Research and Development Progress Report No. 344 . April 1968

Tests to Prove Performance of High
Temperature Water Jet Compressor

By Paul L. Geiringer and Lloyd T. Taylor, American Hydrotherm
Corporation, New York, New York, for Office of Saline Water;
J. A. Hunter, Director, and Everett N. Sieder, Chief, Distillation
Division.

Contract 14-01-0001-948

UNITED STATES DEPARTMENT OF THE INTERIOR e Stewart L. Udall, Secretary
Max N. Edwards, Assistant Secretary for Water Pollution Control

For sale by the Superintendent of Documents, U.S, Government Printing Office
Washington, D.C, 20402 . Price 45 cents




Created in 1849, the Department of the Interior—America’s
Department of Natural Resources—is concerned with the manage-
ment, conservation, and development of the Nation’s water, wildlife,
mineral, forest, and park recreational resources. It also has major

responsibilities for Indian and Territorial affairs.

As the Nation’s principal conservation agency, the Department
of the Interior works to assure that nonrenewable resources are
developed and used wisely, that park and recreational resources
are conserved for the future, and that renewable resources make
their full contribution to the progress, prosperity, and security of
the United States—now and in the future,

e — N —

S — L —

FOREWORD

This is one of o continuing series of reports designed to present
accounts of progress in saline water conversion and the economics of
its application. Such data are expected to contribute to the long-range
development of economical processes applicable to low-cost demineraliza-

tion of sea and other saline water,

Except for minor editing, the data herein are as contained in a report
submitted by the contractor. The data and conclusions given in the report
are essentially those of the contractor and are not necessarily endorsed by

the Department of the Interior.
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ABSTRACT

American Hydrotherm Corporation offered to warrant,
design and build a high temperature water jet compressor
to produce not more than 1.3 lbs of compressed steam for
each pound of suction steam using saturated water at
1010 psia as a driving medium when compressing steam from
20.5 to 25 psia. On request of OSW, tests were conducted
to confirm that this performance could be achieved.

Test results reported here show the actual perform-
ance was considerably better than the above. The tests
proved that using 1010 psia saturated high temperature
water, one lb of saturated steam can be compressed from
20.77 psia to 25.46 psia, while using 0.757 1lbs of high
temperature water and producing only 1.26 1lbs of 25.46
psia steam at the discharge, or 0.26 1lbs of '"excess"
steam. The capacity of the test jet was 50,000 lbs/hr
of suction steam.

It is expected that a further reduction in the
amount of driving fluid, HTIW, 10 to 20%, can be expected
thru a continuation of the test work.




I. INTRODUCTION

The vapor compression distillation process for
desalination has a relatively low energy requirement.
However, in the conventional vapor compression process,
energy is required as expensive "high grade" shaft work.
Also, the process involves complex mechanical equipment
which increases investment and operating costs.

Based on available data and designs, American
Hydrotherm Corporation suggested that a HIW jet com-
pressor be used for desalination to reduce these costs.
It was proposed that a HIW jet compressor be installed
at the Freeport, Texas plant or at one of the other OSW
demonstration plants. Performance data for such a com-
pressor were submitted to the Office of Saline Water.
Since the jet had to be installed on these large plants
and considerable other investments had to be considered,
OSW desired that the performance offered by American
Hydrotherm should be proven by actual test on a large
model. This was the purpose of the test work reported
here.

The test model was designed for compressing vapor
from 20.5 to 25.0 psia. For this pressure range the
performance anticipated was 1.30 lbs of discharge steam
for each pound of suction steam. However, since the
results of the test jet could be scattered, and since
the time allowed for completion of the test was very
short, a 15% higher performance of discharge steam was
guaranteed.

The test ejector was designed and built in the U.S.A.
and tests were conducted in France on an existing tfst
stand available to American Hydrotherm Corporation.” The
nominal capacity of the test stand was 50,000 lbs per hour
of suction steam.

1. Tests were conducted at the S.N.E.C.M.A. (Societe
Nationale D'Etude et de Construction de Moteurs D'Aviation)
research and development center, Villaroche, France.




