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ing physical phenomenon. The injector consists of a chamber
& having a nozzle-shaped outlet b. Operating steam is admitted
through pipe I and water through pipe f frbm supply tank e
and through opened valve o. A nozzle a slides within chamber
k and is packed against its cylindrical walls at p. Its position
can be shifted with handle g, and therewith thé annular open-
ing between nozzles a and b can be altered, which determines the
water supply. Condensation takes place within b ahead of
nozzle @, and the mixture enters the delivery tube ¢ with the
velocity », which latter is converted into pressure P. The water
then flows at that pressure through check d into the feed pipe.
The gap between the combining and delivery nozzles is seen to be
encased in chamber 4, which is connected through an overflow
and check valve h with the atmosphere.

Upon opening water valve o, the combining nozzle b and the
overflow chamber %, as well as the delivery nozzle ¢, will .be filled
with water under the pressure of the static suction head hs,
causing a free outflow of water through check valve h, and caus-
ing it to rise through check d to the level in the supply tank.
When steam is admitted through pipe !, and when nozzle a has
been shifted into a certain position with relation to stationary
nozzle b, the momentum of the condensing steam is sufficient
to entrain the quantity of water admitted, the injector primes,
and the mixture enters the delivery nozzle with a great enough
velocity v to start a continuous flow against the prevailing boiler
pressure. Injector action is established owing to heat transfer
between steam and water, which makes the steam condense,
and which causes a vacuum region ahead of the mouth of the
steam nozzle and within the fluid body in the combining nozzle.
The shape of this region of lowest pressure is open to considerable
speculation.  Kneass explored the combining tube and steam
nozzle of a Sellers injector along their center line and experi-
mentally established the existence of a low vacuum (about 24
in.) at a point at which the steam had penetrated into the com-
bining nozzle about one-fifth of its length and a gradual rise of
pressure toward its outlet. How far his measurements along
the center line of the jet are indicative of pressures and velocities
in other strata of the jet is problematical. Whereas we may
assume with some degree of justification that the steam mole-
cules, moving in the center of the jet, expand nearly adiabati-
cally, such an assumption would not be warranted for steam mole-
cules of other strata, particularly those contiguous to the envelop-
ing water strata. It is more probable that the expansion of the
steam molecules in the various strata of the jet follows various
polytropic laws and that the pressure range of expansion is not
the same in the various strata, and neither on that account is the
steam momentum established through expansion nor the losses
which are the result of the impact of fast-moving steam molecules
with much more slowly moving water molecules in their path.

Whatever the conditions may be, it is undoubtedly true that
there exists an equivalent average condensation pressure which
will be dependent upon the shape and size of surfaces along which
condensation takes place and upon the temperature of the suc-
tion water which governs the coefficient, of heat transfer between
the steam cone and the enveloping water. The warmer the
suction the more sluggishly is the steam condensed and the
higher is the average condensation pressure, which means also
that the kinetic energy gained through expansion becomes smaller.

The shape of the nozzles and their relative position to each
other are factors that largely govern the degree of perfection
with which the momentum of steam and water can be com-
bined under otherwise similar conditions. The amount of opera-
ting steam pressure available, the quantity and temperature of
the suction water, as well as the head under which it reaches the
injector, are all quantities that enter into the phenomenon as
they affect the facilities for condensation and the gain of kinetic

energy through expansion. The finish of the nozzles, or the

manufacturing excellence, is another variable, because it affects -

the frictional losses.

Attempts have been made to determine the shapes of com-

bining nozzles mathematically, on the basis of physical laws of
heat transfer between steam jet and water jet applying to con-
denser practice, but nearly all progress in the design of injectors
as a whole has been the result of laborious experimentation
which yielded to the experimenters certain empirical data, on
the basis of which injectors of various capacities and for various
duties were designed.

The impact of the fast-moving steam molecules, the speed
of which may, through expansion, become thousands of feet
per second, with a very much more slowly moving mass of water
when it enters the combining nozzle with a velocity of not to
exceed 50 ft. per sec., causes disturbances in the fluid motion
such that it will be found very difficult to express the result
mathematically. The shock or impact between steam and water
causes a loss of kinetic energy and its reconversion into heat
which is a very considerable portion of the available energy of
adiabatic expansion. It is to be remembered that the energy
destroyed by impact reappears as heat in the delivery mixture,
and that it therefore represents a mechanical loss only but not
a thermal one. The measurement of ¢, which is the temperature
of the mixture of steam and water as delivered by the injector,
and from which can be calculated the amount of heat units
taken up by the water, is.then not sufficient for deciding how
much of the absorbed heat that went into the water was residue
from expansion and how much of it was the heat equivalent of
the mechanical energy destroyed during impact. Since the
latter is, however, very small as compared with the amount of
heat that goes into the water as residue of the expansion process—
or what is the same, the actual heat of condensation—we can,
without committing too great an error, assume that the tem-
perature of the mixture which we measure, or which we may
calculate for a given mixture of steam and water, is the one
that the condensing water actually attains when it mixes with the
steam in the combining tube; and further, that the steam momen-
tum is created by expansion to the saturation pressure corre-
sponding to the temperature t. Kneass’ experimental research
and what we have learned since the publication of his book about
flow of fluids through nozzles with varying back pressures make
it probable that in reality the pressure at which at least part of

the steam condenses may be considerably below the saturation .

pressure corresponding to the temperature of the mixture, and
that part of the momentum of the steam is used up for pumping
the mixture from this mentioned lower pressure to the higher
pressure which is the saturation pressure of the mixture, but
which may only obtain in the gap and overflow chamber of the
injector. As later on discussed, the necessity arises of operating
injectors with proportions of steam to water so unfavorable to
complete condensation that the mixture does not become all
water in the combining nozzle, but considerable steam en-
ters the delivery nozzle and is then condensed at higher pres-
sures; thus the truth of the assumption just made as to the
proportionality of ¢ and P, is sometimes upset. We then have
little experimental knowledge about the relation of actual con-
densation pressures and overflow pressures, which greatly ob-
scures the complete analysis of the influence of impact. What
can be easily established by measurement is the net result of
an injector only; that is to say, the amounts of water and steam
fed to it, the temperature of the entering water and its head,
the quantity and temperature of delivery water, and the pres-
sure against which it will be delivered. The only manner in
which the net result can be critically examined is the one of com-
paring the net performance of an injector with the performance
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of an ideal injector when working under generally comparable
conditions. '

If the factor C in Eq. [2] is assumed to be egual to 1, such an
equation represents the relation of momenta of the ideal injec-
tor, because v was assumed to be the velocity attained by adia-
batic expansion of the gperating steam corresponding to the
greatest possible yield of kinetic energy from steam expansion,
and because kinetic losses through impact and friction are com-
pletely neglected. If we then write another Eq. [2] in which
we introduce the measured delivery pressure which was obtained
during test with the same temperature of mixture, and divide
both sides of the equations into each other, we find C as the ratio
of the momenta of the tested injector and the ideal one when
both carry a comparable condensing load. Whenever that is
the case, the values of W, S, v, and v,—because the latter is

equal to 29\/ r(Ps — Po)—are the same. C thus assumes the
importance of a coefficient peculiar to each design of injector,
as well as to its quality of manufacture, containing within it-
self, as it does, the import of highest condensing capacity and wid-
est elimination of all losses due to impaet, friction, and eddies.

