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CRITICAL MASS FLUX THROUGH SHORT BORDA TYPE
INLETS OF VARIOUS CROSS SECTIONS

R. L. Hendricks
KASA Lewis Research Center
Cleveland, Ohio 44135

-

ana

H. B. Poolos*
Lake Ridye hcadeny
North Ridgevilie, Ohio

Yass flux measurenents associated with choked flows
through four Borda typz 1inlet geometries: circular, square,
triangular and rectangular (two-dimensional) and two sharp
edged geometries taken over a very wide range of inlet
stagnation conditions indicate:

(1) The mass flux is independent of the Lnlet
cross-section geometry

(2) The npass flux is lependent only on the inlet
stagnation conditions.

Also by using choked flow results found in the literature,
the reduced mass flux is independent of working fiuida

Two implications are drawn which remain tov be
verified: (1) since seal leak rates are weakly dependent on
geometry but pressure distribution is strongly dependeat orn
geometry, seal design 2fforts should be directed more toward
controlling the dynamizs, (2) highk-L/D ducts of arbitrary
cross section and Borda type inlets can possess free jets.

ISTRODUCTION

In the design of heat exchangers, seals, shaft dampers
and bearings one is often required to minipize losses which
requires optional geometric configurations. As such inlet
geometry both parallsel and normal to the flow field often
becomes a critical factor.

It has bheen shown that the mass flux through
two-dimensional and axisymmetric nozzles is iudependent of
geometry for tv¥o phase choked flow references 1 and 2. 1In
referaence 3 the orifice geometry was studied over a wide
range in £luid cornlitions and related to the nozzle. The
problem of predicting miss £lux for other fluids based on
theory ani data fosr a given fluid was resolved in references
4, 5, and 6. Sinc2 onz dimensional theory was used to
correlate data of references 1 to 6, it is reasonable to
assume that the critical mass flux is independent of
geometry and the above results apply without modification.

%* Curcent adaress: University School, Chagrin Falls, Ohkio.
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Recently Hendricks and Simoneau, reference 7, assessed
some effects of a configjuration parallel to the flov on mass
flux and pressur: distribution using a 53 L/D tube with a
Borda type inlet. It was found that the axial pressure
distribution is very sensitive to inlet stagnation
conditions. The mijor phenomana occurring in the tube are
illustrated on figure 1. A conventional gas choked flow
prassure profile sarves as reference. The renaining
profiles are for fluid nitrogen holding stagnation
conditions nearly constant while increasing the back
pressure. For a low back pressure at the exit, the pressuare
drops abruptly at the zntrance to o level near the fluid
saturation pressure and some f£luid vaporizes. Subsequently,
the £fluid recomprasses sliyhtly and then traverses the
entire length of the tube at nearly constant pressure,
actually showing a small pressure rise. Increases in back
pressure to nearly 0.4 Py have little effect on these
profiles or the flow rite. The flow is choked. As the back
pressure is increased a1 zone of secondary recompression
forms within the tube. Thkis is most clear for the profile
with the triangular symbols. This is most clear for the
profile with the trianjular symbels. This is analogous to a
moving shock up in a diffuser in single phase choked flow;
however, here the flow cross—-section is a constant area
tube. At back pressures near 0.5 P, the secondary
recompression zone movas to the inlet and finally uanchokes
the £low. The flow chokes at the tuba entrance rather than
the exit. Variation of stagnation conditions offer a more
complex picture and it appears that E£luid jetting cannot be
sustained for stajnation condiiions much beyond the
thermodynamic critical point. While the authors of
reference 7 presented no theoretical solution, an empirical
expression was givern to predict conditions unler which the
zone of secondary recompression will occur within the tuba
(or where jetting can take place)

Pp = c(L/D,e) '1‘17{ (1)

Althongh the axial pressure profiles are changed
significantly near this locus, there appears to be little,
if any, effect on mass flow rate.

This contrast in pressure profiles can present serious
design problems especially for parallel surfaces as found in
seals, bearings, and heat exchanger tubes of rectangular
cross-section with Boria type inlet configurations. As will
be shown such configurations can be subjected to very large
forces. However such profiles can be beneficial in other
designs such as ejectors, jet pumps, cutters and
refrigerators where jetting is desirable.

In this paper we will examine how the critical mass



flux dapends on inlet cross section geometry by conmparing
the results obtained with four different inlei cross
sections: circular, sjuare, rectangular, trianqular. &And
by combining data and theories of the literature, ¢xtend
these results to other geometries and fluids.