ITI. SUMMARY OF TEST RESULTS

Test data show that the performance of the HIW jet
compressor was considerably better than the contract
requirements. Test performance is compared with the
minimum required performance in the following tabulation.

PREDICTED TEST

PERFORMANCE RESULTS
Suction Pressure psia 20.5 20.77
Discharge Pressure psia 25.0 25.46
Wt. excess discharge steam 0.30 - .50 0.265

Wt.suction steam

Iwo high temperature water nozzles with discharge
diameters of 61.8 and 76.6 mm, respectively, were tested.
The best performance was attained with the smaller dis-
charge nozzle.

More complete performance data for the point of best
performance is given in Section IV.

I11. DESCRIPTION OF TEST EQUIPMENT
AND PROCEDURE

A. TEST APPARATUS ARRANGEMENT

The arrangement of the test equipment is shown in
Figure 1. Water is electrically heated and stored in
the HTW accumulator. At the start of the test, a hy-
draulic needle valve at the HIW nozzle is opened to a
predetermined position. 1In passing through the driving
nozzle the high temperature water (5439F, 1010 psia)
flashes with a corresponding decrease in enthalpy and
an increase in velocity. The suction vapor entering
the mixing section is also accelerated by expansion
through the converging annular area. The high velocity
water-vapor mixture leaving the nozzle mixes with the
suction vapor. In the mixing chamber the vapor velocity
is further increased by momentum exchange with the high
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velocity water in the converging section of the jet.
In the diffusor section (diverging section), the velo-
city is decreased and the decrease in kinetic energy
causes an increase in the pressure and enthalpy of the
vapor .

Since a portion of the high temperature water
flashes to vapor, the quantity of compressed steam
leaving the diffusor is greater than the gquantity of
suction vapor entering. The additional vapor is called
"excess'" steam.

The mixture of compressed vapor and water is sep-
arated by a change of direction in the twin separators.
The excess steam is then vented from the system through
pressure control valves. The remaining vapor is recycled
through a pressure reducing station to the compressor
inlet. The recycled vapor contains some entrained water
which tends to desuperheat the suction steam at the
pressure reducing valve. For application in a desalting
process the excess steam would be used as the heating
medium for a conventional multiple effect or multi stage-
flash evaporator.

Photographs of the test stand are shown in Figures
3,4,5, and 6. Figures 3 and 4 show the diffusor section,
separators and other equipment located outside the test
stand building. The remaining parts of the test stand
are located inside the building.

B. DESCRIPTION INSTRUMENTS AND CONTROLS

1. Suction and Discharge Pressure Control

The suction pressure of the ejector can be adjusted
by means of a pneumatically operated remote control
butterfly valve. To reduce the pressure variation
produced by this valve, the damper has been perforated
by 18 drillings of l-inch diameter and twenty drillings
of 5/8-inch diameter. To improve and streamline the in-
let flow, two simple turning vanes are installed in the
90° ell at the compressor suction. Unfortunately, the
important inner turning vane was not installed so that
the flow into the ejector was more turbulent than desired.




The discharge pressure is controlled by regulating
the excess steam discharge to the atmosphere. This is
done by an automatic pressure controller which operates
a 5" ball valve. Also, a 5" hand valve is provided to
assure that the automatic valve can operate in the de-
sired flow range.

2. Flow and Pressure Measurements

All pressure measurements are shown schematically
in Figures 1 and 2. Pressures were registered by mex-
cury manometers. The manometers were arranged to pro-
vide an equal head of water on each side of the mano-
meter at zero differential pressure. In some cases,
calibrated pressure gages were used to check the mano-
meter readings. All pressure indicators, along with a
clock, were mounted on a single panel. Data could be
recorded manually or by a camera mounted in front of
the board.

Two flow rates are actually determined during the
test. These are the suction vapor flow, Gp, and the HIW
flow from the accumulator, Gj. Other flows, the excess
exhaust steam, Gg, and the water return flow from the
separator, are determined by calculating an energy and
material balance based on the two measured flow rates
and the conditions leaving and entering the jet. For
the design suction and discharge pressure the material
and enexrqgy balance relations are shown graphically in
Figure 7.