The task of building a good injector has been likened to that
of building a good gun. As a matter of fact, there is an
analogy so far as the care in the assembly, finish, and mainte-
nance of quality is concerned; in both cases it is a matter of
preventing to the utmost an unnecessary dissipation of the
actuating mechanical energy, and in both cases seemingly trifling
inaccuracies have far-reaching consequences by reason of unusu-
ally high working velocities.

GENERAL INJECTOR CHARACTERISTICS

One practical object in striving for the best design—i.e., for
the highest value of C in injectors working with steam of boiler
pressure and pumping against the same pressure—is to be able
to pump a given quantity of water with the least steam consump-
tion. (Although nearly all the heat of the operating steam not
used for the mechanical work of pumping goes, in that case,
back into the boiler, low steam consumption is an advantage
because it helps to reduce the load thrown on to the steam-libera-
ting water surface, which in modern boilers is frequently over-
taxed, with a resulting high moisture content of the steam and
its attendant disadvantages.) In high-pressure injectors, and
particularly those of the lifting type, W X v, (see Eq. {2]) is
quite small as compared with § X v, so that (S X ) C is nearly
equal to (W + S)», or also \/2g Pr (W + 8).

Thus for the same amount of water (W -+ 8) pumped and the
same delivery pressure P we obtain a smaller S with a larger
C; S actually decreases faster than C increases, because with
the larger resulting ratio of W/S the temperature of the mix-
ture decreases, with a lowering of the condensation pressure and
an increase in vs.

Another practical object in seeking highest mechanical effi-
ciency of injectors becomes apparent when we analyze the de-
livery pressures obtainable with a given constant operating
steam pressure and for various values of W/S; i.e., over a range
of boiler feed.

Kneass, in hig aforementioned publication, presents a table
of test results from which curve 1 in Fig. 2 was prepared. This
curve shows the range of delivery pressures as a function of the
varying quantity of the water per pound of steam handled by
an injector with a steam nozzle of a fixed size and with a constant
operating steam pressure of 135 lb. absolute. Kneass does not
state the temperature of the suction water which was obtained
during these tests, but checking back from the temperatures
obtained with the help of a simplified Eq. [1a] (given farther
on) we can assume that the suction temperature must have been
about 65 deg. fahr. It is seen that this curve 1 has a very de-

cided maximum at about 81/; Ib. of water per pound of steam,
whereas the pumping ability of the injector decreases for smaller
or larger quantities of water, rather rapidly with decreasing water
quantities, and more gradually with increasing ones. Thus it
is clear that if we wish to have an injector that is stable over
a range of water quantities, we cannot use it for pumping against
its possible maximum delivery pressure, but against one only
that is safely below the maximum. Referring to Fig. 2, a de-
livery pressure of about 170 1b. is the highest that can be allowed
in order to obtain a regulation of water quantity of 50 per cent;
that is to say, from 6 Ib. to 12 Ib. of water per pound of steam.
The highest mechanical efficiency, or what is nearly proportional
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thereto, the highest pumping output per B.t.u. steam input, is
then also essential for obtaining ample enough regulation.
The pumping ability of an injector and its feeding limits also
depend, as previously mentioned, upon the temperature of the
suction water, and in order to illustrate that influence other
curves were added to Fig. 2 which were calculated with the
help of experimental data in Kneass’ book. Curve 2 applies to
a suction-water temperature of 40 deg. fahr. and curve 3 to one
of 90 deg. fahr. In calculating these curves the same coefficient
C (see Eq. [2]) which Kneass found in his experiments with 65
deg. water, and which are shown in Fig. 3 as the function of de-
livery temperatures obtained; were used. C, as already explained,
represents the ratio of the delivered momentum of an injectog‘
as compared with the one of an ideal injector when both carry
a comparable condensing load which latter must be spproxi-
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mately proportiorial to the delivery temperature of the mixture.
In calculating curves 2 and 3 of Fig. 2, the same values C were
taken from curve 3 that were obtained by Knleass in his experi-
ments for the delivery temperatures. Farther, in using Eq.
[2] for the calculation of the momenta, the quantity W X
v, being the momentum of the suction water within the com-
bining tube, has been neglected; to compensate for that error,
however, the momentum required to force the mixture from
the condensate pressure P, to atmosphere has likewise been
neglected, so that » was assumed to determine the gage pres-
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sure at delivery Py, the Eq. [2] then becoming simplified in the
following manner:
SXveXC=W+8pw

With r equal to 2.4, we have

% X C = 124 P, (1 + %) ............ [2a]

The »; in Eq. [2a] was determined as the velocity of adiabatic
expansion from 135 Ib. absolute to the saturation pressure P.,
which corresponds to the temperature of the mixture ¢, and the
latter was evaluated from the following simplified equation:

W/S (t.—32) + H = (1 + W/S) (¢t —32)...... .. [1a]

With the knowledge of P,, » was found from a Mollier dia-

gram as 2g\/ (H—H,) = 778, where H, = heatin 11b. of steam
above 32 deg. fahr. corresponding to pressure P.. All experi-
mental and calculated values are to be found in Table 1.