FLOW MODEL

Phile all inlet geometries are susceptible to
separation under some conditions, some geometries such as
sharp edged and Dorda are most susceptible to separation.

The type of separation phenouena encountered at the
inlet to the Borda configuration results from a
discontinuity in the slope of the bounding surface see fig.
2. As the streanline cannot conform to the bounding
surface, it separates and subsequent growth or decay of the
disturbance depends on the degree of discontinuity (see fig.
2) . Theoretically the Borda inlet causes a full reversal of
the streamline and as such represents the strongest
discontinuity for simple geomtries.

The geonmetry of the free streamline in potential flow
is found by integrating the real and imaginary components of
dz reference 9 (sec fig. 2).

1 dz
= % + iy = =— V. == 2
z2=x y v " dw (2)

The free streamline can be defined in terms of the
parameter 6, where 86 ranges from 0 to 1n:

Xy = %}-‘- - % {sinz(%) + log [cos (%)]} (3

:ﬁz=

Yo ° B {21 -~ 6 sind) (4)

ER L

While the above applies to the two-dimensional case
(£ig9. 2(a)), it can be shown that similar str=zamlines exist
for the axisymmetric case reference 9, however the problem
for a general cross section was not solved. Sugqgested ‘
streamlines for other jeomatric confiqurations are shown in
figure 3, where soap £ilms and associated sketches represent
potential interfaces anil by analogy separated interfaces.

From momentum considerations one can estiblish
A, /A, reference 8 and 9. The control surface consists of
t%e ﬁorda walls, the free jet surface, a normal
cross-section through the jet at "infinity" and an
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ninfinite™ spherical surfdce over the inlet (sce fig. 2).
The flow in the choked EFree jet vas found to equalize a
short distance from the inlet (ref. 9).

The available momentum of the jet per unit tine is
PopA 3. The available potential energy is P Uj where V

" im the jet volum2. The momentum of tRc jot is p%UJ;
its kinetic energy is 1/2ijl§. Here V4= U4h and It
follows that

Pohy = PAU] (5)
Pohgly = 7 pAzuj3 (6)

Eliminating Po gives
A2/A1 = 1/2 (7)

It is important to note here that for hoth the axisymmetric
and two dimensional cases Ap/A71 = 1/2.

Thus while the aryument is quite simple, where combined
with the above casz2s, it nakes an important point: the
contraction area ratio could be independent of cross-section
geometries such as circular, syuare, rectanqular angd
triangular, Thus it should follow that mass f£lux through
Borda inlets is inlepeniernt of cross section geometry, or to
a first order,

Aflow

A = Constant (8)
inlet

Borda
Inlet

Further, using references # to 6, critical mass flux
should be campletely characterized by inlet stagnation
conditions. These concepts will be established in the
subsequent sections.

APPARATUS AKRD INSTRUMENTATION

The general scheme of the apparatus follows that
described in reference 7. The bagic flow facility (see fig.
4) was of ths blow-down type where flow rates were netered
using a venturi flovmeter in the hottom of the storage tank.
Gas flow rates were metered using the orifice flowmeter in
the exhaust stack. Inlet stagnation conditions vere
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measured in a mixing chamber immediately upstream of the
test section. The installed test section with approach and
downstream pressure taps is shown as figure 5, with the
characteristic dimensions of each test geometry illustrated
as fiqure 6.

The four pasic Borda type inlet geometries: circular,
sguare, rectangular (2D) and triangular are pictured in
figure 7. Tvo associated jeometries the thick and thin
orifices are shown in figure 8.

The flow areas of each geometry are given in table I
they are approzimately equal. Yt was found that the
internal surface of tha rectangular inlet vas slightly
concave-convex, i.e., venturi like, by approximately 0.007
mm; as such it may give slightly larger flow rates than flat
parallel surfaces.

RESULTS

As a referencs for discussion, the isentropic reduced
mass flux for nozzles is given as fiqure 9, from reference
10:

Gp = G /6% (9)

R

For each of the four Borda Inlets data vere taken aleng
four stagnation temperature isotherms, nominally Tg,=0.68,
0.90, 1.01, 1.31. Gas data were also taken. These Lesults
are presented as figurazs 10 to 13. For the thick and thin
orifices, one isotherm Tp,=0.68 and gas data were taken.