The suction vapor flow was measured by an orifice
meter. The pressure drop across the orifice was
measured by a Meriam Flow Meter and also by U-tube
manometers, as shown in Figure 2,

The HIW flow was measured by determining the level
change in the accumulator in a measured time period
and by calibrating the needle valve. The amount of
water in the accumulator before and after the tests
was determined by means of a differential pressure gage
Mg of Figure2. The test duration time was measured
simultaneously. The opening of the needle valve to
a predetermined position is obtained by means of a




hydraulically operated, quick opening device. The HIW
flow rate, is computed as follows:

G = outflowing w§ter quantity
test time

The value reported for G is a mean value since the
accumulator content, as well as the accumulator pressure,

is reduced without introducing any energy. Therefore,
Gy, is related to the mean HIW pressure. Typical test
data are shown in the following tabulation.

TYPICAL TEST DATA FOR HTW FLOW AND PRESSURE

Pressure in HTW Accumulator

At Start At End Mean Draw-off from

Value HTW Quantity

kg/cm® 92 80 86 512 kg
psia 1310 1138 1223 1,130 1bs
kg/cm® 77 65 71 408 kg
psia 1095 924 1010 900 1bs

Figure 8 shows data for the needle valve calibration.
Tests were made using each of the two HIW nozzles with
HIW pressures of 1010 psia and 1223 psia. The data show
that the difference in shape of the two nozzles has no
effect on the flow through the nozzle. Figure 8 also
shows the static pressure at a point 3.5 mm from the
discharge end of the nozzle,

It is interesting to note that the nozzle efficiency
can be calculated from the data of Figure 8, assuming
that one direction flow and uniform velocity of the




liquid and vapor exist. However, calculations based on
these assumptions show over 100% efficiency which indi-
cates that the assumptions are not valid. The velocity
profile across the nozzle is unknown and it is doubtful
that the water drops are moving with the same velocity
as the steam.

C. TEST JET DIMENSIONS

The important dimensions of the test ejector are
shown on the outline sketch in Figure 9.

The shape of the HIW driving nozzle is shown in
Figure 10. The nozzle can be combined with two end
pieces with discharge diameters of 61.8 and 76.2 mm
respectively.

Near the end of each driving nozzle, a pressure tap

was installed to determine the static discharge pressure
at various flow rates.

D. METHOD OF OPERATION

Prior to each test, the whole ejector system is
purged and preheated with steam. In this way, since
the equipment is well insulated, the temperature of
the metal is raised to approximately the operating
temperature. This eliminates high thermal stress in
the equipment and reduces condensation of vapor during
the test.

Since continuous operating time is short, the HTW
flow, suction and discharge pressure are held constant
in each run. During the first part of the test, there
is a short time to make final adjustments to obtain
desired conditions. Observations and photographs of the
indicating instruments and clock show when steady state
conditions are achieved.




IV. TEST RESULTS

A. GENERAL

Numerous tests, over 160, were conducted to deter-
mine

(1) the characteristics of the particular config-
uration at the design point (20.5 psia suction pressure),
and

(2) the combination of flow rates for each config-
uration at which the best performance occurred.

Tests were conducted wusing both driving nozzle
diameters, 61.8 mm and 76.2 mm respectively. Early
test showed that the smaller driving nozzle produced
the best results in the desired pressure range.

In applying the HTIW jet in a vapor compression de-~
salination process, it is desirable to obtain the high-
est rise 1in saturated temperature in the suction vapor
while using the least amount of driving water or produc-
ing the least amount of excess steam. That is, the ratio
shown below would have a minimum value:

G3/Gy
(1) performance ratio =
to-11
Where:
G is the excess steam weight at the
3 discharge pressure
Gz is the suction steam weight
to-t] is the difference in suction and

discharge temperature of the vapor

The above ratio is used here as a convenient factor for
evaluating and comparing performance of the test jet
under various conditions. For the narrow range of
pressures discussed here the performance ratio is ap-
proximately inversely propoxrtional to the over-all
efficiency.

e 2




The test data for the flow and pressure conditions
where maximum performance occurred are tabulated in
Figure 11. The point of best performance for the smaller
driving nozzle, 61.8 mm diameter, was at a higher suction
pressure than the best performance point for the larger
driving nozzle.