TABLE 1
1 2 3 4 5 6 7 8
w Py Py
s hid t 1b, per H Hoy ft. per 1b. per sq. in.
deg. fahr., S deg. fahr. sq.in. abs .t sec. C gage
40 5 237.0 237.0 132 2560 0.355 148.0
40 6 209.0 14.0 162 2866 0.430 199.0
40 7 178.0 7.2 206 3205 0.500 262.0
40 8 171.5 6.1 213 3275 0.515 228.0
40 9 158.3 4.5 231 3400 0.545 224.0
40 10 147.5 3.5 246 3515 0.570 216.0
40 11 139.0 2.9 256 3590 0.585 199.0
40 12 131.0 2.6 264 3620 0.600 181.0
90 5 279.0 48.0 79 1990 0.200 28.5
90 6 252.0 31.0 111 2360 0.310 71.0
90 7 232.0 22.0 136 2615 0.370 96.0
90 8 216.0 16.0 156 2795 0.415 107.0
90 9 203.3 12.3 171 2930 0.445 110.0
90 10 193.0 10.0 183 3030 0.470 109.0
90 11 184.5 8.2 196 3140 0.485 105.0
90 12 177.5 7.1 206 3200 0.500 98.5

It must be stated again that the assumptions underlying the
determination of », do not coincide with probable physical facts,
because the expansion may not, as we have already suggested,
be truly adiabatic; neither is it true that all the steam is con-

densed at an average pressure equal to the saturation pressure
which corresponds to the final temperature of the mixture, but
inasmuch as the coefficient C has been established as a quality
factor which is equal to one in the best possible injector working
under generally similar conditions, curves 1, 2, and 3 are quite
sufficient for illustrating the influence of suction-water tem-
perature upon the pumping power of an injector.

ExaAUST-STEAM-INJECTOR CHARACTERISTICS

Injectors which receive their steam supply from the exhaust
of locomotives have to work with operating steam pressures of
as low as 11b. Consequently, the value » in Eq. [2], being the
velocity which the steam attains in adiabatically expanding to
the condensation pressure, is only a fraction of one that is at-
tained in injectors working with steam of boiler pressure. The
impossibility of maintaining the value of » in Eq. [2] at a high
enough figure, or to obtain a sufficient steam momentum, has
been the stumbling block in the adaptation of the injector prin-
ciple in exhaust-steam-injector feedwater heaters on locomotives
or other steam plants, coupled with the fact that coefficient C
containing the influence of rapid condensation capacity could not
be made higher to compensate for the loss in #;; rather the more
unfavorable ratio of the condensing surface of the steam jet
to its cross-sectional area which is obtained in low-pressure in-
jectors as a result of the very much larger steam nozzles required
actually tends to make condensation more difficult. Assuming
for purposes of relative illustration that the factors C obtaining
in an exhaust-steam injector were as high as the ones obtained
in an injector working with higher pressures, and using the values
of ¢ from Fig. 2, Table 2 was calculated in the same manner
as Table 1, and the results were plotted in Fig. 4. -

TABLE 2
1 2 3 4 5 6 7 8
Py Py
ts w lb. per H—Hoy ft. per 1b. per
deg. fahr. S deg. fahr sq.in. abs B.t.u. sec. C sq. in.
40 6 203.2 12.3 12 773 0.443 15.1
40 7 182.8 8.0 45 1499 0.488 54.3
40 8 166.9 5.6 68 1842 0.523 74.9
40 9 154.3 4.1 87 2065 0.547 83.2
40 10 143.9 3.2 105 2290 0.567 90.7
40 11 138.2 2.7 116 2408 0.585 89.4
40 12 127.9 2.1 129 2535 0.600 88.9
40 13 121.6 1.8 137 2625 0.615 86.6
40 14 116.2 1.5 147 2700 0.630 83.5
60 6 210.3 s ves ess .
60 7 201.5 11.9 17 923 0.447 17.4
60 8 184.7 8.3 40 1411 0.484 37.5
60 9 172.3 6.4 59 1719 0.512 50.3
60 10 164.1 - 5.2 73 1013 0.529 54.9
60 11 153.5 4.1 87 2065 0.553 58.6
60 12 146.3 3.4 101 2250 0.565 62.2
60 13 140.2 2.9 109 2330 0.575 59.5
60 14 134.8 2.6 115 2395 0.590 57.5
80 7 217.8 e P .. “en
80 8 203.5 12.5 13 80! 0.443 10.1
80 9 190.3 9.4 34 1304 0.468 24.2
80 10 180.2 7.6 48 1551 0.494 31.5
80 11 171.9 6.3 681 1745 0.514 36.3
80 12 164.8 5.3 71 1885 0.528 38.2
80 13 158.8 4.6 79 1985 0.545 38.8
80 14 153.5 4.0 88 2095 0.553 38.7

These curves, then, represent the very highest possible pres-
sures against which a single-stage injector, similar to the one
shown diagrammatically in Fig. 1, could work with a pressure of
1 Ib. It is evident that in order to utilize such a single-stage
exhaust-steam injector under conditions of modern boiler pres-
sures at all, means for boosting the delivery pressures have to
be provided. As a matter of fact, steps were taken by English
manufacturers many years ago to increase delivery pressures
of exhaust-steam injectors by compounding; i.e., the addition
of a second or so-called forcer stage, the suction of which was
coupled on to the delivery end of the exhaust-steam stage and
which operated with steam of boiler pressure. Fig. 5 shows such
a compound exhaust injector diagrammatically, and its working
will be readily understood with the explanations formerly given.

D
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Two overflows were provided, and the proportions were such
that the overflow pressure in the exhaust-steam stage never
exceeded the atmospheric, making it possible toseal this overflow
chamber with an ordinary check; whereas the overflow in the
forcer stage, having always a pressure above the atmospheric
had to be either locked by hand or, as shown in the diagram,
by the delivery pressure itself, which latter arrangement made
the injector relatively easy of operation. In another design
shown diagrammatically in Fig. 6 the arrangement was substan-
tially the same except that a small supplementary steam nozzle
within and concentric with the exhaust-steam nozzle was added
for the purpose of obtaining higher delivery pressures from the
preheating stage and to thus increase the range of the forcer
stage and of the injector as a whole.