Circular Inlet

fhe reduced mass flux data for the circular inlet

configuration as a function of reduced stagnation pressure
for the four selested isotherms and gas are shown on figure
10. The data are presented in table II. Points on the 0.90
isotherm appear to have more scatter than those on adjacent
isotherms which can be related to operational difficulties
in setting these conlditions. The two points at 0.5 reduced
pressure appear as saturation data, and may have saturated
conditions at the inlet.

Sguare Inlet

The reduced mass flux data for the sguare inlet Borda
configuration are given as figure 11. The data are given in
table ITIXI. Due to an overload on the flow differential
pressure transducers for two points, readings from static
transducers had to be used. The data lie on the curve, but
must be considered questionable.
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Triangular Inlet

The reduced mass flux data for the trianjular inlet
Borda geometry are given as figure 12. The data are given
as table IV. In general we did not seek saturated data
points, but the point on the Tp,= 0.9 locus at Ppy~ 0.6 is
quite close to saturation.

Rectangular Inlet

The reduced mass Elux data for the rectangular inlet
Borda geometry are givan as figquge 13 and the data presented
as table Vv, This geometry has an aspect ratio of 4 and can
be classified as nearly two dimensional. Again we have two
saturated points alory the Tp,= 0.9 isotherm. As noted in
the apparatus section, this geometry is shaped slightly like
a venturi.

Comnparison of Data

A direct comparison of data for the four Borda
geometries is difficult, However, using nominal isothecrms,
figures 10 to 13 ware overlayed to comnstruct figure 14. &
comparison of these curves reveals little difference in
reduced mass flux over a very large range of inlet
stagnation conditions. Figure T4 demonstrates that even for
the complex triangular inlet, the reduced mass flux is
independent of cross section geometry. But it should be
noted that the reztangular inlet shovws a4 possible 2 percent
increase in mass flux, see the TR0= 0.68 isotherm, figure
14,

Thick Orifice

The geometry of the thick orifice may be considered a
short tube, with L/D = 2, similar to the circular Borda
geometry except that the2 entrance is sharp edged, i.e., doas
not protrude into the flow.

The data for the Tgp.= 0.68 isotherm and gas for this
geometry is given as table VI and shown on figure 15, When
compared to the isentropic nozzle, the flow coefficient
would be 0.66, These results are about 5 percent above
those of the Borda inlets about 5 to 7 percent above those
of reference 3 and about 18 percent abave the 53 L/D-Borda
inlet of reference 7.

Thin Orifice

Shortening the orifice length to L/D = 2/3 reduced the
mass flux by about 5 parcent or nearly equivaleat to that of
the Borda inlets, see figure 15, and table YII, The results
are also in good agreepent with those of reference 3. The
gaseous data for, thin or thick orifice or Borda inlets are
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nearly all the sanme on this figure.

These data, of course, indicate a separation problem at
the inlet of the sharp 2dged configuration of proportlons
nearly equal to that of the Borda configuraticas. This
implication remains to be resolved.

Comparison to Theory

In reference 1 orifice data ware compared to analytical
preductions using a flow coefficient (no Eurther comparison
of orifice data need be made). Herein we use the same
approach and defing a coefficient which is the ratic of the
experimental to calcuiated mass flux:

GR
C, [P, s» T ) el T (1C)
0 ( R0 RO GRI

In reference 7, using an extensive data set for a 53
L/h 3Jorda tube, a Co locus was established. The data of
this paper are comparel to that locus established in fiqure
16. It should follow that all Borda inlets circular,
square, triangular, cectanjular, etc., will approximate the
dashed locus in a manner similat to the so0lid locus of
reference 7; however conditions where the stagpnation
tem:ﬂraturns are close to the thermodynamic critical point
remain unclear. '

Discussion

These Borda inlet data for critical mass flux indicate
that (see fig. 1(a)}):

(n Ao/ = constant, independent of inlet cross
section geome{ry for a given inlet stagnation condition

(2) 6 15 also independent of cross section geometries
of oqual arcas and completely characterized by inlet
stagnation conditions.

Also when combined with previous investigations references 4§
to € these results can be nxtended to any corresponding
states fluid.