B. TEST DATA FOR THE 61.8 mm DRIVING NOZZLE

Tests were conducted in groups in the following way.
In each group of tests, the HIW flow rate was set at one
desired value for all tests in the group. This was done
by opening the calibrated valve at the driving nozzle to
a measured value, "dimension a". Then for each increment
of HIW flow rate, a group of tests was conducted at var-
ious suction flow rates and suction pressures. The dis-
charge pressure in each group of tests was held approx-
imately constant.

The data for the tests on the 61.8 mm nozzle are
shown graphically in Figures 12, 13, 14 and 15. For HIW
flow rates 8.42, 9.5, 10.44 and 10.8 1lbs/sec respectively.
As a convenience for spreading the data, the various
values are plotted against the opening of the valve in the
vapor recycle line. Both measured and calculated flows
are shown for each test run.

In Figure 16, the performance ratio, excess steanm
divided by temperature rise, is plotted for all the groups
of tests on the 61.8 mm nozzle. These curves show that
the lowest value of the "performance ratio", highest effi-
ciency, occurs in the test group made at the highest HIW
flow rate, 10.8 lbs/second. Data from this test group are
shown in Figure 15. In test runs 120 through 123, the
ratio of G3/Gz to (tz-t1) is about 0.0238. Similar values
occurred in the tests at a HIW flow of 10.44 1lbs/second
shown in Figure 14.

Tests at higher HIW flow rates were not possible be-
cause the volume of the HTIW accumulator did not allow a
test duration required for reaching steady state flows
through the jet. Tests at higher and lower discharge
pressures would alsoc be desirable to completely determine
the most efficient operating conditions.




Wall pressure along the axis of the jet was
measured in several tests. A typical example of
the resulting pressure profile is shown in Figure
17. The data are from Test 104. Using the pressure
profile and assuming flow in one direction parallel
to the jet axis and that the liquid and vapor velo-
city are equal, the efficiency of the diffusor could
be calculated. However, based on the data and these
assumptions, the diffusor is almost 100% efficient,
which is unrealistic. This and other factors do,
however, suggest that the greatest losses are in the
mixing section.

C. TEST DATA FOR THE 76.2 mm DRIVING NOZZLE

Tests on the larger driving nozzle were conducted
in groups with constant HIW flow as was done with the
smaller nozzle. Also, two discharge pressures were
explored.

Tests on the 76.2 mm nozzle produced a poor per-
formance ratio when operating at approximately the de-
sign discharge pressure. However, in the lower pressure
range, the performance approached that of the smaller
nozzle.

The data on the large nozzle are summarized for the
"high" and "low" pressure test in Figures 18 and 19 re-
spectively.

In the tests with lower discharge pressure, the best
performance ratio was 0.0241. This was reached at an
intermediate HIW flow rate of 7.7 lbs/sec. However, in
tests at the higher design discharge pressure the per-
formance was poor and the performance ratio was up to
0.0272. 7This occured at the highest HIW flow rate pos-
sible. The curves in Figure 18 show that a better per-
formance ratio may probably be reached if higher HTIW
flow rates were tested. This was not practical in the
existing test stand because of the limited hot water
accumulator volume.




V. ANALYSIS OF DATA

The test results show the performance of a HTIW
jet of a given geometric configuration when operating
at various conditions of HTW flow, suction pressure
and discharge pressure. The data also show the flow
conditions at which the best performance occurs for
this particular jet. It is desirable to reduce these
data to a general measure of efficiency which would
be useful in predicting performance of HIW jets de-
signed for new conditions, in evaluating competitive
jets, and in applying the jet to various processes.
Also, for development purposes, it is also desirable
to know the efficiency or effectiveness of each com-
ponent of the test jet in order to establish priori-
ties for design improvements.

Several definitions of efficiency are applicable
and useful. These are discussed and defined in the
following paragraphs.

