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P R E F A C !•}

Th e construction of steam injectors has in recent years been 

brought to a high State of perfection, and tho principles under- 

lying the operation of the apparatus under various conditions 

have been more accurately understood.

The literature devoted to the subject of steam injectors 

is, with one or two exceptions, of a very perfunctory character; 

the few works that have been issued do not appear to constitute 

such a thorough and systematic treatise as will enable the reader 

to appreciate the reasons for the various details in. the design 

of the apparatus. Thus, the overflow arrangements and also 

the water control arrangements of injectors have to a large 

extent been treated as if they played but a very insignificant 

part in determining the success of the apparatus, whereas the 

former are of tho utmost importance, and are practically the sole 

features which, in the hånds of the inventor and manufacturer, 

have rendered possible the excellent results now obtainable.

The treatment liere adopted is in many respects thought to be 

original, and to open out the possibilities and probabilities of a 

difficult subject in a way not previously attempted.

The author has to acknowledge his great indebtedness to Mr. 

Edward C. R. Marks, A.M.I.C.E., for the facilities

generously placed at his disposal for the preparation of the 

numerous drawings here reproduced, to Mr. J. D. Morgan, 

A.M.I.C.E., A.I.E.E., for kindly reading through the draft of the 

matter, and also to the numerous makers for the loan of blocks 

or the supply of particulars relative to their productions.

V. A. B. H.
Manchester, 1912.
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THE STEAM INJECTOR.

CHAPTER I.

Introduction.

Th e appliance known to engineers as an injector may be 
defined as an instrument in which a jet of steam moving 
at high velocity is caused to carry a jet of water, with 
which ’t mingles and by which it is condensed, into a 
boiler or vessel under pressure.

The general principles of the injector are based upon cer- 
tain physical laws expressed in tlie following simple 
formulæ : —

If H represents the head in feet equivalent of the fluid 
pressure in a boiler, and g the acceleration due to gravity 
(which may be taken as 32'2 ft. per second per second), 
then

v = 72^H............................... (i.)

V being the theoretical velocity in feet per second of a jet 
of such fluid flowing from the boiler.

The fluid head equivalent of any pressure depends upon 
the density of the fluid, and may be expressed thus: —

He id in feet — Presssure i*1 P0U11(^8 per square foot 
weight per cubic foot

It follows, therefore, that the velocities of discharge of 
different fluids under a given pressure (P) vary inversely 
as the square root of their densities, the relationship being 
expressed in the following formula : —

V = / 2 P (ii.)* 
V ?/l

* It is not strictly accurate to use formula (ii.) for determining the velocity of 
dischai’ge of an elastic fluid such as steam, as the formula takes no account of 
the velocity increase due to expansion during discharge. The formula is, 
however, convenient for determining the approximate relationship between 
steam and water jets isauing from the same vessel. The case for the steam jet 
is understated.

2 SI
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w being density in pounds per cubic foot, and P pressure in 
pounds per square foot.

[Or if for pressure in pounds per square foot we substi- 
tute pressure in pounds per square 'inch, and tabe 2‘3 ft. 
as the fluid head equivalent of 1 Ib. pressure per square 

inch, then

V = ^/2<7p x 2 3 • • • (ii- «•)]

In other words, if steam and water jets issue from a 
boiler under pressure, then with s denoting the density of 
the steam and w the density of the water within the boiler,

The velocity of steam jet  / w

The velocity of water jet J s

If the pipes through wliich the steam and watør jets 
issue be of the same cross-sectional area, and the discharge 
in unit time be considered, then

Mass of steam dischargeel  / s .
Mass of water discharged J w

. „ Momentum of steam i et  1
therefore —------- ------- 7----------— — J>

Momentum 01 water jet

. Kinetic energy of steam jet  / w
and ==-.—-------- ——c---- 1— • 1 ~ '

Kinetic energy 01 water jet v § ■

Thus it will be seen that whilst under the conditions 
aforesaid the momentum of the steam jet is equal to tliat of 
the water jet, the velocity and kinetic energy of the former 
jet is to that of the latter as the square root of the density 
of the water is to the square root of the density of the 
steam. The density of steam being very mueh less than 
that of water under the same pressure, its velocity will 
therefore be greater. Even when the steam jet is mixed 
with and condensed by a water jet, the velocity and kinetic 
energy of the resultant jet may be very considerably 
greater than that of a water jet issuing from the same 
vessel as the steam jet. It will thus be seen that by utilis- 
ing the kinetic energy of a jet of steam, a very effeetive
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force is obtained for carrying or injecting water into a 
boiler under a pressure equal to or even higher than that of 
the steam used.

If we consider the relationship betwæn water and 
steam from a thermal standpoint by comparing the heat 
energy represented by 1 Ib. of steam with that represented 
by 1 Ib. of water at the same temperature and pressure as 
the steam, we at once appreciate the advantag© of the 
steam over the water as a mechanical force. It is a por
tion of the superior force or excess of heat energy of the 
steam, represented by its latent heat, which is utilised in 
the injector for forcing water into the water space of the 
boiler in which the steam was generated.

To illastrate the foregoing statements, we will consider 
a jet of dry saturated steam issuing from a boiler at 
10 Ibs. gauge pressure, which mingles with, and is ulti- 
mately condensed by, a water je-t under atmospheric pres
sure and a head of 2 ft., the ratio by weight of the mixture 
being 1 Ib. of steam to 9 Ibs. of water.*  At the point 
where the steam and water unite a vacuum exists 
(due to the condensation of the steam), and we will assume 
this to be 20 in. meroury. The theoretical velocity of 
dry saturated steam at 10 Ibs. gauge pressure issuing 
into a vacuum of 20 in. mercury (5 Ibs. pressure per square 
inch absolute) is about 2,330 ft. per second, and the 
theoretical velocity of water under atmospheric pressure 
and a head of 2 ft. into the same vacuum is about 40 ft. 
per second. The resultant velocity of the combined jet 
(condensed steam and water) per unit mass (1 Ib.) will 
therefore be 269 ft. per second. f A water jet discharging 
into a region at an absolute pressure of 5 Ibs. per square 
inch with a velocity of 269 ft. per second would be

* In the rough calculations liere given, the effect of the temperature of the 
water upon the results lias beeii ignored, so as to make the figures as simple as 
po^sible. One pound pressure per square inch has been taken as equal to a water 
head of 2'3 ft. The valnes have been calculated by formulæ given later.

t For: Momentum of steam jet + momentum of water jet

= momentum of combined jet

1 X 2330 + 9 X 40 = 2690;

i.e., 10 X velocity = 2690;

therefore velocity = 269 ft. per second.
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produced by a pressure of 479 Ibs. per square inch.*  
That is to say, if we neglect all consideration of losses, a 
steam jet issuing from a boiler under a gauge pressure  
of 10 Ibs. per square inch would be able (when m ixed with  
and condensed by  water) to carry nine tim es its own weight 
of water into a boiler under a gauge pressure of nearly  
479 Ibs. per square inch. It is hardly necessary to add  
that it is im possible in practice to obtain anything like 

this result.
The following particulars of a test upon an injector 

under conditions approaching thos&  above set out will show  
som ething of the possibilities of the appliance : —

T e s t  o f  a n  In j e c t o r .

Steam  pressure. 
Pounds per square  

inch absolute.

Head  of feed  
water.

Feet.
2

Tem perature of
Delivery  pressure. 
Pounds per square 

inch absolute.Feed  
water.

Delivery  
water.

25 

_____ —

Deg. Fah.
60 

/3JJ- °C

Deg. Fah.
180

&L aC
180 

_____

Briefly, an injector m ay be said to com prise three 

parts, perform ing the following functions : —

(1) A  steam  nozzle in which the pressure energy of the 

steam is converted into kinetic energy.
(2) A  com bining or m ixing nozzle in which the steam  

m ixes with and im parts its velocity to the feed water.
(3) A delivery nozzle in which the kinetic energy of 

the water jet issuing from the com bining nozzle is con- 

verted into pressure energy.

Fig. 1 is a sectional illustration of an early type Giffard  
iniector. The steam  nozzle is shown at a, the water inlet

♦ For : Pressure  above 5 Ibs. pei- squai-e inch  absolute

 velocity2  j o . . , . [See form ula (ii. a).]
2  <7 X 2 ’3

= ^   10
148

= 479 Ibs. approxim ate.
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at b, the combining or mixing nozzle at c, and the delivery 
nozzle at d. The slot or gap e is to permit an overflow 
from the end of the nozzle c, when the injector is unable

Fiq . i.

from any cause to deliver into the boiler being fed. The 
chamber / is termed the overflow chamber. Fig. 2 is an 
elevation of the standard lifting type Giffard injector.
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The dimensions of an injector are always compared with 
the diameter of tlie throat (or section of smallest diameter) 
of its delivery nozzle. The size of an injector is generally 
reckoned by the diameter in millimetres of the delivery

Fig . 2.

nozzle throat. Thus a No. 3 injector is one having the 
diameter of its delivery nozzle throat 3 millimetres (3 mm.).
We will now consider the various parts of an injector in 

detail.



THE STEAM NOZZLE. 7

CHAPTER II .

The Steam Nozzle.

As the kinetic energy of steam is the force utilised in an 
injector for propelling the feed vater into the boiler or 
vessel being fed, it is necessary that the injector steam 
inlet nozzle be so designed as to develop under any given 
conditions tlie greatest kinetic energy per pound of steam 
discharged therefrom.