The data also sugjest that parallel surfaces as found
in seals, dampers, bearings, and heat exchanygyer tubes of
rectangular cross section with Borda type inlet
configurations are subject to very large forces#*

{1) tubes of iasufficient strength can be readily
collapsed fully or partially when separation occurs; in such
cases severe flow blockage occurs and metal to metal contact

*This 1s true for 211 ja2ometries; howvever due to the high
aspect ratio of the rectanjle,deformations can be readily
detected.
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is inminent.

{2) separated flows are not steady, they oscillate;
such perturbations can be destructive over a period of time
and certainly can make the inlet "sing."

As an illustration of the magnitude of such forces one only
has to consult the data tables, compare the upstream and
downstream pressures and recall the model of figure 7. In
reference 7 it was shown that the ratio of PO/PB> 125.

Implications for Larger L/D Channels

The results of this experiment can be extended to yield
insight on tvo items of importance in larger channels.
Since flow rates are unaffected by cross section geonetry,
circular, square, triangular, rectangular and the data of
reference 7 are for a 53 L/D circular Borda tube, it is
implied that the data of reference 7 carn be extended to
large L/p ducts of arbitrary cross section with Borda type
inlets. PFirst they can prossess free jet effects as
reported in reference 7. Second, cecompression of the free
jet also has little effect on mass flux on the other hand,
the oressure profiles in lirger L/D ducts are of madjor
significance and are greatly dependent on the location of
the recompression zone. Thus the work in sedls and bearings
and heat etchangers should be directed more tovard control
of the dynzmics as the pressure profile is strongly
dependent on qgeometry, and the leak rates are veakly
dependent on geonpetry.
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SUMMARY

A comparison of data and/or the figures herein
demonstrates the original thesis that for these Borda inlet
geometries: circular, square, triangular, and rectangular
(2-dimensional),

{1) The mass flux i5 independent of inlet cross section

{2) The choked mass flux is dependent only on the inlet
stagnation conditions
Also by using the reduced mass flux and the principal of
corresponding states given in references 4 to 6, the reduced
mass f£lux is independent of the working fluid.

The importance of these items make it quite c¢lear that
mass flux values obtained for circular inlets apply to any
other type of siuple cross sections and implications are
that these results are quite universal for a variety of
fluids over a very large range im inlet conditions.
Furthermore there is some evidence that these same
constraints will apply to the sharp edged geomctries.

Combining the results herein with those 5f reference 7,
the implication in seals and heat exchanger designs are
clear; with mass flux (leak rates) weakly dependent and
pressure profiles highly dependent on inlet geometry, it
would appear that seal design efforts should concentrate on
those geometries most amenable to dynamic stability.
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area, cn
slot or channel width, cno
flov noefficient, eq. (10)
tubo diamster, cn

flow rate, g/cmé=s
reduced flow rate

flow normalizing paraneter,
* for nitrogen

tube length, cm

pressure MPa

reduced pressure, P/P,

gas constant, MPa-cn3,/g-K
temperature, K

reduced temperature, T/T,
velocity, co/sec 3
specific volume, cm- /g
velocity parameter
complex potential
distance, cn
dimensionless distance
distance,cn

dimensionless distance
compressibility, PV/RT
complex coordinate, ch
density, g/cm3

ubscripts:

criticai

isentropic
stagnation

jet :
reference conditions
hydraulic
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VPepelZe, 6010 g/cm?-s,



PAGE 11

REFERENCES

1. Simoneau, R. J. and Hendricks, 8. C., 'Tvo~-Phase Choked
Flow of Cryegenic Fluids in Converging-Diverging
Nozzles,t! proposed NASA Technical Publicatjon.

2. Simponheau, R. J., *Two~Phasce Choked Flow of Subcooled
Nitrogen through a Slit!, Proceedings of the Tenth
Southeastern Seminar on Thermal Sciences, (1974) also
NASA TN X-71536 (1974).

3. Simoneau, R. J., "Maximum Two Phase Plov Rates of
Subcooled Nitrogen through a Sharp-Edged Orifice,"
tdvances in Cryodgenic Engineering, Vol. 21, Timmerhaus,
K« D. and Weitzel, D. H., {eds.), Pleaum Press, HNew
York, (1975', pp. 299-306.

H. Hendricks, R. C., 'Hormalizing Parameters for the
Critical Flov Rate of Sinple Fluids through Nozzle',
Proc. Fifth Interpatiopal Cryugenpic Epgineering
Conference (1974), Paper J10, pp. 278-281.