It should be here remembered that the range of feed of an
injector is entirely governed by its surplus of kinetic energy
when working with the most favorable ratio of water to steam,
and that the greatest surplus is obtained for mixtures the tem-
perature of which is low enough to allow the operating steam to
gain the greatest momentum. Thus the momentum produced
in the forcer stage will fluctuate with the amount of water fed
to it in an already well-preheated condition far more than would
the momentum produced in the same injector stage were it fed
with cooler water. On the other hand, the water preheated
in the low-pressure stage has already a momentum imparted
to it and arrives at the forcer stage under a pressure, so that the
forcer stage only makes up the balance. Still it is important
for the proper working of such a combination that the pressure
characteristics of both stages be similar and stay similar func-
tions of W/S, as otherwise stability over a range of feeds can
be maintained only through adjustment of the steam supply
to the forcer stage. Fig. 7 illustrates the point. The full-line
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curves are the part-pressure characteristics of both stages as-
sumed to be alike and superimposed; also the resulting total-
pressure characteristic. The dotted lines are the partial-pres-
sure characteristics shifted with relation to each other and the
resulting total-pressure characteristic. It is readily seen that
for an assumed boiler pressure the range of feed becomes smaller
as the partial characteristics become different functions of the
ratio W/8S. )

B

In locomotive operation rapid and unforeseen changes of ex-
haust pressure are a common occurrence; consequently with
compound injectors consisting of fixed nozzle stages the ratios
of water to steam will, for a given admission of water to the
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low-pressure stage, undergo rapid changes, and the partial-
pressure characteristics will become different functions of the
ratio W/8 unless the admission of live steam to the forcer stage
is altered in conformance with the change of exhaust-steam flow—
which is a very difficult matter in practice.

In Fig. 7 it has been assumed that whereas each one of the
two stages produced about 87 Ib. of pressure, or a total of 174
Ib. when both work with the most favorable ratio W/S equal
to 81/, the pressure which the exhaust-steam stage contributes,
when its W/S becomes 61/, is only about 30 Ib., or that the
total available delivery pressure will under those circumstances
decrease to 117 1b., which is not sufficient to feed against the




assumed boiler pressure of 160 Ib. If the exhaust stage was
producing its maximum pressure with 1 1b. of exhaust steam, for
instance, a rise of the exhaust pressure to 5 Ib¥would just about
produce a change of that magnitude in the ratio W/S. The
pressure characteristics used in Fig. 7 are calculated theoretical
curves taken from Pullen’s book and are found in the chapter
on exhaust-steam injectors for an exhaust pressure of 1 1b. gage
and 60 deg. fahr. suction water. A factor C of 0.5 has been
applied to reduce the theoretical pressures to the ones that may
properly be expected to be obtained in practice.

The higher the suction-water temperature is initially, and the
lower therefore the range of partial pressures of the exhaust-
steam stage, the more disturbing will be the effect of the fluc-
tuating exhaust pressures and herewith the loss of similarity
of the partial-pressure characteristics. ‘

As a matter of fact, the manipulation of compound exhaust-
steam injectors proved to be so bothersome on English locomo-
tives that their use was largely abandoned.

If the duty of the exhaust-steam stage is purposely decreased
and its share of the required total-delivery pressure reduced—

Fig. 8 ExHAUST-STEAM INJECTOR ADAPTED TO AMERICAN LocoMo-
TIVE PRACTICE

which can be accomplished through the installation of relatively
small exhaust-steam nozzles and by thereby increasing the values
of W/8S (in which case the action of the forcer stage is intensi-

. fied) or if that should not be possible, by the installation of the

supplementary nozzle, already referred to, in the exhaust-steam
stage itself—the action of a compound injector can be some-
what stabilized; however, only at the expense of the reclamation
of exhaust steam or by reducing the value of the apparatus as
a feedwater heater.

An examination of the pressure characteristics of injectors
working with higher steam pressures (Fig. 2) reveals that their
power decreases very much more rapidly with decreasing values
of W/S than with increasing ones. This is owing to the fact
that with decreasing W (S being the same throughout the range
of an injector with constant steam-nozzle and operating-steam
pressure) the product S X »: X C which, in the high-pressure in-
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jector, is responsible for by far the greatest proportion of the re-
sulting momentum, decreases very fast, because v, decreases as
the square root of the available energy of expansion, which latter
again becomes rapidly smaller with a rising temperature of the
mixture and the rise of P..

In injectors working with exhaust pressures the tendency to-
ward a rapid decrease of delivery pressures with decreasing ratios
of W/S is still more emphasized. On the one hand, the other
product on the left side of Eq. [2]—i.e., W X vs X C—is relied
upon to contribute a larger share of the resulting momentum,
and it decreases faster than W itself; on the other hand, S is,
in the exhaust-steam injector, not constant throughout its range
of operation. The steam flow through a nozzle maintains it-
self at the maximum only as long as the counter pressure at the
mouth of the nozzle is lower than the critical pressure equal to
57 per cent of the operating pressure. This is always the case
in high-pressure injectors, but not necessarily so in low-pressure
machines. With 1 lb. gage, or 15.7 1b. abs. operating pressure,
the maximum steam flow through the steam nozzle is not going
to be obtained unless P, is lower than about 9 Ib. abs., and it
is not always possible to so limit the working range of an injector.

By similar reasoning one must arrive at the conclusion that
instability of operating steam pressure is, with a given fixed size
of steam nozzle, very much more disturbing to the lower-pressure
injector than to the instrument working with steam of boiler
pressure, a difficulty touched upon in the graphical illustration
of Fig. 7, which is meant to explain the inherent difficulties of
compound exhaust-steam injectors arising out of the adjust-
ment of the quantity of water handled. ‘

While the inherent insufficiency of pumping power and the
resulting lack of regulation cannot be eliminated without some-
how increasing the utilization of the steam’s expansive power,
the disturbing influence of widely varying operating pressures
can be remedied by automatic pressure-regulating means; and
one American firm of manufacturers when reviving the idea
of the compound exhaust-steam injector embodied such auto-
matic exhaust-steam regulation in the design of its machines.

Preheating the tank water with exhaust steam by mixture,
and controlling by thermostatic means the maximum preheat-
ing temperature, with the intention of pumping the preheated
water with a relatively efficient live-steam compound injector
into the boiler, has been tried as a means of exhaust-steam
reclamation, but little has become known of the results that were
obtained.

Some railroads, in an effort to solve the exhaust-steam-injec-
tor problem, have also tried preheating the water in the tender
by exhaust steam, with and without thermostatic regulation,
and they have endeavored to handle the thus preheated water
into the boiler with relatively efficient compound live-steam
injectors. :

All of the exhaust-steam-injector combinations mentioned
are handicapped in range and stability because of the inherently
small momentum which an ordinary injector when operated
with a very low steam pressure is able to impart to the water
and becauase of the necessity to boost its action by a secondary
nozzle combination fed with steam of higher pressure, the char-
acteristic of which does not automatically correlate itself to the
one of the low-pressure-stage characteristic, with fluctuations
of exhaust-steam pressure or water quantities handled. The
smaller the momentum of the low-pressure jet or the lower the
pressure that the exhaust-steam stage can produce, the greater
has to be the momentum or pressure contributed by any booster
or forcer stage, and the more pronounced will be the lack of auto-
matic correlation of the two stages.