In the days of the early injectors the properties of steam 
were not thoroughly understood; engineers treated steam 
in the same manner as they would trcat water or other 
inelastic fluid. To obtain the maximum velocity of dis
charge of water from a nozzle, the- latter is made of con- 
vergent form; so in the early injectors a converging steam

Fig . 3.

inlet nozzle was employed. In tlie Giffard injector illus- 
trated at fig. 1 there is a converging steam inlet nozzle a. 
With this form of steam nozzle, as with. a straight or 
cylindrical nozzle, the issuing steam is of greater pressure 
than the medium into which it flows, and expands laterally 
immediately it leaves the nozzle.

Fig. 3 shows a convei'ging steam nozzle with a live 
steam jet issuing therefrom.*

Fig. 4 shows in diagram form tlie fali of pressure in a 
steam jet issuing from a plain tube, such as indicated at

* This figure must be taken as approximate only, as the exact form of the jet 
depends on conditions which vary with every nozzle. See Rosenhain’s paper 
referred to on page 9.



8 THE STEAM INJECTOB.

the top of the figure.*  The initial steam pressure was tlie 
same in all the tests, but the terminal pressure was varied 
in eacli test. The great pressure- drop inamediately 
beyond the tube will be noted; also the pressure oscilla
tions before the exhaust or terminal pressure is reached.

* The diagrams, figs. 4, 6, and 7, are to be taken as typical only. For a full 
treatment of the subject of the internal-pi'essure conditions of steam jets issuiiig 
through and from various forms of nozzle, Dr. Stodola’s work on the “Steam 
Turbine ” sliould be consulted.

If the steam, when it issues from the steam nozzle, &x- 
pands laterally and swirls, and therefore tends to give a 
lateral movement to the water entering an injector, it is
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obvious that it is not acting in the most efficient manner, 
for to fulfil the latter condition all the energy imparted to 
the feed water should be in a direction parallel with the 
axis of the steam nozzle. It will b& understood that for 
maximum efficiency, eddy motion in the steam jet should 
be a minimum.

In 1869 it was proposed to make the injector steam 
inlet nozzle diverge towards its mouth or exit, so that the 
steam would expand within the nozzle down to the pressure 
of the medium into which it is flowing. The jet issuing 
from the nozzle is then of cylindrical form. The expansion 
of the steam within the limits of the nozzle ensures that the 
jet shall have maximum velocity as it leaves the same (for 
the lower the steam pressure at the nozzle mouth with a

given initial pressure the greater the velocity of discharge), 
and also that eddies in the jet shall be reduced to a 
minimum.

Fig. 5 shows an injector steam inlet nozzle with a diverg- 
ing mouth piece, and a steam jet issuing therefrom.

In live steam injectors, the angle of divergence of the 
steam nozzle is generally between 5 deg. and 15deg. If 
the angle of divergence be too great, eddies form in the 
jet and produce loss in velocity, whilst if it be too small 
the nozzle has to be of excessive length to provide for a 
proper degree of expansion of the steam issuing there- 
through. Eddies commence to form in the steam jet if the 
angle of divergence exceeds 6 deg. In Rosenliain’s experi
ments*  to determine the most efficient form of nozzle for 
developing the greatest kinetic energy pei’ poimd of steam

* Proc. Inst. C.E., vol. cxl., page 199.
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discharged, the best all-round results were given by a 
nozzle diverging at the rate of 1 in 12.
Fig. 6 shows in diagram form the fail of pressure within 

the diverging nozzle indicated at the top of the figure when 
the initial piessure is maintained constant, but the terminal 
pressure is varied. The absence of the violent oscillations 
observed in connection with fig. 4 will be noted.

The effect of varying the pressure in the exhaust space 
beyond the diverging nozzle from that of the jet which 
would issue from the nozzle after full expansion therein, is 
precisely the same as in the case of the short tube shown 
at fig. 4. Fig. 7 indicates the pressure oscillations in the
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exhaust space. The pressure at the nozzle mouth was 
about atmospheric.

In general it may be said that if the pressure of a steam 
jet issuing from a nozzle be greater than that in the region 
into which it is discharging, lateral expansion of the jet 
takes place immediately beyond the nozzle, and pressure 
oscillations are set up in said region of lower pressure.

Such oscillations become a minimum or vanish if the pres
sure of the jet leaving the nozzle is the same as the exhaust 
pressure, or pressure in the exhaust space, whilst if the 
latter pressure is higher than that which the jet would have 
after full expansion in the nozzle, the pressure rises in the 
nozzle at a distance from the mouth depending upon the 
amount of the exhaust pressure.
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To obtain the best results, the inlet edge of the steam 
nozzle should be slightly rounded, so as to obviate the 
setting up of eddy motions at the nozzle throat. If the 
inlet edge is excessively rounded, there is probably a cliok- 
ing action in the nozzle resulting in velocity loss. In

Rosenhain’s experiments before referred to, the be-st results 
were given by nozzles having only slightly rounded inlet 
edges.

Figs. 8 to 11 illustrate various forms of steam nozzle as 
used in live steam injectors. There would appear to be no 
necessity for the excessive length and convergence of the 
inlet end of some of the steam nozzles employed in in

jectors* (except it be that a hexagon is required on the 
nozzle exteriör). Fig. 12 shows the form of nozzle which 
gave the best all-round results in Rosenhain’s experiments.

The velocity of discharge of the steam from the exit

* A nozzle having a well-rounded inlet discharges more steam in a given time 
than a nozzle ha ving only a slightly-rounded inlet, and likewise a nozzle having: 
the latter form of iulet discharges more steam than one ha ving a Sharp inlet.
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end of a diverging steam nozzle depends upon the degree 
of expansion of the steam within the nozzle. If the steam 
is not expande-d within the nozzle down to the pressure of 
the medium into which it is fiowing, then it leaves the 
nozzle with some of its heat pressure energy unconverted 
into kinetic energy, and such energy will be absorbed by the 
feed water, which, in the case of the injector, surrounds the 
exit end of the steam nozzle. In this way, though the heat 
energy is not lost, yet it does not assist in increasing the 
velocity of discharge of the steam from the steam nozzle. 
On the othei’ liand, if the steam is over-expanded within 
the steam nozzle, the velocity of the jet will be sacrificed 
in order to increase the jet’s cross sectional area.*  It has

* The valne of the ratio of the velocity of the jet at the point where the proper 
degree of expansion is attained to that of the jet at the mouth of the nozzle may 
be taken as approximately equal to the ratio of the cross-sectional area of the 
nozzle at the mouth to that of the nozzle at the said point of correct expansion ; 

in other words, — = —, where V denotes velocity, A area, m nozzle mouth,

F1GS. 11 AND 12.

been found by experiment in connection with the diverging 
nozzles used in certain types of steam turbine that the 
velocity losses due to slight over-expansion within the 
nozzle are greater than those due to slight under-expansion, 
so that it is better to have the nozzle too short than too 
long. In faet, it is recommended that the nozzle be de
signed foi- slight under-expansion.

The following table, in which Am and At respectively 
indicate area of nozzle mouth and throat, and pv and p2 
boiler and exhaust steam pressure (absolute), gives 
sufficiently accurate values (for practical purposes) for the 
ratio of areas of nozzle mouth and throat for different 
ratios of initial and final steam pressures.

’ V«« Ax ’
and x the section of the nozzle where correct expansion is attained.
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T A B L E  1 .— T a b l e  o f  R a t i o s  o f  A r e a s  o k  N o z z l e  M o u t h  

a n d  T h r o a t  f o r  D i f f e r e n t  R a t i o s  o f  I n i t i a l  a n d  

F i n a l  S t e a m  P r e s s u r e s .

V a ln e s o f

Vi

Vz

1 - 7 3 2 4 8 1 0 2 0 5 0 7 0 1 0 0

Am
1 1-35 2 -0 7 2 - 4 3 6 3 - 9 6 6 7 ’9 8 1 1 - 5 5 1 3 - 8

I t i s  g e n e r a l ly  h e ld  th a t th e  b e s t f o r m  o f  th e  d iv e r g e n t  

p a r t o f a  n o z z le i s s l ig h t ly  c o n c a v e a n d  n o t c o n ic a l , a s  

u s u a l ly  m a d e , b u t o w in g  to  th e  e x p e n s e o f m a n u f a c tu r e ,  

s u c h  f o r m  i s  n o t c o m m e r c ia l ly  p r a c tic a b le .

A ll in je c to r s te a m  n o z z le s a r e m a d e  o f c i r c u la r c r o s s  

s e c t io n . T h is f o r m  i s p r o b a b ly  th e  m o s t e f f ic ie n t , a s i t  

w il l n o t  c a u s e  a n y  e d d y  m o tio n  in  th e  j e t , a n d  i t  i s  th e  m o s t  

e c o n o m ic a l to  m a n u f a c tu r e ; b u t p r o v id e d  a  n o z z le i s w e l l  

r o u n d e d  a t a l l p a r ts , th e  lo s s e s  d u e  to  e d d y  m o tio n  s h o u ld  

b e  n e g l ig ib le .O o

T o p r o v id e a n in je c to r s te a m  n o z z le o f th e o r e tic a l ly  

a c c u r a te p r o p o r t io n s f o r a n y s e r v ic e , i t w o u ld b e  

n e c e s s a r y  to  h a v e  a  f ix e d  s te a m  p r e s s u r e , s o  a s  to  o b ta in  

a  u n i f o r m  d e n s i ty  o f  s te a m  a t  th e  n o z z le  th r o a t a n d  a  f ix e d  

c o u n te i '- p r e s s u r e  o r  p r e s s u r e  a t th e  e x i t e n d  o f th e  n o z z le .  

S u c h  c o n d i t io n s  d o  n o t  o b ta in  in  p r a c tic e . T h e  n o z z le  m u s t  

th e r e f o r e b e  d e s ig n e d  to  g iv e a m a x im u m  e f f ic ie n c y a t  

m e a n s te a m  a n d  c o u n te r - p r e s s u r e s . I t m a y  b e b e s t to  

h a v e  o n e  f o r m  o f  n o z z le  f o r h ig h - p r e s s u r e  a n d  a n o t l ie r f o r  

lo w - p r e s s u r e -  s e r v ic e . T h e  c o u n te r - p r e s s u r e  w ill v a r y  o n ly  

w ith in  v e r y  n a r r o w  l im i ts .