The jet compression process is shown in Figure 20
on an exaggerated enthalpy-entropy diagram. The isen-
tropic processes are shown by means of solid lines and
real processes by dotted lines. The line "AC", connect-
ing the initial states of the two inlet streams, repre-
sents the theoretical reversible mixing line. If a re-
versible process takes place, the mixture would be de-
fined by a point somewhere on this line. The exact
location would depend on relative quantities and condi-
tions of the two entering streams. The horizontal line
at heoy is the stagnation enthalpy resulting from the
mixing of two steams. The final enthalpy of the mix-
ture at rest, no matter what the mixing process, will
be at this value. The value heoy depends only on the
respective quantities and initial stagnation enthalpy
of the driving and driven streams, heo; and h°2 respec-
tively, as expressed by the equation below.

(2) he., = Gihep + Gohey
Gl + Gz

-10-




For a reversible process the entropy of the mixture
leaving the jet would be defined by the point where line
"A-C" intersects the constant enthalpy line, he . This
point would also define the final discharge pressure, Pg,
for a reversible process. The entropy of the final dis-
charge mixture for the reversible process may also be
computed from the equation below.

(3) s = A% * Gps)
Gl + G2

= initial entropy of the driving fluid
s5 = initial entropy of the driven fluid

In the process, the driving liquid and the driven
vapor are accelerated by expanding through nozzles from
the respective initial pressures to the mixing pressure.
Lines "AB" and "CD" represent the respective reversible
expansion processes for the HIW and suction vapor. The
two high velocity streams then mix in the converging
mixing section. If the two streams are expanded isen-
tropically to the same velocity before mixing, the re-
sulting entropy will be at sg and the kinetic energy of
the mixture will be equal to (Abh reversible). Isentrop-
ic compression along sg will increase the pressure to Pg
at the constant enthalpy line h°y.

In the case with no friction losses, but where the
velocities of the two streams at mixing are different
and momentum exchange occurs, there is a loss in avail-
able energy and the entropy of the mixture will increase,
by an amount equal to Aspy, to s;. The mixture at the
mixing pressure and at s, would have a kinetic energy
equal to ( Ah frictionless). Isentropic compression
along s4 would increase the pressure to Pgq. In this
process, frictionless but with momentum exchange, the
available energy of the two streams has been degraded
by an amount:

(4) Abhp = (Ah reversible) - (Ah frictionless) = Tp(Asy)

where: T, = absolute temperature at mixing
pressure.

-11-




For the frictionless process, the value, A hy,
may be computed from the following equation.

2
(5) Ahm=Tmﬁsm = Gle(Wl-Wz) 1
2 K2
(Gl+62)

where: Gj mass flow of HTW

Gp = " w v Suction Vapor

W1 = velocity of HTW at nozzle exit

Wo = velocity of suction vapor at nozzle
exit

K = constant depending on units used

The velocity may be expressed in terms of the isen-
tropic enthalpy changes, Ah; andAhg, in the respec-
tive expansion nozzles.

(6) Wy
(7) Wo

13

K (chp)%
1
K (abp)2

il

In terms of enthalpy changes the equation for A hy
becomes:

Gi1G
( 1* 2)

The energy degradation, Ahy, would diminish toward
zero as the velocity of the two streams approach
equality. This could be done by lowering the mixing
pressure or by using a larger quantity of water at a
lower initial enthalpy. However, both actions in-
crease friction losses so that a balance is required
to obtain maximum performance.

In the actual process with friction, the two
entering streams expand by a polytropic path to the
mixing pressure with unequal velocities. In this
case the entropy of the mixture is further increased
by Asgy, to a value between sy and sj. Polytropic
compression to the actual discharge pressure, P3,
occurs with an additional entropy increase, Asgp.
Thus friction and turbulence in the two nozzles,
mixing chamber and diffuser result in an additional
degradation of the available energy as shown by Asg,
(asg=Asgr*ases) -

-12-




For the real process, the total loss of available
energy results from irreversible mixing and friction.
This may be estimated by modifying equation (8) to in-
clude the efficiencies of the driving nozzle, suction
nozzle, and diffusor,'ls , 7. and 74 respectively.

(7 , 7, and 7, are defined later in this section.)

(9) Abhy +Ahg = (Ah reversible) - (Ah actual) =

1 2
- % %57
= G Ahy+GAhy 7 [C1() Ab1)2 +Gy (A DS) J
G, + G, 3{_ G, + G,
The above equation assumes that complete mixing and
momentum exchange takes place in expanding to the mix-
ing pressure.