No mention has been made so far of fluctuations in the quality
of the exhaust steam, which on a locomotive may be very con-



RAILROADS v

siderable. Even if it were possible by mechanical means to
keep the exhaust pressure from fluctuating, the;number of heat
units passing through an exhaust-steam nozzle of fixed size would
vary somewhat with the operating conditions of the locomotive
and therewith the equivalent ratio W/S.

If the manufacturers of so-called live-steam injectors strove
for highest pumping effect, so that they might minimize the
amount of steam used and so that they might work with large
ratios of water to steam, the designers of exhaust-steam injectors
have every reason to strive for largest pumping power for the
sake of obtaining sufficient stability with lowest ratios of water
to steam, because the very object of the use of an exhaust-steam
injector is the condensation of as large a part of the available
exhaust steam as possible, with a view to the greatest fuel and
water saving. Inasmuch, then, as those proportions of water
to steam which are most profitable from the feedwater-heating
point of view occur in that part of an injector’s pressure char-
acteristic where the pumping action is least stable, the task of
producing a machine that is sufficiently flexible in its operation,
and which yields a substantial feedwater-heating effect besides,
seemed to be doubly difficult.

However, a great step in advance could be recorded in the
history of exhaust-steam-injector development when Davies &
Metcalfe, Ltd., English manufacturers who had been identified
with exhaust-steam-injector research since the very earliest days
of the conception of the apparatus, succeeded in evolving a
single-stage nozzle combination which yielded nearly twice the

_ pumping power of single-pressure stages that had theretofore

been used.

As now built, a delivery pressure of at least 146 Ib. gage is
being obtained with an operating steam pressure of 1 1b. and a
suction-water temperature of 60 deg. fahr. In order to boost
the delivery pressure to the prevailing boiler pressures, a rela-
tively small amount of boiler steam is required. Davies &
Metcalfe succeeded in superimposing this supplementary jet
of steam upon their exhaust-steam jet, to administer the former
through a supplementary steam nozzle concentric with the main
exhaust-steam nozzle, and to condense the two steam jets in
one combining nozzle without putting a prohibitive condens-
ing load upon it, an arrangement similar to the one shown
diagrammatically in Fig. 6. A longitudinal section of a Davies
& Metcalfe exhaust-steam injector with its auxiliary apparatus,
as adapted to American locomotive practice and put on the
American market by the Superheater Company under the trade
name “‘Elesco,” is shown in Fig. 8.

Those interested in exhaust-steam injectors from an operating
point of view are referred to the trade publications of the various
manufacturers. There the designing means selected for assur-
ing a proper working of exhaust-steam injectors on locomotives
can be inspected. The designs must all embody a provision
for allowing the injector to change over automatically from
exhaust-steam to live-steam operation when the throttle is closed
or when a sufficient supply of exhaust steam disappears. Enough
space can hardly be allowed in this discussion to do justice to
the various design details, and they are really considered out-
side the scope of this paper. Attention is here called only to
the overflow valve of the Metcalfe “Elesco” design, which is
pressure-loaded, the pressure being obtained from the delivery
side of the injector. Experience has shown that it can be loaded
safely so as to cause the overflow pressure to rise to about 8 Ib.
above the atmospheric without causing the injector to blow
baek at the lowest operating steam pressures which occur in
practice. It is obvious that an extension of the range of over-
flow pressures permitted with this arrangement is helpful in
obtaining a relatively wide selection of the ratio of water to steam.

The advance in the art of designing exhaust-steam injectors

which Davies & Metcalfe made is, within the frame of this dis-
cussion, best illustrated by a comparison of the performance
of an Elesco injector with that of a standard injector consisting of
steam nozzle, combining nozzle, and delivery nozzle only. In
Table 3 the values of &, ¢, and Py, which were obtained for cer-
tain exhaust-steam pressures in the test of a No. 10 Elesco in-
jector, are recorded. With these quantities established by test,
the ratios W/S were then calculated with the help of the simpli-
fied Eq. [la]. With the further assumption that the steam
condensed at a pressure P, (the saturation pressure correspond-
ing to t), the values of P, were established from the tempera-~-
tures, the heat, drop from adiabatic expansion was taken from a
Mollier diagram, the velocity of the expanding steam was cal-
culated therefrom, and finally, with a knowledge of all these
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quantities, the coefficient C' was calculated with the help of Eq.

[2¢] and placed into the last column of Table 3.

TABLE 3
Exhaust : Py Py
pressure, is ¢ gage lb. per ?s
1b. H deg. deg. 1b. per sq.in. H—Hy» ft. per
gage B.tu. fahr. fahr. W/S sq.in. abs. B.tu. sec. C

1 1151 40 146 9.78 168 3.40 100 2230 0.777

3 1154 40 152 9.23 183 3.95 103 2265 0.764
5 1157 40 160 8.57- 200 4.74 98 2205 _0.760
10 1160 40 178 7.35 235 7.35 87 2080 70.763
15 1163 40 186 6.91 270 8.50 8 2070 0.912
1 1151 50 150 10.33 160 4.74 80 1950 0.912
5 1157 50 160 9.35 185 4.79 98 2210 0.790
10 1160 50 173 8.30 222 6.45 95 2175 0.790
15 1163 50 185 7.47 262 8.40 8 2070 0.820
20 1164 50 198 6.74 280 11.00 81 2050 0.784
1 1151 60 160 10.25 148 4.79 79 1980 0.858
5 1157 60 170 9.26 175 6.00 78 1970 0.853
10 1160 60 180 8.44 210 7.20 88 2090 0.812
15 1163 60 196 7.3¢ 235 10.80 76 1945 0.815
20 1164 60 198 7.23 250 11.00 81 2050 0.787
1 1151 70 171 10.20 130 6.10 62 1756  0.902
5 1157 70 182 8.90 155 7.90 63 1770 0.867
10 1160 70 192 8.20 185 9.80 66 1810 0.857
15 1163 70 190 8.30 210 9.70 78 1870 0.894
20 1164 70 210 7.04 230 14.10 66 1810 0.835
1 11561 80 180 10.03 115 7.20 52 1610 0.910
5 1157 80 190 9.00 132 9.70 50 15756 0.905
10 1160 80 203 8.04 160 12.20 50 -1575 0.900