I f a  s te a m  n o z z le i s r e a s o n a b ly  c o r r e c t in  d e s ig n  a n d  

i s w o r k in g  w ith in  th e  l im its o f p r e s s u r e  f o r  w h ic h  i t  w a s  

d e s ig n e d , i t s  e f f ic ie n c y  a s  a  m e a n s o f c o n v e r t in g  p r e s s u r e  

e n e r g y  in to  k in e t ic  e n e r g y  m a y  b e  a s  h ig h  a s  9 5  p e r  c e n t .

T h e  to ta l s te a m  in le t  a r e a  o f  a n  in je c to r  a d a p te d  to  w o r k  

w ith  l iv e  s te a m  o f a n y  u s u a l b o i le r p r e s s u r e  v a r ie s f r o m  

a b o u t 1 '8  to  3  t im e s  th e  a r e a  o f  th e  th r o a t o f  th e  d e l iv e r y
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nozzle.*  In exhaust injectors said ratio of areas is in- 
creased to about 16 to 1, on account of tlie lower density of 
the exhaust steam. These ratios are experimentally de- 
termined and vary according to the niean pressure of the 
steam dealt with, being greater for low than for high 
pressures. For example, if an injector be designed to work 
with a steam pressure of 160 Ibs. to 200 Ibs. per square 
inch, the area of the steam inlet nozzle throat may be 
about 1’96 times the area of tlie delivery nozzle throat; 
for 120 Ibs. pressure steam the ratio of areas may b& 2’56 
to 1, and for 60 Ibs. pressure steam 3’2 to 1.

* Formulæ are frequently given for determining the size of steam nozzle for any 
particular service. These formulæ are interesting, but useless, as tliey are based 
upon several assumptions as to ratio of steam to water, velocity of entering 
steam, velocity of entering feed water, etc, which it is impossible to make with 
any degree of acciiracy. A similar formula has not, tlierefore, been given here. 
Later tliere will be given an approximate method of determining the sizes of the 
nozzles of an injector from the results of tests on the latter.

The chief factors which have to be considered in deciding 
upon the size of steam nozzle for any injector are three. 
In the first place, sufficient steam must be admitted to the 
injector to give the requisite velocity to the entering feed 
water. Secondly, if the feed water is cold it will condense 
more steam per unit weight in a given time- than if it is 
hot, but as condensation must be completecl within tlie 
limits of the combining nozzle, the ratio of steam to water 
must be kept as low as possible when the feed water is 
hot. Thirdly, if the injector has to lift its feed water, 
the amount of steam admitted must not be sufficient to 
cause choking within the combining nozzle before the feed 
water is drawn into the appliance.

As the greatest wear of the steam nozzle takes place at its 
throat, the latter is frequently made with a straight or 
cylindrical portion there (see figs. 5 and 10) for a length 
equal to from about one-third to the diameter of the 
throat.

It is very usual to divide the total steam inlet ai’ea of an 
injector into two parts, the one part being of annular and 
the other of circular cross section. Fig. 13 shows one 
such arrangement. The nozzle a is known as the “ lifter ” 
or lifting steam nozzle, and the nozzle 6 as the “ forcer ” or
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forcing steam nozzle. Wlien the injector is lifting its feed 
water, the steam issuing from the nozzle a acts as an 
ejector to create a vacuum in the feed pipe, so as to lift the 
feed water and supply it at high velocity to the steam

jet issuing from b. The area of the lifting nozzle is con- 
siderably less than that of the forcer. To enable the steam 
from the lifter to escape, freely when the feed water is 
bøing lifted, a special overflow aperture as c is provided 
between the lifter and forcer.
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A  s team  co n tro l v a lv e su ch as  d, fig . 1 3 , is p ro v id ed  fo r  

th e  s team  su p p lies  to  th e lifte r an d  fo rcer w lien  th e  in jec to r 

is to lift its feed w ater. T h e first o p en in g m o v em en t o f  

sa id  v a lv e a llo w s s team  to  p ass to th e an n u la r “  lifte r  ” a, 
w h ilst fu rth er m o v em en t a llo w s s team  a lso to p ass to tlie  

“ fo rcer ” b.

T h e afo resa id arran g em en t o f d o u b le s team  n o zz les is  

m o re p o w erfu l fo r liftin g p u rp o ses th an a s in g le s team  

n o zz le , th o u g h  th e  la tte r is su ffic ien t fo r m o st se rv ices .

V e l o c i t y  o f  D i s c h a r g e  o f  S t e a m .

T h e  g en era l fo rm u la fo r o b ta in in g th e id ea l o r th eo r& ti-  

ca l v e lo c ity o f d isch arg e o f s team fro m  an o rifice in a  

v esse l is as fo llo w s  : —

V = J 2  g■ U (iii.)  

w h ere V  d ø n o tes v e lo c ity in  fee t p er seco n d , g accele ratio n  

d u e  to  g rav ity , an d U  th e n e t am o u n t o f w o rk p erfo rm ed  

b y  u n it w eig h t o f s team  d u rin g  ad m issio n  to  th e  d isch arg - 

in g  m ean s a t co n stan t p ressu re , ex p an sio n to th e ex h au st 

p ressu re, an d  d isch arg e a t th a t p ressu re.

If th e  ex p an sio n  is ad iab a tic , th en  U  w ill b e  i-ep resen ted  

b y the - w h o le o f th e av a ilab le h ea t en erg -y o r h ea t u n its  

b e tw een th e tem p era tu res o f sa tu ra tio n co rresp o n d in g to  

th e in itia l an d  fin a l s team  p ressu res (o r th e ad m issio n an d  

ex h au st p ressu res) m u ltip lied b y  th e d y n am ical eq u iv a len t 

o f a h ea t u n it. T h at is,

U  =  j I”H eat su p p lied u p to  H eat re jec ted l 

L p o in t o f ex p an sio n a t d isch arg e  J

a  J  { (^ 4 - - (t2 + x 2 L „) }  .... (v .)

w h ere J in d ica tes Jo u le ’s d y n am ica l eq u iv a len t o f a h ea t 

u n it =  7 7 8  fo o t-lb s. p er B .T .U .

E q u atio n (iii.) can b e ex p an d ed to in c lu d e (v .) w h en it 

b q co m es  

v J 2 g J + xY L x -  £ 2 -  x2 L 2) • • • (v i.)

w h ere  tx an d  t2, xx an d  a?2 , L 2 an d  L 2 in d ica te  th e th e rm o -  

m etric tem p era tu res , d ry n ess frac tio ns, an d  la ten t h ea ts o f

3  s i
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the steam before expansion and at the exhaust pressure 
respectively.

The value of x2 in the above formulæ having been 
obtained by means of a calorimeter, the value of x2 is given 
by the following formula : —

+ </>, - </>•_.

= —1------.............. .............................. (vii.)

T,

where ri\ and T2 = initial and final absolute temperatures, 
deg. Fah. ;

Lj and L2 = initial and final latent heats of steam ;

= drynesa fract ion of steam before expansion ;
</>! and </>2 = entropy of water at initial and final 

temperatures.

Aijplication of Formula, (v.).—To find the velocity of 
discharge of dry saturated steam issuing into the atmo- 
sphere from a boiler under an absolute pressure of 
200 Ibs. per square inch, we first prooeecl to find the value 
of x2 by formula (vii.); xr is unity, as the steam is dry.*

966

673

— -86 approximately.

From formula (vi.) we get

V = 7 64-4 x 77o (3817 + o44‘6 - 212 - ;86 x 966) 

= 3033 fr. per second.

If we consider the pressure volume diagram, fig. 14, in 
which the area Px Vx represents the work performed during 
the admission of unit weight (volume V,) of steam at pres- 
sure P15 and P3 V2 the work represented by th& steam (at

* The effect of initial wetness of the steam is to reduce the velocity of 
discharge.
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piessure P2 and of volume V2) after discharge is completed, 
and AB is the expansion curve, then the valne of U in 
the equation III. is given by the ishaded area of the figure.

The adiabatic expansion curve for steani is a particular 
case of the general formuk P1 Vf = constant (where P 
denotes pressure in pounds per square foot, V volume in

pounds per cubic foot of fluid at pressure and n the 
coefficient of expansion).* The area bounded by the expan
sion curve is obtained thus: —

/
v.,

P d V;

v, 

but P V“ = P, V ”;

P = Pi V “ 
yn ’

area
v., p vn

P1V1 - P3Vo 

n — 1

Snecific heat at constant pressure

Specific heaj at constant volume’
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T h e  v a lu e  o f U  i s  th e r e fo re

=  P T  V , + P l V l -~ . . P a- V ? -  

n —  1

=  I  — V 1 -  p « v ’ ) !■
( n — 1  )

B u t s in c e  V ” =  P 2  V 2 " ,

S u b s t itu t in g  1 4 4  p fo r P , w e  g e t

V  = i^gx — -x  1 4 4 x 7 ? !  v J  1  -  (£ ? ) „ L  (x .)  

V 7 1 — 1  ( Pi J

w h e re  V  =  v e lo c i ty  o f d is c h a rg e  in  f e e t p e r  s e c o n d ;

Pif Pi — in i t ia l a n d  f in a l a b s o lu te  p re s s u re s  in  p o u n d s  p e r  

s q u a re  iu c h ;

v 1 = v o lu m e  in  c u b ic  f e e t  o f  1  Ib . o f  f lu id  a t  p re s su re  px;
h =  c o e f f ic ie n t o f  e x p a n s io n  =  1 '1 3 5  fo r  d ry  s a tu ra te d  

s te a m , a n d 1 -3  a p p rd x im a te ly  fo r s u p e rh e a te d  

s te a m .