5. ilendricks, R. C. apd Simoneau, R. J., 'Application of the
Principle of Corresponding States to Two-Phase Choked
Flow', Presented at the 74th National AIGHE Heeting,
{1973) also NASA TM X-68193 (1973).

6. Hendricks, R. L., Simoneau, R. J. and Barrowvs, R. P.,
*Two-Phase Choked Flow of Subeooled Oxygen and
Nitrogen', NASA TN D-8149 (1976).

7. Hendricks, R. C. anl Simoneau, R. J., 'Some Flow
Phenomena in a Constant Area Duct with a Borda Type
Inlet*, NASA TH-78943 (1978).

8., Birkhoff, G. and Zarahtonello, E. H., Je
Cavities Applied Mathematics and Mecha

— e i s . e . . — - o —— 0 S s - am s =

s Hakes apd

o

ts
nizs, Yol. II,

Press, New York (1965).

10. Simoneau, R. J. ani Hendricks, R. €., 'Ganeralized
Charts for Computation of Two-Phase Choked Flow of
Simple Cryogenic Liguids', Cryogepies, Vol. 17 (1977),
pPp- 73-76.




TABLE I. - SUMMARY OF KEY GEOMETRIC

FERTURES OF TEST SECTIONS

Inlot Type Flow | L/D G‘I\
H
croad pection area (g/eec)
geomatry (cm?)

Circular Borda 0.,18l0 | 2 1088
Square Borda .1789 | 2.25 1075
Rectangular Borda .1858 | 2.75 | 111
Triangular Borda L1966 | 2.45 1iea
Circular Sharp edge } ,1791{ 2 1076
Ciroular Sharp edge } L0000 | 2/3 1082




RUN

1951
1954
1955
1956
1957
1958
1959
1960
1261
1962
1963
1964
1965
1966
1967
1968
1969
1970

RUN

1851
1852
1853
1854
1855
1856
1857
1854
1859
18€0
1861
1862
1863
1964
1865
1866
1867
1868
1469
1670
16871
1872
1873
1874
1475

FLOW
G/S5EC
73,0
128,0
107,90
243, 0
242.0
1098.90
968.0
BuG,Q
687,0
522.0
966. 0
915.0
805.0
685.0
563.0
308.90
470.0
334.0

FLOW

G/SEC
800.6
935.7
6%68.8
30,1
u15.7
717.2
8868.5
568.5%
376.7
531.5
292.3
183.3
105.7
373.0
3731
17%. 2
97,1
66.6
63.8
4.7
178.7
Ay
285.56
287.8
286.5

TABLE 1I, -~ FLOW DATA FOR CIRCULAR BORDA INLET

TEHP PIN
K KPA
254,08 1,09
261.5 .05
266.8  4.47
272.5 5.99
276.4 T7.14
84.9 6.46
84.9 5,12
85.2 J3.95
85.4 2.7
g4.6 1.62
112,88 6.49
117.2  6.33
116.5 5,15
115.7 1,95
114.8 2.90
113.4 1.7
18u.4 6,07
143.8 4,83

POUT PBACK

MEA
0.19
0.32
Q.42
0.54
0.64
0.09
0,09
0.13
0.15
0,16
0,53
0.60
0.60
0.57
0.53
¢,37
0.66
0,52

HPA
0.22
G.33
0.04
0.57
0.67
C.40
0.32
0,29
0.26
0.24
0.76
0.75
0.67
0.58
0.50
0.32
0.63
0.3

RUH

197
1972
1973
1974
1975
1976
1997
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

FLOW
G/SEC
206.0
116.0
104.0
971.0
853,0
707.0
554.0
384.0
285.0
261.0
122.0
807.0
672.0
514.0
302.0
150.0
66,0

TARLE III. - FLOW DATA FOR SQUARE BORDA INLET

TEME PIn

K HPA
B5.6 7.1
865.2 4.75
85.2 2.95
84.6 1,84
84.6 1..8
117.1 7.48
116.5 5.5%
115,0 3.26
113.7 1.96
140.,5 5.69
133.2 4.12
123.6 2.89
117.8 1,90
177.6 5.73
179.1 5.74
166.3 3,58
157.1  2.07
15,1 1,50
IVILS 0 1.63
247,01 2,88
2b6,2 4.58
287.5 5.94
289.6 7.32
27,6 7.33
287.1 7.33