It will be noted from Fig. 9, in which a plot of coefficient C
as a function of ¢ has been attempted, that no such very definite
function could be established, but that the range of the values
of coefficient C is considerably higher than the ones experimen-
tally established by Kneass for an injector of simpler design
and working with 135 1b. abs. pressure. The values of C from
Kneass, which are presented in Fig. 3, and which formed the
basis of the calculations heretofore presented, obtained for a
wide range of the quantity W/S—so wide that the density of




the jet, or the percentage of steam actually condensed in the

combining nozzle, greatly varied. On the otjer hand, the coeffi-
cients C found for the Elesco injector apply, all of them, to the
most favorable loads carried by the injector for a given exhaust-
pressure and suction-water temperature—at whieh most favorable
loads the complete or nearly complete condensation of the steam
was undoubtedly obtained in the combining tube. Could the
Elesco injector have been tested with'a wider range of loads,
and had the maximum density of the jet thus not been main-

. tained, the factor C would undoubtedly have shown a declining
tendency for the lower jet density also. The values of C as

- given in Fig. 9 for the Elesco injector are then really comparable
only with the maximum value of C in Fig. 3.

Tt should here again be emphzsized that the short-cut method
of calculating the various quantities in Tables 1 and 2 on the
assumption that all the steam expanded to P., the saturation
pressure corresponding to the temperature of final mixture, was
an approximation only. The assumption may nearly coincide
withphysicalfacts for jet densities equal to 1 only, at which density
the highest delivery pressure should be obtained in a correctly
proportioned injector. However, the curves plotted from Tables
1 and 2 had only the purpose of illustrating relative performances
and of establishing the general character of the function be-
tween delivery pressure and load; they are not meant to repre-
sent the actual absolute values of the pumping power of a cer-
tain injector. Therefore we hope that the method of presen-
tation will not be too severely criticized. '

In examining Fig. 9, the high relative values of the coeflicient
C of the Elesco injector are readily noticeable and prove design
progress. They explain the very satisfactory range of action
which is being obtained with Elesco injectors in service and
which gives the Elesco injector a relatively great immunity
against troubles from varying exhaust-steam pressures and from
changes of water adjustment.

Mr. Metealfe himself is of the opinion that the 1mprovement
in the mechanical action of this latest injector is due to a rela-
tively small impact loss. As Fig. 8 shows, condensation in the
Metcalfe Elesco injector is effected on the inside and outside
of a water jet of annular cross-section, and Mr. Metcalfe be-
lieves that the water jet, accelerated by condensation of steam
on its mmde, can condense the steam on its outside with a rela-
tively small impact loss. It is also not impossible that part of
‘the improvement at least is due to the increased condensing
surface of the Metcalfe Elesco arrangement and a consequent
greater condensing effect.

Fig. 10 shows a group of curves which denote limits of sta-
bility of a No. 10 Elesco injector when handling certain quanti-

ties of water of various temperatures from the supply tank and -

when operated with varying exhaust-steam pressures against
a boiler pressure of 190 1b. gage. The curves were experimentally
obtained in the laboratory with 175 lb. supplementary steam
pressure and a supplementary nozzle of 9 mm. bere, which per-
mitted a constant supplementary steam flow of about 910 lb.

per hr. The curves clearly indicate the influence of suction-

water temperature upon feed range as well as upon the injector’s -

- ability to remain stable with fluctuations of exhaust-steam pres-
sure. If 21,000 Ib. of feedwater of 80 deg. temperature be ad-
mitted to the injector; it is at once apparent from the curves in
No. 10 that the exhaust-steam pressure may vary between 0
and 13 1b. above atmcsphere without endangering the perfor-
mance of the injector. It also can be seen from these curves
that with 80 deg. and 6 Ib. exhaust pressure the quantity of water
taken from the tank may be varied from 25,000 Ib. per hr. to
18,000 1b. per hr., which corresponds to an approximate range
of from 72 to 100 per cent, a creditable performance at the rela-
tively high suction temperature. With water as cool as 50 deg.
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fahr., a range of about 50 per cent can be had over a considerable
range of exhaust-steam pressures, and in general it can be con-
cluded from the character and import of these curves that loco-
motive engineers should have, generally speaking, no trouble
in getting along with injectors of such characteristics in territories
in which extraordinarily high suction-water temperatures, say
in excess of 80 deg. fahr., are not encountered. An Elesco
exhaust-steam injector can, as will be noticed, handle water in
excess of a temperature of 90 deg. fahr., but a satisfactory sta-
bility could not any more be mamtamed automatically under
conditions of varying water quantities and under conditions of
the influence of varying exhaust-steam pressures. With ex-
tremely high water temperatures the locomotive engineer or
fireman or whoever operates the injector occasionally has to
readjust the quantity of water fed whenever the exhaust pres-
sure widely varies, so that under such extreme suction-water
temperatures even the Elesco exhaust-steam injector is then

not as automatic in its action as the designer would like to have it.

FeepwATER-HEATING EFFECT

From the delivery temperatures which were obtained with the
Elesco No. 10 injector and from its corresponding values of W,
the weight of the water handled from the tank, of suction-water
temperature &, and of exhaust-steam pressure, we can calculate
the saving of water and the saving of fuel in the following manner:

IS, weight of exhaust steam condensed per hour
'S, = weight of supplementary steam condensed per hour

H. = total heat in exhaust steam per pound above 32 deg.
fahr.
H, = total heat in supplementary steam above 32 deg. fahr,,

a simplified Eq. [1b] can be written as follows:
W (tc_32) +Sc X He +St X Hc = (W + Sa +Sa) (t_'32)

T S8 P [16]

As will be noticed, the kinetic energy of the water entering
into the combining nozzle under the pressure of the atmosphere
was neglected on the left side of the equation, but to compen-
gate for it in some measure the gage pressure P;, and not the
absolute pressure P, was introduced into the second member
on the right side of the equation.

-Further introducing

P 1T = 190 lb.

Ss 910 1b. per hr. (which was calculated by Napier's for-
mula for 175 1b. supplementary-steam pressure)
1141.8 (being the total heat of steam of 175 Ib. gage
pressure)

12.36 ft. (being a good average for water temperatures
within the injector)

H,

.,
]

and solving for"S., we obtain the following equation:

g, = W(—t +0.576) — 1,008,575 8]
e = He _ t + 31.424 ..........