T h is  g iv e s  fo r th e  a d ia b a tic  e x p a n s io n  o f  d ry  s a tu r a te d  s te a m  

v  =  2 7 »  - (£ ■* ) ’" }  ■ ■ ■ ( ^ i .)

v ( xpg J

Application of Formula (x i .) .— T o  c a lc u la te  th e  v e lo c i ty  

o f  d is c h a rg e  o f d ry  s a tu ra te d  s te a m  i s s u in g  in to  th e  a tm o -  

s p h e re  f ro m  a  b o i le r  u n d e r  a n  a b s o lu te  p re s su re  o f 2 0 0  Ib s .  

■o e r s q u a re  in c h ,

V  =  2 7 9  (  2 0 0  x 2 -2 6  /  1 -  ( —  Y " ' l )

v  I ^ 2 0 0 ' J '

—  3 0 6 6  f t . p e r  s e c o n d .
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T h e fo llo w m g tab le g iv es th e ap p ro x im a te th eo re tic a l 

v e lo c ity o f d ry sa tu ra ted s team  in to th e a tm o sp h e re an d  

in to  a v acu u m  o f 2 8  in . m ercu ry . I t  w ill b e  n o ted  th a t th e  

v e lo c ity  d o es n o t in c rease  a t an y th in g  lik e  th e  ra te o f in -  

c rea se  o f th e  p re ssu re s. W h en  1 5 0  Ib s . p re ssu re  is  reach ed , 

th e ra te o f v e lo c ity in c rea se is v e ry s lo v v . T h e g rea t 

v a lu e o f th e v acu u m  w ill b e n o ted , an d a lso th e h ig h  

-v e lo c ity o f ev en ex h au s t s team  in to a v acu u m : —

T a b l e  II .

P ressu re  o f s team .  

P o u n d s  p e r sq u a re  

in ch  ab so lu te .

V elo c ity in  fee t  

p e r seco n d  in to  

a tm o sp h e re .

V elo c ity  in  fee t p e r  

seco n d  in to  v acu u m  

o f 2 8  in . m ercu ry .

1 0 2 6 7 7

1 5 2 9 0 0

3 0 1 6 0 2 3 2 6 3

5 0 2 1 0 8 3 5 1 0

7 5 2 4 2 5 3 6 7 1

1 0 0 2 6 4 5 3 8 0 4

1 2 5 2 7 7 7 3 9 0 5

1 5 0 2 9 0 0 3 9 8 3

1 7 5 3 0 0 0 4 0 5 0

2 0 0 3 0 7 5 4 1 0 0

2 5 0 3 2 0 7 4 1 9 0

W E IG H T F L O W  O F S T E A M .

T h e  w eig h t o f s team  d isch a rg ed  in u n it tim e is p ro p o i'-  

tio n a l to th e a rea o f th e o rif ic e th ro u g h  w h ich it is d is-  

ch a rg in g an d  to th e v e lo c ity o f d isch a rg e , an d in v e rse ly  

p ro p o rtio n a l to th e  v o lu m e o f u n it w eig h t o f th e s team  a t  

th e o rif ic e . T h a t is ,

W  = x *

*  T h e d ry n ess frac tio n  o f th e s team  is  h e re  n eg lec ted . F o r g rea te r  accu racy , 

fo r i> „ sh o u ld  b e  su b s titu ted .  x„ v., +  (1  -  x2) er w h ere  < r =  sp ec iflc  v o lu m e  o f 1 Ib .  

o f w ate r.

V.,
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N o w  p2 v2 = p.2 v.2l,

v„ = V2 

xp-i

S u b s t i t u t i n g  f o r  V  t h e  v a ln e  g iv e n  i n  f o r m u la  ( x . ) , w e  g e t

a v y^xl44x A i
W  =  A  v  =  A — _ _ _ _ _ _ _ _ _ _ n ~  1 _ _ _ _ <  >

'_______________________-(ff____________

L  h i s  e x p r e s s io n  i s  a  m a x im u m  f o r  a  g iv e n  i n i t i a l p r e s s u r e  

p1} w h e n

Cp -ä 2- a ? 2 \—  •
i  —  f n —  I - -  I • „ i s  a  m a x im u m  ;

T i 7 xPi7

t h a t  i s  ( b y  d i f f e r e n t ia t i n g  a n d  e q u a t in g  t o  z e r o ) , w h e n

o r
^2 

Pi

( 2 \ n
\----------i /”-1

n +  1  7
( x i i i . )

F o r t h e  a d ia b a t i c  e x p a n s io n  o f  d r y  s a tu r a te d  s t e a m , n = 

1  * 1 3 5 W  i s  t h e n  a  m a x im u m  w h e n  p., =  ‘5 7 7  p2.

O th e r  v a ln e s  o f  t h e  r a t io f o r d i f l f e r e n t k n o w n  v a l i j e s  o f

Pi
n, a r e  g iv e n  i n  t h e  f o l lo w in g  t a b l e  :—

T A B L E  I I I .

V a lu e s  o f  n. V a lu e s  o f

7 'i

1 - 4 • 5 2 8

1 - 3 • 5 4 6

10 

u • 5 8 2

1 • 6
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The above results have been verified by experiment. It 
is found in the case of the flow of dry saturated steam 
through a nozzle that if the initial pressure (/>1) of the 
steam be maintained constant whilst the counter-pressure 
(j a ) is varied, the weight of steam discharged in a given 
time remains practically constant until the counter-pressure 
rises to 0’58 of the initial pressure. There is always a 
certain section of the steam nozzle at or about its throat 
at which the steam pressure remains at 0’58 of the initial 
or boiler pressure until the counter-pressure exceeds this 
amount. If reference be made to ligs. 4 and 6, it will be 
søen how reluctant the pressure at the nozzle throat is to be 
influenced by varying counter-pressures.

If the valnes of — given in equation (xiii.) be substitnted 

in equation (xii.), the weight of steam discharged per 
second, under conditions of maximum weight flow, is given 
as follows : —

W = V (~T~i?2y x —- x 144^^ 
vL ' n + 1' v n + 1

= A (—7—?)'<■ i / 2 <j x —-— x I 44 x P-2 . (xiv.)
V 7 J n 4. 1 >1*

* A more correct approximation is W = -01654 A x p*»»»®.

where AV denotes pounds of steam discharged per second, 
A area of nozzle throat in square feet, n the co-efficient of 
expansion, pi the initial or boiler pressure in pounds per 
square inch absolute, and v2 the volume in cubic feet of 
1 Ib. of steam at pressure pL.

A simple approximat© formula for obtaining the weight 
of steam discharged per second through an orifice under 
maximum weight flow conditions is: —

W - 11^2 (Napier)  .... (xv.) 

where W = weight of steam discharged in pounds per 
second,

*

p = absolute pressure of boiler steam in pounds 
per square inch,

and A = area of nozzle throat in square inch.es.



24 THE STEAM JNJECTOR.

Application of Formula (xv.).—To calculate the quan- 
tity of steam discharged per second into the atmosphere 
from a boiler under an absolute pressure of 100 Ibs. per 
square incli through an orifice of 2 square inches cross- 
sectional area. As the exhaust or counter-pressure is less 
than "58 of the boiler pressar©, there will be a maximum 
weight flow through the orifice.

100 x 2

70

= 2’86 pounds per second.

By the aid of formulæ (xiv.) and (xv.), the area of an 
orifice for discharging a known quantity of steam in a 
given time can be calculated.

If the condition for maximum weight flow does not exist, 
then to calculate the weight of steam discharged in a given 
time, the following approximate formula must be used: —

A x V

V2
(xvi.)

where W denotes weight in pounds of steam discharged per 
second, A area of orifice or of nozzle throat in square feet, 
V the velocity of the steam in feet per second as it passes 
the nozzle throat, and v2 the volume in cubic feet of 1 Ib. 
of steam at the pressure in the exhaust space or space into 
whicli the steam is flowing.* The dryness fraction is 
negle ctecl.

Application of Formula, (xvi.).—To calculate the weight 
of steam discharged per seconcl through an orifice of l 
square- foot cross-sectional arr a, when the initial pressure is 
100 Ibs. per square inch absolute, and the final or exhaust 
pressure is 80 Ibs. per square incli absolute. We first calcu
late the velocity of discharge. Using formula (xi.), we get

V = 279 J 100 x 4-33

= 944 ft. per second ;

The value v2 should be multiplied by the dryness fraction for æreater
accuracy.
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v2 = 5’35 (from “Steam Tables”);

• w _ 1 x 944 
öW

— 176'4 Ibs. per second.'

If the valne of given in equation (xiii.), be substituted 

in equation (x), the velocity of the steam at the nozzle 
throat under maximum weight flow conditions is obtained 
as foliows : —

Vthroat ~ J 2 9 x ।  x 1^4 x • (xvii.)

It is perhaps hardly necessary to point out that whilst 
the velocity of the steam at the nozzle throat does not vary 
with variations in the pressure at the nozzle exit until the 
condition for maximum weight flow ceases to exist, the 
velocity of the steam at the nozzle exit varies with every 
variation in the pressure at the said exit, as will be reaclily 
appreciated from the velocity formulæ already given.

De s ig n  o f St e a m No z z l e s .

To determine theoretically the relationship between the 
areas of nozzle throat and mouth for correct expansion 
from any one pressure to a lower pressure, the conditions 
of the steam jet as to velocity, density, and dryness at the 
said points should be compared.