From the above, it is seen that a degradation of
input available energy or an increase in entropy occurs
from two sources; first, Asym or Ahp 1s a theoretical
loss resulting from the process path, that is irrevers-
ible mixing with unequal velocities; second, Asf re-
sulting from friction and turbulence in the nozzles,
mixing chamber and diffusor.

From the above processes, several efficiencies or
reversibility coefficients should be considered. These
are defined below. The b-s diagram in Figure 20 also
shows calculated values of the various changes in avail-
able energy based on the data of test 104. The test
data (see Figures 14 and 17) are fairly typical of the
high performance tests. Based on these data, calcula-
tions are shown below for each efficiency that is defined.

Process Reversibility - expresses the reversibility
limitation resulting from the process path, that is
irreversibly mixing two streams travelling at unequal
velocities.

Ry = A h frictionless = 31.86 = 85%
A h reversible 37.49

For the suction, discharge and pressure conditions of
test 104, even a process without friction and turbulence
losses, the process would be no better than 85% of a
reversible process.
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Equipment Reversibility - expresses the reversibility
limitation resulting from friction and kinetic energy
losses, in the nozzles, mixing chamber and diffusor.

R, = Ah actual = 19.87 = 62.38%
Ah frictionless 31.86

Total Path Reversibility - expresses the reversibility
limitation resulting from both irreversible mixing and
friction losses:

R3 = R] x Rz =Ah actual = 19.87 = 53.0%
Ah reversible 37.49

The above efficiencies are concerned with the effect-
iveness of the process path and with how well the
equipment performs in following the process path. An
additional efficiency is needed to evaluate the end
result since only a part of the work shown by any of
the three paths is devoted to compressing the vapor
from the suction to the discharge pressure. The useful
work actually done by any of the three paths, is only
that portion in compressing from the suction to the
discharge pressure. This work is shown by the avail-
able energy changes, oxrAh, above the suction pressure,
that is (Ah¥ actual) for the actual process, and
(Ah*,.oy) for the reversible process. From this view-
peint the overall efficiency may be defined as:

gl = Ah* actual =1 - As total
Ah* reversible As maximum
el =  11.5 = 40.0%
29.5

This efficiency expresses the ratio of the actual
available energy of the discharge mixture to the re-
versible available energy, in reference to the suction
temperature. In the above "As maximum" is the maximum
entropy increase that would be possible in the process

if no useful compression work were done, that is, if

the discharge pressure were equal to the suction pressure.

-14-




The overall efficiency in more common use is based
on the change in available energy of the two entering
streams taken in reference to the discharge temperature
and pressure. For the actual process in Figure 20, the
Galuel&h*z represents the increase in available energy
of the suction vapor or the minimum compression work

done per 1b. of suction vapor. Likewise, lineA h*,
represents the change in available energy of HIW driving

liquid, or the work input per 1lb. of HIW in expanding
down to the discharge pressure. From this the overall
efficiency, E, is defined as follows:

E = Gplh¥*o = Work done on process fluid
GiAh* Work input in driving fluid
E = (1) (14.53) BTU = 31.5%

(0.756) (61.23)BTU

From the above it may be seen that while the
equipment is 63% efficient in following the process
path, it is 31.5% efficient in accomplishing the de-
sired work. This results from the fact that the
equipment must work over a much longer path (greater
changes in available energy) than is theoretically
necessary just to do the desired compression. This
longer path is unavoidable since the driving fluid
must be expanded to some pressure below the suction
pressure to achieve mixing.