In Table 4, columns 1, 3, 4, 5, .and 6 contain quantities estab-

lished by the same tests that enabled us to plot the set of curves

in Fig. 10; column 7 contains the pounds of exhaust steam cal-
culated from Eq. [3].

By addition of S. in column 7 to the values of W in columns
5 and 6 we obtain the values of W, which are the amounts of
water evaporated in the boiler and which go to the main cylin-
ders and auxiliaries (the latter with the exception of the exhaust-
steam injector itself).
S.; however, it can be assumed that all of the heat in S re-

The actual total evaporation is W: +
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TABLE 4 PERFORMANCE OF NO. 10 ELESCO EXHAUST-STEAM INJECTOR
(Delivery pressure, 190 1b. gage; supplementary pressure, 175 1b. gage; bore of supplementary nozzle, 9 mm.;

dry overflow.)

1 2 3 4 5 6 7 8 9 10
Exhaust
pressure, ts ¢ w w Wi Wi
1b. H,; deg. deg. max. min. Se max. , min. m
gage B.t.u. fahr, fahr. b, per 1b. per 1b, per Ib. per = 1b. per %
hr. hr. hr. hr. hr.

1 1151 50 142 26,200 1300 27,500 4.73
1 1151 50 222 13,000 1225 14,225 8.62
5 1157 50 152 26,900 1625 ° 28,525 5.71
b5 1157 50 232 13,700 1500 15,200 9.88
10 1160 50 162 27,500 1970 29,470 6.68
10 1160 50 232 15,000 1730 16,730 10.35
15 1163 50 174 28,800 2445 31,245 7.83
15 1163 50 232 17,700 2270 19,970 11.38
20 1164 50 198 26,500 2875 29,375 9.80
20 1164 50 228 20,400 2655 23,055 11.50
1 1151 60 152 25,500 12563 26,753 4.69
1 1151 60 228 12,800 1141 13,941 8.19
5 1157 60 162 26,000 1558 27,558 5.66
5 1157 60 230 14,700 1499 16,199 9.25
10 1160 60 173 27,600 2035 29,635 6.86
10 1160 60 230 17,200 1940 19,140 10.14
15 1163 60 189 26,800 2390 29,190 8.20
15 1163 60 232 18,900 2277 21,177 10.75
20 1164 60 210 25,600 2829 28,429 9.94
20 1164 60 232 21,100 2671 23,771 11.24
1 1151 70 163 24,900 1240 26,140 4.75
1 1151 70 228 13,700 1155 14,855 7.78
b5 1157 70 174 25,700 1595 27,295 5.83
5 1157 70 232 15,900 1584 17,484 9.08
10 1160 70 184 26,800 1990 28,790 6.92
10 1160 70 230 18,200 1928 20,128  9.56
15 1163 70 200 26,600 2418 29,018 8.33
15 1163 70 230 19,600 2145 21,745 9.88
18 1164 70 210 26,100 2636 28,736 9.17
18 1164 70 230 21,600 2480 24,080 10.39
1 1151 80 180 23,600 1302 24,902 5.23
1 1151 80 223 15,200 1162 . 16,362 7.11
5 11567 80 187 24,700 1589 26,289 6.04
5 1167 80 222 18,000 1546 19,546 7.95
10 1160 80 202 24,800 1995 26,795 7.45
10 1160 80 227 19,800 1923 21,723 8.85
15 1163 80 214 26,300 2515 28,815 8.73
15 1163 80 228 22,300 2322 24,622 9.43
19 1164 80 230 24,400 2695 27,095 9.95
19 1164 80 230 23,600 2572 26,172 9.84

enters the boiler, so that the heat in W only comes from the fuel.
The saving in water that can be effected through the use of
the exhaust steam injector is calculated as m.

m =

Se/Wi X 100. ... 0o, [4]

and the value of m is contained in column 10 of Table 4.

The saving in fuel in percentages is equal to the heat saving
in percentages that is effected through the condensation of ex-
haust steam and the return of its heat to the boiler, provided
we assume the boiler and furnace efficiency of the locomotive
not to have been affected by the reclamation of B.t.u. from the
exhaust. With this assumption, which is proper on all locomo-
tives with amply large grates and heating surfaces, the fuel sav-
ing in percentages is calculated as

Q- _ heat added to W by exhaust steam
Qs - heat in W,

Q. is contained in column 11 and was caleulated from column
7 and column 2, which latter contains the heat contents of the
exhaust steam at the various exhaust-steam pressures assumed
to be dry-saturated. @, was calculated with the assumption
that 90 per cent of W, the total amount of steam going to main
cylinders and auxiliaries, was evaporated at 190 lb. pressure
and superheated to 600 deg. fahr. for the consumption of the
main cylinders, whereas the balance of 10 per cent was assumed
to be generated at the same pressure of 190 lb., but was used
as saturated steam for the auxiliaries, a condition which is true
for many superheated-steam freight locomotives in this country
which are stoker-fired. Thus @, was found to be from the equa-
tion

Q = 1299.8 We....... U 6]

The values of @, are contained
in column 12 and the values of n
in column 13.

11 12 13
Q The calculations have been car-
o Qs . .

B.t}.lu. B.t.l:x. 2 ried through in Table 4 for sue-
per At per At ‘e tion-water temperatures of 50, 60,
1,608,437 35,700,000 4.53 70, and 80 deg. The values of m,
1,609,437 18,500,000 8.70 . L,
2,010,737 37.000,000 5.44 representing the water saving in
1,935,937 19,600,000 9.88 T
2418037 38220000 632 Percentages, were plotted. in Flgs
2,219,037 21,750,000 10.29 11 to 14, and the fuel savings n in
3,001,637 40,600,000 7.40 P
3'217,337 gg,gg,o,ooo 10.85 percentages in Figs. 15 to 18.
1405,947 ,150,000  9.20
3,291137 30,000,000 10.97 Each one of the figures shows

two curves representing the maxima
1,566,117 34,730,000 4.51 .. .
1,512,517 18105000 8.35 and minima of fuel and water
2,208,977 35795000 6.16 : ; thi
21017037 210100000 oo Savings obta.mableg \Znthm the range
2,496,437 38,500,000 6.48  of operating conditions that corre-
2,525,937 24,850,000 10.15 o T
g,gzg,;g; 37,910,000 7A7$ spond to the group of curves in Fig.
2,848, 27,450,000 10.3 -
3465:037  36.090000 6 60 10 The fa,ctual ope‘ratlon of the
3,305,957 30,820,000 10.73 injector will be carried on some-
1,554,137 34,110,000 4.56 Where within the limits of stability
1,533,937  19.300,000 7.95 ; '
1984237 35590000 & 53 that are recorded in Fl.g. 10,. and
2,034,737 22,600,000 8.94 the fuel and water savings will be
2,440.937 37,398,000 6.56 . .
2420937 26,150,000 9.30 Somewhere between the minimum
2,982,937 37,650,000 7.66 ; R
PO BN LB Ties 15 0 15, The mext

,240, 37,310, .79 nd Figs. o 18. e i~

3000437 311250000 0.8 % 8 ('@ Iaxi
mum fuel and water savings cor-

1,649,437 32,350,000 5.10 ini i

1520'437 10750000 774 Tespond _to the‘ minimum ratios of

1,996,537 34,150,000 5.85  W/S,, with which the injector could

1,982,347 25,400,000 7.80 - .