If A denotes area, V velocity, v volume, the suffixes vi 
and t nozzle mouth and throat respectively, and x the 
dryness fraction of the steam, then the following will be an 

approximate formula for calculating the said ratio of 
areas: —

Am = x l’m x X'n 

vi xt
(xviii.)

Application of Formula (xviii.).——To calculate tlie ratio 
of areas of the throat and mouth of a diverging nozzle in 
order to expand dry saturatecl steam of 100 Ibs. pressure 
per square inch absolute down to 1 Ib. absolute pressure.
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The pressure at the nozzle throat will be '58 of tho initial 
pressure, or 58 Ibs. per square inch absolute. The velocity 
of the jet at the throat and at the nozzle mouth after full 
expansion can be calculated by formula (xi.) and the dry- 

ness fractions by formula (vii.). We then get

Am  1553 x 330-36 x ‘7894
At ~ 3918 X 7-25 X -9649

= 147 approximately.

The above calculations are somewhat laborious. The 
following formula, by Zeuner, gives sufficiently correct 

results for practical purposes : —

A“  l;,;' - ... (xix.)

a < /(?.yTO_ fe)1”
V 'pp 'Pi

where Am = area of nozzle mouth.
At = area of nozzle throat, 
p1 = boiler pressure (absolute), 
p2 — exhaust pressure (absolute).
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A more simple approximate formula is—

This formula is used for valnes of —, not greater than 25.

For higher valnes of this ratio the formula is given as

Åm = -172 pi1)"4 + 07 . . . . (xxi.)
At xp./

The symbols in the last two formulæ have the same 
signification as in formula (xix.).

The curve, fig, 15, has been plotted from formula (xx.).
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CHAPTER III .

The Combining Nozzle.

Tu e  nozzle into which the steam and water issue after they 
have entered the injector is called the combining or mixing 
nozzle, foi’ in it the steam and water combine or mix, with 
the result that the steam. is condensed and a water jet alone 
pases through the nozzle exit. It is impossible to treat of 
the combining nozzle with anything like mathematical pre
cision, for there are so many different quantities to be con- 
sidered in relation thereto, and none of them. has a fixed 
value.

In the design of this nozzle, particular regard must be 
given to the following considerations : —

(1) The length of the nozzle must be such as to ensure 
the complete condensation of the steam jet, so that water 
alone passes through the nozzle exit.

(6) Its walls must converge at a rate corresponding 
with the rate of increase of density of the jet passing 
through the nozzle; that is to say, the jet must fill, and 
only fill, the nozzle at all points in its length.

(c) The inlet end of the nozzle must provide a guiding 
and supporting wall for the water as it enters the injector, 
and during the impact of the steam thereon.

(The question of the overflow and water Control arrange
ments of the combining nozzle are dealt with in Chapters 
IV. and V.)

In the consideration of the above points, the following 
should be borne in mind. In the first place, the volume 
of 1 Ib. of steam varies with the pressure of the steam, as 
does also the temperature. Secondly, the rate at which 
steam of a certain temperature can be condensed depends 
upon the temperature of the water by which condensation 
is being effected. Thus it would appear that a special 
length and shape of nozzle is necessary to suit different 
steam pressures and temperatures, and also different feed-
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water temperatures. Further, if the proportion of steam to 
water is increased or diminished, the cross-sectional area 
of the combined jet will be altered, as may also the rate of 
condensation of the steam. The velocity of the incoming 
steam and also of the water may vary either simultaneously 
or independently. The boiler or counter-pressure against 
which delivery is being effected may also alter. These 
points must affect any decision as to the best form of nozzle 
to be employed.

Thus to set the variable quantities out in full, they are : — 

(i.) Density of steam.
(li.) Temperature of steam.
(iii.) Temperature of feed water.
(iv.) Ratio of steam to water.
(v.) Velocity of incoming steam.

(vi.) Velocity of incoming feed water.
(vii.) Pressure in vessel being fed.

It is obviously impossible to design any one nozzle to 
meet, with the greatest efficiency, all the conditions which 
arise even under the most favourable circumstances. The 
nozzle must therefore be designed to suit certain conditions 
which are a mean between the extremes likely to occur in 
service; but this is not easily done. The difficulty in decid- 
ing upon the best proportions for the combining nozzle is 
evidenced by the variety found in the appliances of high- 
class inanufacturers.

Thus, combining nozzles of live steam injectors vary in 
length from, about 9 to 24 times the diameter of the delivery 
nozzle throat, this measurement being taken between the 
exit of the steam nozzle or, if two such nozzles are employed 
(see fig. 1 of the forcing steam nozzle and the throat of 
the delivery nozzle. The distance between the exits of the 
lif ting and the forcing steam nozzles, which also forms a por
tion of the combining or mixing area of the injector, varies 
between four to eight times the diameter of the throat of 
the delivery nozzle.

For what is known as “hot-water” injectors, that is, 
injectors designeel to deal with high-pressure steam and hot 
feed water, the length between the forcing steam nozzle
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exit and the throat of the delivery nozzle is generally from 
15 to 24 times the diameter of the throat of the delivery 
nozzle. It will be understood that the liotter the feed water 
and the higher tlie temperature of tlie steam, the longer 
will it take to effect complete condensation of the steam.

It would appear to be possible to vary tlie length. of the 
combining nozzle within fairly wide limits without veiy 
materially affecting tlie efficiency of the injector. Injec- 
tors have been tried with the length of the combining 
nozzle only four times the diameter of the delivery nozzle 
throat. The jet from the combining nozzle will, however, 
be given greater stability if passeel through a nozzle of

greater length. It is impossible to calculate the exact 
length of nozzle required to ensure complete condensation 
of the steam jet. Tests of an injector with different 
combining nozzles of varying length. can alone deteimine 

the best nozzle for any service. .
The rate of decrease in the diameter of the combining 

nozzle towards its exit end is in most injectors uniform; 
that is, tlie difference between the diameters at any two 
equidistant sections is the same, the nozzle thus being ot 
conical form. In some cases, however, tlie rate of decrease 
is more rapid at first, as the condensation of the steam will 
be more rapid when it first meets the feed water. Thus
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combining nozzles are made with a taper varying from 
15 deg. at the inlet end to 5 deg. at the outlet end.

The combining nozzle is subjected to considerable wear 
if the feed water contains solid matter in suspension. This 
is especially marked at the point where the steam first 
strikes the water and drives the solid matter against the 
sides of the nozzle. The effect is to groo ve the nozzle and 
change its form. The first or inlet portion of the combining 
nozzle is therefore frequently made separate from the 
remainder so that it can be renewed when necessary. Such 
separate inlet portion is termeel the “ water nozzle,’’ “ draft 
tube, or “ lifting cone.” This form of combining nozzle 
is illustrated in fig. 16, where a indicates the “ draft tube.”

The combining nozzle has a long life if the feed water is 
pure. Hence the advantage of carefully filtering the water 
passing to the injector.
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CHAPTER IV.

The Delivery Nozzle.

Th e jet of water which leaves the combining or mixing 
nozzle of an injector is travelling at a high velocity—a 
velocity higher than that with which a water jet would 
issne from the boiler being fed—but merely to direct the 
high velocity jet against the water within the boiler would 
be- a very inefficient niethod of utilising that jet, for the 
latter would strik© the mass of water in the boiler with 
great violence, and its energy be to a large extent dissi- 
pated in the form of eddies. This effect would be increased 
in proportion to the increase in the velocities of tlie water 
tending to enter and that tending to leave the boiler.

The object which mast be had in view in the treatment 
of the jet leaving tlie combining nozzle is to reduce its 
velocity and increase its pressure till the latter exceeds 
that within the boiler being fed. Such object is attained 
by causing the jet leaving the ponverging combining nozzle 
to pass through a diverging delivery nozzle.

The diverging nozzle has received a de-gree of attention, 
apart altogether from its connection with the subject of 
injectors, on account of the faet that by its aid the quantity 
of water discharged through an orifice in a given time can 
be increased, the theoretical rate of increase being in tlie 
ratio of the cross-sectional area at the diverging nozzle 
mouth or outlet to the cross-sectional area at the diverging 
nozzle throat, if the jet is able to fill the diverging nozzle 
completely. Many investigations have been made on the 
best form or taper of nozzle to give a maximum rate of 
delivery from a tank or vessel being emptied.

In connection with injectors, it will be readily underst ood 
that the water passing through the delivery nozzle mnst 
completely fill the latter, due to the pressure against which 
delivery is being effectecl resisting the free flow through 
the nozzle, and that if said nozzle be cut through at several 
points the same weight of water will pass each section
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in a given time (assuming the water density tu remain con- 
stant), notwithstanding variations in the areas at tlie 
respective sections; that is to say, the velocity of the 
water jet multiplied by its cross-sectional area is a con- 
stant for all sections. It follows, therefore, that velocity 
and area vary inversely, and since the- area changes as 
the square of the diameters at the various sections, the 
velocity will change inversely as the square of ilie 
diameters.
The velocity at any section of the delivery nozzle is 

obtained from the equation—

Velocity in feet per second at any section

volume in cubic feet passing per second 

area of section in square feet

<7X2 Vi — ^22 = constant,

(12 Vv2=^................... (xxii.)