Three individual component efficiencies should
also be considered. These are shown below:

1. The efficiency,?); , of the HIW expansion
through the driving nozzle from P; to the mixing
pressure; based on enthalpy change of the HIW in
expanding to the mixing pressure, Pp;

71, = actual enthalpy change
isentropic enthalpy change

2. The efficiency,nz_, of the suction nozzle
in allowing expansion of the suction vapor to the
mixing pressure:

nz‘z actual enthalpy change in vapor
isentropic enthalpy change in vapor

=15-




3. The efficiency,ﬁB, of the diffusor in con-
verting kinetic energy to obtain a pressure increase
from Pp.

by — actual enthalpy change
3 isentropic enthalpy change

As expressed earlier, the individual component
efficiencies cannot be computed from the existing
data because the (1) velocity of the liquid and vapor
are not equal, (2) the flow is not all in one direc-~
tion, and (3) the velocity profiles over the various
cross section are not known. We do know from the
previous analysis that the combined effect of the
component efficiencies is equal to Rz, (62.38%).

While it is not possible to divide these effi-
ciencies, the rather high computed efficiencies of
the diffusor and driving nozzle and other previous
work suggest that the greatest losses occur in the
mixing process.

VI. GSUMMARY

The test data has shown that the actual per-
formance of the test jet was higher than was anti-
cipated. Still, it is expected that further im-
provements, (15 to 20% increase in the reversibil-
ity, R3), would result from additional tests. This
would be possible from improvement in the individual
component efficiencies and adjustments in the pro-
cess path.
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Figure 3

DISCHARGE END OF TEST JET
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Figure 5
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Suction Piping & HTW Nozzle &

HTW Pipe to
Nozzle Chamber Needle Valve.l

Nozzle {(White)

SUCTION END OF JET READY FOR TEST
FIGURE 6

Td

0 923In




T Toa L
\.n..\ha° ‘\Q\Nln-h.\w \N\“Wa\m\tnn . In: e

AP0 DU I NI SR N R T
TR SIEE I A ! S IR DT

: RN

|
J

i

¥

a1

{

1

}

2

]
1

i

1
73

B

-
g5 R4 | .
BELSIA_ .
| ‘

T

1
ll,,._..;
Py

.

1

LR

L2

-~y

#¥1

Flowy

T —
f !
{

b Mt ore

49 4t

!
i
B

= 4756

lity

MATERIAL § ENERGY BALANCE FOR HTW JET

iy

reSSUre.

IGI;‘

!

pressyre’ =

e

SIS ST B

".!.:

| section

SIHTW mass Flow 0

ieGra =S 0ck) Onf rMASs;

1
- OrCSSUr e L

Rl A3

o
+ PR S SRR 51

i.
b

(el

e

s A FkcB $s Stadm mass| Flo

ex

ot

PSRN Dy U S,

m,.\\, \le\x;_

<

09 17
HTW MASS FLOW [SUCTION VAPOR MASS FLOW

[.C,m..‘. (th

(%o + '5) x

2

= HOLSA - WO/LINS 1Me7< SSYN/ INYALS IDHWH DTG MO 7 SSHH

G,/GZ




Kg/5ec
"
»]

HOT WATER FLOW

= [_56"/(/9/:»; oy y—y 4’5?/,7"

FlicyURE 8

HTW DRIVING NODZZLE CALIBRRTILDN

*42 p//.fcéc*r;_r;re ﬁfﬁmc(fe /or ’/;t ;.
j;; :,!/‘/F‘f‘phrrr J'?.‘.)""I/P (ex,/ ¢/, ” $

A )

I
/‘/az‘ Mcr('r'r pre;s ure:;

:! j . [ | 1

: TN
' ?/ﬁ/ﬂ/c*m e bs.\7 AO70 FS5IF ] )

T

mea.rur o

...:..:‘ 1 IR A ARt [ S T HEE P S|

_.NEEDLE VALVE_ OPENING~-mm




g e

FIG8 TEST EJEC TOR

2Zls.omm 27Zi‘m-r,1’////
ot t
P r——  |ld—+- Do -- - .
t D }
" _
dMM
L vALVE | WTw NOZZ. sen 26w 267 e e
MIXING v DIFFUSER .
DIMENSIONS -
} 4
dMRX ex DM D d
I15.5| «57.2 | 217.4% { 3205]| 6/.8 | nm
D.k1 8 BS54 1.6 2425 | JNCHES