Eout
MEA
0.06
.09
0.12
0.13
0,15
0.62
0.61
0.54
0.4y
0,55
0.139
0.33
0,22
0,58
0.59
0,39
0,26
.21
0.22
0.31
0.46
3,58
0.72
2.78
3, 22

PBRCK

HEA
0.45
0.33
0.29
0.25
0.23
0,81
¢.70
¢.52
0.40
0.61
0. 40
0.4
0.25
¢.54
0.55
0.38
.26
0.22
0.21
0.30
0.u43
n, a5
0,66
3.0y
3.47

RUN

1876
1877
1878
1879
1880C
1801
1882
1843
10484
1885
1886
1887
1848
1889
1890
1841
1892
1693
1894
1895
1896
1897
1898
1899

¢

FLOW
G/SEC
286,7
2B8.2
287.8
1124.¢
98%.8
g4y, 2
718.2
548.5
480.4
86,1
713.2
554.7
d26.4
803.2
6u7.0
493,2
259.0
Y8.5
840.6
719.4
4a7.4
261.8
134.1
54,8
0.0

TENP
K
286.7
286.5
286,14
84.4
4.6
4.7
au, s

PIN
HEA
J. 21
1.80
1.75
6.59
5,15
.93
2,79
1.74
3,28
3.J%
t.86
6.67
5,52
4,42
3,35
2,26
1.1

PIN

HPA

7.33
7,33
7.33
6.53
5.29
3.94
2.99
1.76
6.58
5.45
4.12
2.94
1.%2
6.70
5.54
4.50
3.39
1.69
6.99
7.38
5.90
4.10
2.34
2.9
0,10

Fout

HPA
0.35
6.23
0,21
0.5h
0.54
0.54
G.52
0.44
0.43
c.43
0.23
0.0
0.74
0.61
Q.44
Q.27
6.15

POUT

MPA
1.89
1.07
0.72
C.06
0.6G7
Q.09
G.09
0.09
0,55
0.54
0.54
0.52
0.38
.75
0,67
G.56
.41
0.22
G.79
0.69
0.53
0.42
G.28
0.31
0,10

PEACK
HDA
0,35
0,25
0.24
0.76
0,66
0.57
0.49
0.37
0.39
0.40
0.25
0.85
0.08
0.55
0.40
0.27
0,19

PBACK
HEA
2.21
1.24
0.66
0.37
0,29
0.26
0.25
0.23
0,74
.64
0.56
0.u47
c.32
0.76
0.65
0.53
0,37
¢.21
0.88
0.77
¢.60
0.42
0.26
0.29
0.10



RUN

1960
1901
1902
1903
1904
1905
1906
1507
1908
1909
1910
1811

RUN

1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1435
1936
1937
1938

PLOW
G/8EC
82,0
134,90
197,0
29,0
oy .0
1162.0
1053.,0
916, 0
ma.u
S564.0
1092.0
987.0