— diameter at nozzle inlet,

— diameter at any section 2 of nozzle,

— velocity at nozzle inlet,

— velocity at any section 2 of nozzle.

of formula (xxii.) a velocity curve can be 
plotted for any known form of nozzle if the velocity of the 
water jet aa it enters the nozzle is known.
[f the diameter dx of, and also the velocity Vx at, the 

inlet end of the diverging nozzle are known, then the 
diameter d2, which corresponds with the velocity V2 at 
any section, is given by the following formula—

or, since

we may write

where dx

d2

and V2

tlie aid

This formula enables a nozzle to be designed to give a 
known velocity curve for the jet passing therethrough.
The pressures at any two sections of the diverging nozzle 

vary with the sqiiares of the velocities thereat. If the 
velocity Vj at the entranc© tc +he nozzle is known, and

4 si
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also the velocity V2 at any section 2 of the same, then thø 
difference between the squares of these velocities plus the 
fluid head H1 at the entrance to the nozzle represents the 
head at section 2. That is,

Head at section 2
* 2 V 2

* 11___ Il + Hr........................ (xxiv.)
2<7

or, as head in feet

pressure in pounds per square foot 

weight per cubic foot

we may write

* 2 = VL - Vf + Pi.
iv 2 g w

If we take pressure in pounds per square inch

head in feet 

2-3 ’

then p2, or pressure at- section 2

_ V? - V/ + Hj

2 ry x 2-3 2-3
(xxv.)

The pressure of the jet at the entrance to the diverging 
delivery nozzle varies with the temperature of the jet. As 
the mixing of the steam and water is assumed to be com- 
pleted in the combining nozzle, the temperature of the jet 
entering the delivery nozzle may be taken as the same as 
that of the water delivered from the injector.
The diagram, fig. 17, shows the diverging portion of 

an injector delivery nozzle so proportioned as to cause a 
uniform retardation in the motion of a jet passing tliere- 
through; that is to say, the difference between the 
velocities of the jet at any two equidistant sections is the 
same. A velocity curve for an initial velocity of 200 ft. 
per second, and the corresponding pressure curve (the 
initial pressure being for convenience considered as zero), 
are plotted at the upper portion of the figure.
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The diameters of the various indicated sections of the nozzle 
are as follows : —

Section 1  Diameter 1 or unity. 
„ 2 ............................ „ 1'069.
„ 3  „ 1-154.
„ 4  „ 1-265.

„ 5  „ 1’415.
„ 6  „ 1-632.
„ 7.  „ 2-000.
„ 8  „ 2-828.

Fig . 17.
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It will be noted that tbe increase in diameter of the 
nozzle is at a fairly uniform rate up to section 5 and then 
becomes more rapid, reaching the maximum at the exit 
of the nozzle. The pressure curve rises very abruptly 
right from the throat or inlet end of the nozzle.

Fig . 18.

It has been suggested that the correct form of delivery 
nozzle is one< in which pressure energy is produced at a 
uniform rate; that is, the difference between the pressures 
at any two equidistant sections of the nozzle is the same. 
The diagram, fig. 18, shows a nozzle designed to give this 
result, the upper portion oi the diagram giving the pres
sure and corresponding velocity curves for such nozzle. 
The fina] pressure is taken as 200 Ibs per square inch and
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the initial pressure as zero. The diameters of the nozzle 
at the different equidistant sections are as follows : —

Section 1  Diameter 1 or unity.

„ 2  „ 1-034.

„ 3  „ 1-074.

„ 4 ......................................... , 1-124,

„ 5  „ 1-188.

„ 6  „ 1-276.

„ ‘ .......................... „ 1-411.

„ 8  „ 1-673.

„ 9  „ 4-152.

It will be seen that the rate of increase in the diameter 
of the nozzle is very slow right up to section 8.

It is found in practice that if the jet contain any solid 
matter, abrasion of the deliveiy nozzle takes place chiefiy 
around the throat or first portion of the latter. It is usual 
practice to make the d&livery nozzle of cylindrical form at 
the throat for a length equal to the diameter of the 
throat, as shown at fig. 19.

If the form of the nozzle be such as to cause a very sudden 
increase in the pressure of the jet at a point near to the 
throat of the nozzle where the velocity is high, the jet sets 
up a strong abrading action on, and tends to groove, the 
nozzle surface at that point. In this respect the form of 
nozzle shown at fig. 18 is better than that shown at fig. 
17. Towards the delivery end of the nozzle the velocity 
of the jet is small, and wear is reduced to a minimum.

In most injectors the delivery nozzle has a plain, conical 
throughway aperture, as this form of nozzl& lends itself to 
economical manufacture. A nozzle of this type is illus- 
trat&d at fig. 20, which also gives corresponding velocity 
and pressure curves when the entering velocity is taken as 
200 ft. and also as 100 ft. per s&cond. It will be seen that 
with this type of nozzle there is at first a rapid rise and 
then a slow rise of pressure which will result in the prcduc- 
tion of eddying motions in the jet between the sections 1
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and 4, causing loss in velocity and probably grooving of the 
nozzle. The angle of clivergence of the walls of conical 
delivery nozzles is usually abo ut 5 deg. At the moutli or 
exit the nozzle is rouuded, as shown in fig. 20.

Fig. 21 shows a design of delivery nozzle as forind in 
some injectors, the upper portion of the figure giving 
velocity and pressure curves for the nozzle. It will be seen 
that the pressure curve is of very even form.

Makers are not in agreeme-nt as to the best length and 
form of nozzle to employ to effect the requirecl conversion of 
kinetic into pressure energy. The length of the delivery 
nozzle varies in different injectors from 10 to 16 times the 
diameter of the nozzle throat.

Fig. 19.

The correct proportioning of a diverging nozzle, to re- 
dtioe the velocity of the jet passing theivthrough. to a 
certain amount, depends upon the velocity of the jet as it 
enters the nozzle. In the case illustrated at fig. 17, where 
a velocity curve has been plotted for an initial velocity 
of 100 ft. per second, the final velocity is 5 ft. per second; 
but when the cntering jet travels at 200 ft. per second the 
final velocity is 10 ft. per second. It would appear, there- 
fore, tliat different designs of nozzle should be employed 
for high and low jet velocities in order to obtain the most 
efficient action; otherwise if the nozzle be designed for a 
low velocity jet, and a high velocity jet be employed, the 
latter will leave the delivery nozzle with an unnecessarily 
large amount of its kinetic energy unconverted into pres
sure energy. The point is, however, of more importance 
from a theoretical than from a practical standpoint, as
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even with such widely different initial velocities as 100 ft. 
and 200 ft. per second the difference in the final velocities 
is only 5 ft. per second.

Experiments on injectors with deliveiy nozzles of various 
forms cleai'ly demonstrate the importance of having the

angle of divergence or the taper of said nozzles neitlier too 
great nor too small. A 5-deg. taper is a very satisfactory 
one. If no delivery nozzle whate<ver is employed, the 
maximum delivery pressure obtainable with the injector is 
very greatly reduced.
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The delivery nozzle of an injector is of the greatest im
portance, as the diameter of its throat or portion of 
smallest cross-sectional area is the size by which the 
capacity of the injector is determined and with which the 
other dimensions of the injector are compared. The quan-

tity of water delivered by two injectors under similar con- 
ditions varies with the square of the diameter of the throat 
of the delivery nozzle.

The area of the delivery nozzle throat to pass any par- 
ticular quantity of water in a given time depends upon tlie



THE DELIVERY NOZZLE. 41

velocity and density of the water as it passes the throat; 
that is,

a “v Vd ................. (x x v L)

where A = area in square feet,

Q = quantity of delivery water in pounds per second,

V = velocity of water in feet per second, 

and 1) = density of water in pounds per cubic foot at 
the delivery temperature.

The actual weight of water passing through the delivery 
nozzle is, of course, made up by the total weights of steam 
and water entering the injector. The water velocity at 
the delivery nozzle throat may for the purpose of the above 
calculation be taken as 25 per cent greater than that with 
whicli a jet would issue from the boiler being fed.

From the foregoing the following general conclusions 
may be drawn as to the design of a delive-ry nozzle: —

(2) The nozzle should not be too short, or the quick 
change of cross-sectional area required to obtain the neces- 
sary reduction in the velocity of the jet will set up eddying 
motions, and so impair the power of the jet. In other 
words, there should not be a vei'y abrupt rise in the 
pressure curve.

(3) The form of nozzle should provide for a fairly regular 
rate of conversion of velocity into pressure so as to produce 
stability in the jet. In other words, the pressure curve 
should not have any clecided humps upon it.

(4) The nozzle surface should be as sniooth as possible, so 
as not to produce eddying motions in the jet, and to offer 
a minimum of resistance to its flow.

Table IV. gives the approximate cleliveries of 
different sizes of live steam injector when fitted non-lifting, 
with the feed water temperature about 60 deg. Fah. An 
increase in the said temperature, as also the fixing of an 
injector above the level of the feed water, causes a diminu- 
tion in the delivery.
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On the subject of the losses in diverging nozzles through 
which water is flowing, Professor A. H. Gibson, D.Sc., has 
conducted an extended series of experiments, the results of 
which are given in an article entitled “ The Conversion of 
Kinetic to Pressure Energy in the Fiow of Water through 
Passages having Divergent Boutidaries,” which appeared in 
Engineering of February 16th, 1912.

The most important portion of such article, so far as the 
injector is concerned, is given below, by the kind permission 

of the proprietors of the above-mentioned journal.
The article also deals with trumpet-shaped pipes or 

nozzles, and it was fouud in this case tbat the most efficient 
nozzles were those in which the loss of head per unit length 
of the passage was constant. Compound pipes or passages 

are also dealt with.
Referriug to uniformly tapering pipes, the writer states : 

“It would naturally be supposed that by enlarging the 
section gradually, shock and -consequent eddy formation and 
loss of energy would be reduced, and to determine the 
extent to which this conclusion is justified a series of experi
ments on uniformly tapering pipes was carried out. Some 
of these were of circular cross-section, others were square, 
and others rectangular, with one pair of sides parallel. The 
ratio of final to initial areas ranged between 2'25 to 1 and 
9 to 1, the larger diameters being 3 in., while the larger end 
of the square and rectangular pipes had the same area as the 
circular pipes. The mean results of these experiments are 
shown in figs. 22 and 23, from which the foHowing conclusions 

are to be drawn :—
(a) In a circular pipe, with uniformly diverging boundaries, 

the loss of head, expressed, h s a percentage of - v.i)1 4- 2 g, 
varies somewhat with the mean diameter of the pipe, and 
with the ratio of final to initial area, as well as with the 
angle (9, between its opposite faces. For values of 0 
between 6 deg. and 35 deg. the differences are comparatively 
small, and the loss of head is given fairly accurately by—

Loss = 0-011 Ø1-22 feet,
2 <7

where t) is measured in degrees.
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The minimum loss of head is attained with a valne of 0 in 
the neighbourhood of 6 deg. This is, of course, due to the 

faet that the loss is made up of two parts, due respectively 
to wall friction and to shock following enlargement of
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section. As is reduced, the length of pipe, and therefore 
the friction loss, is increased; and for valnes of 0 less than 
6 dpg. the increased friction loss more than counterbalances 

the reduced shock loss.