2.474.837 34.950,000 7.08 be operated without spill at the

2485437 28,200,000 8.83 ini

S'éég"gg; 37,450,000 g‘ i ovgrﬂow, and the mlmmu(lln fl.;:!l

,893, 2,020,000 .03 and water savings correspond to
3,320937 35,100,000 9.47 . o por t e
3,187,937 33,090,000 9.33 maximum ratios of W /8. with which

the injector overflow remained dry.

Tt will be noted that the percentages of fuel and water saving
are of considerable magnitude. The curves prove that with.
properly designed exhaust-steam injectors very appreciable
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(Delivery pressure, 190 lb. per sq. in.; supplementary steam pressure,
175 1b. per sq. in.)

feedwater-heating effects can be obtained and that this type
of apparatus can be made a worthy competitor of other known
means for accomplishing the preheating of feedwater by exhaust
steam on locomotives.

Inasmuch as the curves in Fig. 10 prove that with rising ex-
haust-steam pressures the exhaust-steam injector can feed in-
creasing quantities of water,.and inasmuch as during the opera-
tion of the locomotive rising exhaust pressures indicate increased
water requirements, the pumping and feedwater-heating proper-
ties of these machines adjust themselves rather well to the operat-
ing conditions of a locomotive. Generally speaking, the feed-



10 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS

12 PSP Sa— 12 12

savi .
)@ﬂr)L/ T g
. 10 _merﬂ 2 £|0 ?Wyersa\/m/ o - Wafer Savin "
g‘ / g W\ / qé“ W N
58 1 5 i L~
© y o8 i 38+ w
& sty w & tel. . S Hotes
o6 pio Y I
> +

Ay A4 A g
s s
=3 =2 =2

0 0

0 5 i0 IS 0 0 0 5 0 05 3

Exhaust Pressure in Lb.per Sqln.

Fig. 11 WATER SAvinGg AS A FuncTiON
or ExmaustT PrESSURE, 50-DEG. Suc-
TION-WATER TEMPERATURE

5
Exhayst Pressure in Lb per Sqln.

Fie. 12 Warer Savine as A Funcrion
or ExHAausT PRESSURE, 60-DEG. Suc.
TION-WATER TEMPERATURE

or ExmavustT

5 © 10
Exhaust Pressure intb.per Sqln

Fig. 13 WATER SAVING As A FuNcTIiON

PrESSURE, 70-DEa. Suc-

TION-WATER TEMPERATURE

12 i? | T
vin vir
ol Fuel 24 g, Foel L
0 L pvin ' 87| =t 0 gk
0 patel 7 ‘ g / e
&8 U ) T8 . 23 "y
g /ﬂ| S g it 8 | 28
g |7 Lw & o fud 3 LB
2ot £ syt € oo
o
g4 a4 g 4
§ it A
[%3 —_
o & g
.,“6’ 2 2 =
=
0 - 0 0
0 5 0 5 2 0 5 10 15 20 0 5 0 3 20

Exhaust Pressure in Lb.per Sqln.

Fig. 14 WaTeR SavING As A Funcrion
oF ExHAUST PRESSURE, 80-DEg. Suc-
TION-WATER TEMPERATURE

water-heating effect that
canbe obtained increases
with the size of the in-
jector with which the
boiler can be conven-
iently fed. The larger
the size of injector which
can be selected the lower
are the ratios of water to
steam with which it op-
erates, but also the
smaller is its pumping
ability and the smaller
its reserve of power in

pumping against a given

boiler pressure. In
practice it will be desir-
able to so select the size
of an exhaust-steam in-
jector that positive op-
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eration and sufficient flexibility are assured with the suction-
water temperatures that are encountered, but to select an un-
necessarily small injector or one that is used near the higher
imit of its stability range means a wanton sacrifice of feed-
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working of compound injectors. Still,

Exhaust Pressure in Lb.per Sgin.

Fig. 16 FUEL SAVING As A FUNCTION
oF Exaavust PrESSURE, 60-DEg. Suc-
TION-WATER TEMPERATURE

water-heating capacity.

If auxiliary automatic
means for preventing un-
due exhaust-steam pres-
sure fluctuations are
added to the Elesco ex-
‘haust-steam injector, it
will be benefited just as
a compound injector, a
fact which has been re-
ferred to, though auto-
matic exhaust-steam
pressure regulation is of
smaller practical conse-
quence to the working
of injectors which, like
the Metcalfe-Elesco com-
bination, have an in-
herently greater range
of stability than to the
by adding the mechani-

cal complication of a pressure-regulating or limiting device to

theiformer, relatively larger sizes of i

njectors become possible

and;greater feedwater effects are secured. It even seems quit;e



RAILROADS ' 11

within the possibilities of design to evolve automatic exhaust-
pressure limiting means so constructed that exhaust pressures
are limited to higher and higher values as the guantity of water
handled by an Elesco injector is increased. In that manner
they could be made to work with minimum or near minimum
ratios of water to steam over the entire range of water quan-
tities and exhaust-steam pressures which might be encountered,
with greatest feedwater-heating effect and a sufficient stability
of the jet. If it is found possible to design such regulating means
so skilfully that the maintenance cost of the entire injector

installation is not materially increased or that the operation
of the injector is not accidentally endangered, the use of exhaust-
steam injectors would produce fuel and water savings which are
consistently near the values indicated in the upper curves of
Figs. 11 and 15.

The calculations and curves presented herewith have more
the purpose of illustrating the relative behavior of different forms
of injectors than of establishing definite operating records. Thus
it was deemed proper to make all computations with a 10-in.
slide rule,