FLOW
G/SEC
90,7
135.3
194.7
242.1
296.6
1197.8
1118. 0
864,0
871.0
725.0
557.0
976.0
Bud.0
726.0
256.0

TABLE IV. = PLOW DATA FOR TRIANGULAR BORDA INLET

TE®P
K
262,4
269.0
274,40
278.2
283.0
84 .6
Eu'ﬁ
BY.6
84.8
84.1
114.6
114.7

TABLE V. - FLOW

TEHKE

256.0
263.1
268.6
275.3
280.3
85.1
85.3
B5.6
85.7
86.0
85.2
114.6
113.8
113.5
113.8

BIN

HPA

1.84
3,00
4.48
5.1
7.0u4
5.98
H.96
3.79
2.60
1.53
7.22
6,14

PIN

NPA

2.04
3.13
h.61
5.82
7.16
6.99
6.2
4.93
.80
2,68
1.64
6.40
5.00
1,85
1.76

rouT

HEA
0.25
0.37
0.51
0.66
0.61
0.C7
0.07
0.09
0.13
¢.15
0.57
0.58

PBACK

HPA
0.21
0.31%
0. 04
.55
¢.68
0.42
0.29
¢.25
G.23
0.20
0.80
.74

PATA FOR RECTANGULAR BCRDA INLET

POUT PBACK

KEA
0.20
0.27
0.37
0,46
0.5¢8
0.14
0,13
0.14
0.4
0.16
0.16
c.64
G.E1
0.5%9
0.30

HEA
0.25
0.34
0.46
0.57
0.68
0.43
0.35
0.29
0.28
0.26
0.23
0.78
0.66
c.58
0.28

RUN

1912
1913
1914
1915
1916
1917
1918
191%
1920
1921
1922
1923

RUN

1939
1940
1941
1942
1943
1944
1545
1946
1947
1948
1949
1950
1651
1952

FLOW
G/SEC
795.0
623.0
351,0
885,90
594 .0
514 .0
327.0
667.0
499.0
301.0
131.0
87.0

PLOW
G/SEC
575.0
863.0
668.0
356.0
187.0
983.0
862.0
414.0
256.0
276.0
610.0
480.0
316.0
128.0

TENP
[
114.0
113.6
115. 1
127.4
127.2
127.5
126.8
42,7
141.9
142.6
129.0
44,2

TENP
K
14,3
128.6
128,90
127.8
126.8
14,3
113.6
114, 3
113.7
114, 2
142.9
183.1
3.4
143, 2

PIN

HEA

4.31
3.02
1.99
6.78
4.70
4.33
J.42
T.16
5.83
H.14
1.88
1.37

PIN

HPA

2,95
6.72
5.66
3.73
2.63
6.42
5.13
2.04
1,75
1.82
T7.01
5.99
4.53
2.G9

POUT

HPL
0.58
0.55
Q.47
1.09
a,77
0.69
0.49%
0.96
0.79
¢.53
0.27
0.21

FouT

HPA
0.62
0.84
0.73
0.45
0.25
0.63
0.52
G.u7
0.39
0.33
0.71
0.58
6.39
0.22

POACK
HPA
0.61
0.49
0.36
0.93
0.62
0.55
¢.40
0.80
0.64
0.44
0.22
0.17

PBACK
HPA
0,56
0.82
.71
0.4y
0.32
0.77
0.67
G.39
0.29
0.0
0.76
0.64
0,47
0.26



TABLE VI. - THICK ORIFICE
CHOKED FLOW DATA

Liquid data

Run w TIN PIN

1258 | 1185. | 85.4 | 7.13
1259 | 985.| 85.3( 5.03
1260 | 740.| 85.3| 2.92
1261 | 575.| 84.3| 1.80
1262 | 1116. | B4.7 | 6.28
1263 | 874. | 84.4| 3,91
1264 | 655.| 83.7| 2.28
1265 | 511.| 83.5] 1.46

Thick orifice

Gas data

1323 82,1 273.2| 2.05
1329 | 124.| 274.9] 3.07
1330 | 181.| 274.8| 4.45| »Thick orifice
1331 | 234.| 275.1)] 5.72
1332 | 292.| 275.7| 7.10

TABLE VII. - THIN ORIFICE
CHOKED FLOW DATA

Liquid data

Run w TIN pIN

1283 : 1148, | 84.9)] 7.37
1284 , 957.| 84.6]5.21
1286 | 536.| 83.7]1.75
1287 | 1049. B4.3 | 6,19 Thin orifice
12868 | 835.| B84.0/ 3.98
1289 | 621.| 83.4)]2.28
1290 | 462.| 83.3|1.34

Gas data

1312 82.| 245.7 | 2.04
1314 124. | 256.0 | 3.10
1315 | 179.| 260.8 | 4.51 | »Thin orifice
1316 | 235.| 263.6 | 5.92
1317 | 290. | 265.9 | 7.34
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Figure 1. - Typical pressure profiles - axial position 53 UD straight
tube with Borda inlet, From reference 7.
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Figure 2. - Schematic for theoretical streamlines

for a Borda inlet,
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Figure 4 - Schematic diagram of high-pressure liquid-flow apparatus,
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Fiqure 8, = Thick and thin orifice
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Figure 11. - Reduced mass flux vs reduced pressure for selected
isotherms - square inlet Borda,
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Figure 12. - Reduced mass flux vs reduced pressure for selected
isotherms - triangular inlet Borda,
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Figure 13, - Reduced mass flux vs reduced pressure for selected
Isotherms - rectanqu lar inlet Borda.
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Figure 14. - A composite plot of reduced mass flux vs reduced pres-
sure at selected isotherms for four Borda inlet geometries.
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Figure 15. - Reduced mass flux vs reduced pressure for thick and
thin orifices,
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Figure 16, - Reduced fiow rate ratio vs reduced tem-
perature for fluid nitrogen,
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