1 ~-^= 20 k) -Jo -&O ' -60 -70Rad^

v .b) -Angles betweenDivergent Sides of .Pipes.

Fig . 23.

As 0 is increased, the loss rapidly increases, and attains a 
maximum, greater than 100 per cent in every case, for a 
value of 0 in the neighbourhood of 65 deg. The value of 
which makes the loss equal 100 per cent, varies from 40 deg.
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to 60 deg., and it is important to note that a sudden enlarge- 
ment of section is more efficient in the conversion of kinetic 
into pressure energy than a gradual enlargement in whicli 
the angle 0 is greater than this critical valne.

(b) In pipes of square section the loss is a minimum when 
6 is approximately 6 deg., and attains a value of 100 per 
cent when 6 is between 25 deg. and 30 deg.

(c) In rectangular passages having one pair of aides 
parallel, the loss is a minimum when 6 is approximately 
11 deg. It varies little wich the size of passage and with 
the ratio of enlargement, and is given with fair accuraey, for 
values of 0 between 10 deg. and 35 deg., by the relation- 
ship—

Losa = 0-0072 Ø1’4 feet.
2 <7

The maximum loss is obtained when 0 is about 70 deg.; 
while the critical value of 0, above which the loss is greater 
than at a sudden enlargement of section, varies from 32 deg. 
to 40 deg.”
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CHAPTER V.

Overthrow Arrangements.

Th e object of the overflow arrangements of an injector is 
to provide for the bye-passing or release of the jet within 
the combining nozzle, when said jet is unable from any 
cause to overcome the pressure in the vessel being fed 
and so travel from the injector through the delivery pipe.

The causes which may operate to prevent delivery 
against the pressure in the boiler being fed are numerous, 
but may be briefly summed up by the statement that the 
jet leaving the combining nozzle has not both the proper 
density and velocity to eft’ect delivery. Thus the ratio 
of steam to water passing into the combining nozzle may 
be too great or too small. In the former case the velocity 
is high enough, but the density of the jet is too low. In 
the latter case the density may be right, but the velocity 
is too low.

The importance of the overflow arrangements is par- 
ticularly emphasised when the injector is fitted above, and 
therefore has to lift its feed water. In this case there 
may be steam only passing into the combining nozzle for 
a short period.

If no means are provided for the escape of the contents 
of the combining nozzle when delivery from the injector 
is not taking place. the entering steam will, in the absence 
of a non-return valve, force its way down the feed-water 
pipe and heat the feed water. If such a non-return valve 
is provided, then the appliance simply remains inoperative.

In tlie earliest injectors, as illustrated at fig. 1, a gap 
was left between the combining and delivery nozzles to 
form the overflow passage. It will be noticecl that this 
gap is placed at the portion of the injector where the 
nozzles are of smallest diameter. When this type of 
injector is to lift its feecl water, the steam supply has to 
be reduced for starting purposes (by the spindle valve 
shown in fig. 1), otherwise the steam would be throttled in



48 THE STEAM INJECTOB.

the combining nozzle and the production of a vacuum in 
the feed supuly pipe prevented.

If an injector is unable to rapidly clear itself uf steam 
when re-starting, so as to allow of the production of a 
vacuum in tlie feed-water pipe witliout reducing the steam 
supply, it is a non-automatic appliance.

In 1871 it was proposed to provide an additional over
flow outlet at a point in the combining nozzle where the 
latter is of large diameter. The arrangement is illustrated 
at fig. 24, a indicating the usual overflow aperture between 

Fig. 24.

the combining and delivery nozzles, and & the additional 
aperture. There is a valve c upon the overflow pipe from 
the injector.

It is of the utmost importance in the consideration of 
the overflow arrangements of any particular injector to have 
an accurate knowledge of the pressure conditions at the 
various points in the combining nozzle where said arrange
ments are to be pro vided.

For example, in all injectors a high degree of vacuum 
exists during the normal working of the appliance at the 
point where the steam and water first meet (i.e., at the 
mouth or inlet end of the combining nozzle), due to the 
rapid condensation of the steam. The intensity of such 
vacuum gradually diminishes as the jet approaches tlie 
delivery nozzle, due to the increase both in the tempera-
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ture of the water in the jet and in the density of the jet, 
and to the lessened cross-sectional area of the combining 
nozzle.

The temperature» of the jet at a (fig. 24) under 
ordinary working conditions, be equal to, above, or below 
212 cleg. Fah., and the pressure there, therefore, equal to 
above or below atmospheric; but at 6 the pressure 
is always considerably below atmospheric. The injector 
may therefore create a vaeuum in the overflow chamber, 
and if said chamber communicates freely with the atmo- 
sphere draw in air through the overflow pipe. The valve 
c (®g’- 24) prevents such. inflow. Inflow of air to the

Fig. 25.

combining nozzle, due to leaky overflow valves or other 
causes, is a very serious hindrance to the proper working 
of the appliance, and also results in the presence of 
excessive quantities of air in the exhaust steam of the 
engine worked from the boiler fed by the injector. Such 
air impairs the action of the condensing plant, and reduces 
the vaeuum in the exhaust pipe.
Fig. 25 illustrates in diagram form, the variations in 

pressure in the combining nozzle of an exhaust injector.
If the pressure conditions at the various overflow aper- 

tures are not considered when deciding upon the nature

5 si
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of the overflow arrangements, therø may, for example, be 
a vacuum of 20 in. mercury (5 Ibs. pressure per square inch 
absolute) at one pointi (as at b, fig. 24), and a pressure 
above 5 Ibs. per square inch absolute at another (as at a, 
fig. 24), and the two points may be freely communicating

Fig . 26.

with a common overflow chamber. Such. a condition must 
result in a circulation of vapour from the point of higher 
pressure to that of lower pressure, which will tenel to 
spread and break the jet at the former point.

Fig . 27.

When the problem of constructing an injector capable of 
working with exhaust in place of “live” steam was 
seriously taken in hånd, the importance of the above be- 
carøe evident, for owing to the large volume of steam to
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be dealt with a very large overflow area was necessary 
(when the injector was starting) near to the inlet end of 
the combining nozzle, where a vacuous condition exists 
during normal working.

The solution of the problem lay in the provision of means 
in the combining nozzle that would open and provide a 
large area for overflow purposes but close during normal

ra

Fig . 28.

working, when the nozzle would present an unbroken 
passage for the jet flowing therethrough.

One form of the first proposal on the above lines is 
illustrated at fig-. 26. When the injector is starting the 
hinged flap a moves outwardly about its pivot pin, and so 
provides a large area for the free escape of the contents 
of the combining nozzle, but when it is working normally
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the flap is closed, due to the difference of the pressures in 
the nozzle b and in the overflow chamber c. Iheie is thus 
during normal working an unbroken passage for the jet 
travelling through the combining nozzle.

Many other proposals have been made for automatically 
opening and closing an overflow aperture in the combining 
nozzle of an injector. A few of the more important, 
which have come into extensive use, are given below.

Fig. 27 shows an arrangement comprising a separate 
compartment a, with a non-return valve b thereon, around 
tlie overflow gap c. The valve b acts in a similar maimci 
to the flap in fig. 26. Fig. 28 is an external view of an 
injector constructed as shown in fig. 27.

Fig . 29.

One form of the Gresham automatic sliding nozzle injector 
is shown at figs. 29 and 30. In this arrangement the steam 
from the passage B, after passing through the steam nozzle 
1, enters the lifting cone 2, where it meets the water from 
the water-inlet pipeD. When the injector is starting, and 
is unable to deliver into the boiler b&ing fed, the pressure 
in the space F acts on the sliding combining nozzle 3 to 
force it towards the delivery nozzle 4, so providing a 
large overflow gap at E, through which. overflow takes 
place to the chamber C. When, liowever, the injector oom- 
mences to work normally, the delivery pressure rises, and, 
acting in the space G upon the nozzle 3, forces it towards
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the inlet end of the injector, so closing the overflow gap 
E, and providing a practically unbroken combining 
passage. The injector here illustrated is of the combina- 
tion or self-contained type, comprising steam valve A, 
delivery stop valve, water regulator, and back-pressure

Fiq . 30.

valve J on the delivery passage H. If it is desired to warm 
the water in the feed tank with an injector of this type, 
the cock (called the warming cock) on the overflow pipe 
C is closed, when the steam from the steam nozzle passes 
down the water inlet pipe D.
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Another sliding nozzle injector is shown at fig. 31 with- 
out the control fittings of the combination type. In this 
injector a is the sliding combining nozzle and 6 the steam- 
inlet nozzle.

A modificatioii of the sliding-nozzle arrangement is 
shown at fig. 32. In this a collar or ring a slides upon tlie 
exteriör of the combining nozzle, and opens or closes the 
outlet from the chamber b, containing an overflow gap, 
according to whether the injector is starting or is working 
normally. An external view of this type of injector is 
given in fig. 33.