€ FHNYid




HTW NOZZ LE

6.3

 VALYE OFENING =

3

,,,,, —
ﬂﬂﬂﬂﬂﬂﬂ E] 5
§| ¢
INTER CHANGABLE Q ‘\\9’
END SECTION SN
——— I
228.6 mm .
/85 .
2.5 |
? ——
_J o —~
B /
—r
g
3
I
E § tr]'u]
Ql =+ ~
M| N Q
17 / /R
/

FIGURE 10

DRWING NOZZ1LE

DETAIL

g4 JAHND4




FIGURE 11

COMPARISON OF TEST RESULTS AT BEST PERFORMANCE

Test
Nozzle G3/G2  Pressure -psia Gy

Size - mm tg-t  Suction Discharge t2-1t} lbs. [Sec. G1/Gz G3/Gg

76.2 . 0241 12. 35 16. 06 12.9 9. 04 0. 85 0. 31

61. 8 .0238 20. 77 25. 46 1.1 14. 26 0. 757 0. 265
Estimated . 0278 20. 5 25 10. 8 0. 863 0.30
Performance
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TEST DATA - 61.8 MM NOZZLE Figure 12
HTW FLOW = 8. 42 1b/sec
r--vW
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TEST DATA - 61. § MM NOZZLE Figure 13
HTW FLOW = 9.5 1b/sec
HTW PRESSURE = 1010 PSIA

Gy =43 4g/
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TEST DATA - 61. 8 MM NOZZLE

HTW FLOW = 10. 44 1lb/scc
HTW PRESSURE = 101Q PSIA

Figure 14
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TEST DATA - 61.8 mm Nozzle
HTW FLOW = 10. 8 1b/sec
HTW PRESSURE = 1010 PSIA

Figure 15
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Figure 16

PERFORMANCE RATIOS FOR TEST

CN 61, 8 MM . NOZZLE
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FIGURE 17
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PERFORMANCE RATIOS FOR TEST ON 76.2 MM NOZZLE Figure 18
HTW PRESSURE = 1010 PSIA \
DISCHARGE PRESSURE 25 PSIA ‘
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PERFORMANCE RATIOS FOR TEST ON 76,2 MM NOZZLE
HTW PRESSURE = 1010 PsIA
DISCHARGE PRESSURE = 16. 06 PSIA

Figure 19

o "--_ww Pressare 7/“/%“, =10/ 7J/,4 Lt
b ;,0,'« L_/(’c-?’or C’X// l?f f’~'.i‘cr/'~?.53 = "’fJ '{/;é‘w / 057{5‘/_/4 )
ey Tt R e : ,5,7 o124

/8"’

i _-';4 ]

. . 1
bR
e é, .:zz#ké/.s" ';; "; 47
: i 1B b s yy e 928
a® /o" 20° 0° N p° °

So° 3
AA/GLE OF BUTTERFLY VALVE M/SUCT/DN LINE




Z10-867 - O 8961 ¢ YOO DINLLNIML LNTWNETAQD 'S I &

h ~ ENTHALPY - BTUPER LB,

FIGURE 20 ENTHALPY-ENTROPY D/IAGRAM
DATA FROM TEST /0%
20.28 Ps/A

SUCTION PRESS

DISCHRR&E PRESS  24.80
MIXING PRESS 17.30
£i@, = 0.756 LBS HTW PERLE SVCTION VAPOR
S ~ -
m
* o]
=i
Ao c A
LINE
(CRL o
4R %/ 1weORE <
lg?f < ai,
he ) L e
. ’ gEel | A Y
¢ | g N =2 o
52 B '3 A n < o=k o B//]\ }?
1 o ){Tg 4 3 b . 8 n
ja1] ) < H
i} pomd -~ 5 G i
i i |'a v N / < ~| 7 '
L LNy 1w g ¢ ~ 1 i
~ | q: > 4 ! = m N i
w4 {1 [a] ! N < p}
S < S 3
~ =
S, &2 Y Se; e OSp S ¥
- Y
h == & S
| &>
a5 A S
«h k> Q.A.?q . ¢ m f—
\ A ,
qal ]} 9)(} ??_?,5 as ‘r:rm_ 9
+ 9
/ Y 3 5 " '
\ A Sy
=g .
/B) s A < 2|
5 S - ENTROPY BTY/LB-°F

OZ ZFHNOLILA




