IN
DP16AV DP6BAV DPB83AV DPB84AV DP34AV Clé REL668 Fo68 ca3 REB384 cs4 C3a FLOW
PS1 PSI PSI PSt PS1 LB/SEC

0.933 0.144 0.697 0.455 -0.168 1.287 1.092E 05 .0154 0.622 1.109E 05 0.292 0.229 0.1993
1.474 0.229 0.945 0.675 -0.246 1.313 1.350E 05 .0158 0.593 1.371€ 05 0.278 0.214 0.2470
1.847 0.283 1.267 0.889 -0.329 1.276 1.539E 05 .0151 0.604 1.563E 05 0.283 0.221 0.2813
2.370 0.350 1.582 1e146 =-0.435 1.310 1.721€ 05 .0149 0.620 1.748E 05 0.291 0.232 0.3146
2.877 0.419 1.902 1.390 -0.537 1.336 1.882E 05 .0149 0.628 1.912€ 05 0.295 0.239 0.3435
3.379 0.493 2.274 1.626 -0.624 1.337 2.044E 05 .0149 0.623 2.076E 05 0.292 0.235 0.3726
3.772 0.561 2.559 1,839 -0.719 1.347 2.146E 05 .0152 0.634 2.179E 05 0.297 0.243 0.3917
4.190 G.615 2.851 2.049 -0.802 1.353 2.258E 05 .O1l51 0.636 2.293E 05 0.299 0.243 0.4120
4.629 0.688 3.226 2.283 -0.943 1.337 2.394E 05 .0150 0.631 2.431E 05 0.296 0.254 0.4366
5.756 0.843 4,203 2.948 <-1.304 1.359 2.549€E 05 .0148 0.656 2.588E 05 0.308 0.279 0.4643
6.273 0.948 4.668 3.349 -1.368 1.366 2.657E 05 .0153 0.683 2.698E 05 0.321 0.267 0.4836
6.593 1.015 4.888 3.506 -1.382 1.293 2.784E 05 .C147 0.642 2.828E 05 0.301 0.241 0.5074
T.122 1.062 S.415 3.895 -1.569 1.386 2.805& 05 .0152 0.704 2.848E 05 0.330 0.269 0.5108
T.682 1.169 6.001 4.307 -1.743 1.399 2.901€ 05 .0156 0.724 2.946Et 05 0.340 0.276 0.5282
8.176 1.248 6.401 4.630 ~-1.869 1.430 2.954E 05 .0159 0.743 3.000E 05 0.349 0.282 0.5378
9.125 1.418 T1.562 5.417 ~2.146 1.460 3.046E 05 .0164 0.785 3.093tE 05 0.368 0.288 0.5547
9.988 1.617 8.573 6.214 -2.359 1.503 3.092€E 05 .0l73 0.835 3.140E 05 0.392 0.289 0.5625
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