With the arrangement illustrated at figs. 26 to 33 the 
action of the injector becomes automatic; that is to say, 

Fig . 31.

the injector can automatically start or re-start after a 
stoppage, for the opening and closing of the overflow 
apertures is automatic. The injector can therefore rapidly 
clear itself of steam when starting (without the steam 
supply being reduced), and allow of the production of a 
vacuum in the feed-water pipe to draw in the feed water.

With the advent of what are known as “hot-water” 
injectors, or injectors intended for dealing with hot feed 
water and high-pressure steam, it has become necessary 
to provide for the closing not only of the overflow passage 
near to the inlet end of the combining nozzle, but also of
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that near to the outlet end of the latter, for the tempera
ture of the water jet at the latter point is higlier than 
212 deg. Fah, and its pressure greater than atmospheric.

The following table gives typical examples of the 
pressure at the overflow gap between the combining and 
delivery nozzles when the feed water is hot and the steam  
pressure high. Of course, such overflow pressure should, 
under perfect conditions, be an amount exactly corresponcl-

Fig . 32.

ing with the temperature of the jet, but in practice it 
varies with the pressure against which delivery is being 
effected.

TABLE V.—Sh o w in g  Pr e s s u r k  a t  Ov e r f l o w  Ga p b e t w e e n  

Co m b in in g  a n d  De l iv e r y  No z z l k s  o f  a n  In j e c t o r .

Steam pressure.

Lbs. per sq. in. absolute.

Feed-water 
temperature. 

Deg. Fah.

Pressure at overflow gap 
between combining and 

delivery nozzles.
Lbs. per sq. in. absolute.

200 126 40

205 126 43

210 126 47

215 126 50

220 126 55
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The Control of said overflow pressure can be efi'ected. by 
providing a screw-down valve on the overflow chamber of 
any of the injectors illustrated in figs. 26 to 33, but this 
will be at the sacrifice of the automatic properties of the 
appliances, for should the jet passing through the com- 
bining nozzle break from any cause, the screw-down over
flow valve will prevent its escape; the steam will then force 
its way down the feed-water pipe.

The object to be had in view with the hot-water injector 
must be, therefore, to provide automatic means for loading

Fig . 33.

or closing (during normal working of the applianoe) the 
overflow aperture or apertures at which the pressure is 
greater tlian atmospheric.

The force for such automatic loading or closing of the 
overflow must be one dependent upon the working of the 
injector; that is to say, the force must only be operative 
when the injector is working normally. Such force is, to 
a certain extent, to be found in the pressure in the delivery 
chamber of the injector. The limita tion in the application 
of this force is that, even when the injector is not working 
normally, or no delivery is taking place therefrom but
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steam and water are flowing thereto, a considei'able 
pressure may exist in the delivery chamber.
Whilst makers generally employ the pressure in the 

delivery chamber of the injector to load the overflow valve 
or close the overflow apertures, thev adopt various means 
for neutralising the effect of the pressure existing in that 
chamber during the starting of the injector.
Automatic loading of the overflow valve by means of the 

pressure in the delivery chamber is pro vided for in the 
injector illustrated at fig. 34, where the valve-like head b 
of the overflow valve c, is exposed to the delivery pressure.

Fio. 34.

No means are provided for neutralising the effect of said 
pressure upon the valve c when the injector is starting, 
consequently there is a throttling action upon the overflow 
which impairs the lifting and re-starting powers of the 
appliance. It will also be seen that all the overflow has 
to pass the valve c. The overflow from the compartment 
d, which has a free valve e thereon, is not independent of 
the overflow from the remainder of the overflow chamber, 
which it should be for most efficient working.
In the arrangement illustrated at fig. 35 the overflow 

aperture a for the lifting steam nozzle b is placed in a
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separate and entirely independent compartment c, having 
a free non-return valve cl thereon. A discharge through 
the valve cl can take place whenever the pressure at a 
exceeds that of the atmosphere. This will only be when 
the injector is starting or “ knocks off.” A second over
flow aperture is controlled by a flap e, and a third, namely 
f, discharges into the chamber g, having a valve h thereon 
loaded through the piston and lever i j by the pressure in 
the delivery chamber k. The areas of the piston i and 
valve h are such as ensure the opening of the valve when 
starting. The valve cl opens independently of the valve h. 
Throttling of the lifting steam jet is thus entirely obviated.

Fig. 36 shows a right-hand vertical combination injec
tor of the type illustrated1 at fig 35, and fig. 37 a non- 
lifting injector of this type.

Fig . 35.

In the arrangement shown at fig. 38 the delivery nozzle 
a slides through the wall b under the influence of the dif
ference of the pressures at its two ends, that at the delivery 
end being in part counteracted by the spring c. When 
the injector is starting, the steam from the lifting nozzle 
cl escapes freely past the flaps e, whilst the nozzle portions 
f and a slide towards the delivery end of the appliance, 
being assisted by the spring c. When the injector is 
working normally tlie- flaps close and the nozzle portions 
f a slide towards the injector inlet end, as shown; all 
communication between the interiör of the combining 
nozzle and the overflow chamber e is then cut off.
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Fig . 36.
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Fig. 39 shows a modification of the injector illustrated 
at fig. 38. In this ca.se the spring c is dispensed with, as 
the delivery nozzle a responds to the difference of pressures

at its two ends sufficiently to give satisfactory working. 
A hand-operated levei- g is, however, provided for the posi
tive actuation of said nozzle if required. The first over-
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flow apertures are closed by flaps e as shown. This injec- 
tor is of the combination type, adapted for direct connec- 
tion by the flange h, containing steam and delivery pas
sages to the boiler front plate.

Fig . 38.

Figs. 40 and 41 show a similar type of injector to that 
illustrated at fig. 39, but of tlie horizontal pattern for 
fitting below the water level. Fig. 41 is a plan view df 
the injector shown in gectional elevation at fig. 40.

Fig . 39.

Another arrangement is shown at fig. 42. In this the 
fluid in the delivei’y chamber a cannot obtain free access 
to the overflow valve stem b to load the latter, but is con- 
trolled by a spring-loaded valve c so as to prevent such
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access until the pressure in the chamber exceeds a certain 
amount.

An arrangement in which the delivery chamber forms an 
overflow chamber when the injector is starting is illus- 
trated at fig. 43. The only overflow aperture from the 
combining nozzle is at a. When the injector is starting, 
the steam escaping therethrough forces open tlie valve 6. 
The latter then abuts against and opens the valve c, per- 
mitting free escape from the delivery chamber cl. The 
valve b is of greater area tlian the valve c. When the 
correct proportions of steam and water are passing through 
the combining nozzle, a vacuum is created at tlie aperture 
a, and the valve b is forcecl on to its seat. The valve c 
is then returned to its seat by the delivery pressure, and 

d

Fin. 40.

delivery takes pla.ce past the valve e. Fig. 44 is a view 
showing an injector of tlie type illustrated at fig. 43, but 
without the steam valve.

In the overflow valve control arrangements illustrated at 
figs. 44 to 48, a shuttle valve s is provided in a sleeve h, 
its function being to control the admission of steam to the 
chamber c, into which the piunger o1 of the ovei’flow valve 
o projects. It is by this admission of steam that pressure 
is put upon the overflow valve and the injector thus trans
formed into the “ hot water ” type.

The shuttle valve is arranged to be acted on at one end 
by the pressure in the delivery chamber through the pas
sages p, and at the other end by steam derived through 
the passages v, v from the throat of the steam nozzle, wbere
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the pressure is always below that of the boiler. The 
delivery passage, on the other hånd, is always at or above 
the boiler pressure when the injector is at work. The 
i'esult of this arrangement is that a large differential pres-

Fig . 41.

sure is ensured under all circumstances for the proper 
actuation of the shuttle valve.

The action at starting is as follows : When the steam 
is turned on to the injector, the pressure whicli is imme-

Fig . 42.

diately set up in the passages v, v acts on the shuttle valve 
at s2, and the resulting moveni&nt of the shuttle in the 
direction s3 closes the ports h2 which communicate with the 
chamber c. In this condition no pressure is put upon the
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piunger o1 and the overflow valve is accoi’clingly free to lift 
off its seat to allow the usual starting discharge of steam

Fig . 43.

and water. As soon as the iiijector starts to work the 
pressure in the delivery chamber acts on the shuttle valve 

Fig . 44.

at s3, overcomes the steam pressure acting at s2, and 
throws the shuttle over into the position shown. Steam
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can then pass through the passages v, v up the centre of 
the shuttle valve to the belt s1, thence through the holes 
h2, to the annular chamber h, and so through the passages 
j to the chamber c, where it acts on the piunger o and 
closes the overflow valve with the requisite pressure. By 
turning the screws Z, Z the passages p, p and v, v can be 
closed; this puts the shuttle out of action and cuts off the 
supply of steam to the chamber c. The sleeve and shuttle 
valve can then, if desired, be withdrawn complete, while 
the injector will continue to work in the ordinary way with 
a t'ree overflow valve.

A general view of the injector is given in fig-. 48.
That the construction of “hot water” injectors has 

been brought to a great state of efficiency will be realised 
from the following table showing typical results guaran- 
teed by some of the leading makers.

Ta b l e  VI.—Sh o w in g  Ma x im u m  Te m pe r a t u r e  o f  Fe e d  
W a t e r  f o r  In j e c t o r  s u pp l y in g  t h e  Bon,e r  f r o m  
WHICH IT 18 RKCEIVING STRAM.

Boiler and 
delivery pressure 

Lbs. per sq. in. absolute.
Heiglit of lift 

In feet.

Feed-water 
temperature. 

Deg. Fah.

225 6 120

225 2J 125

215 6 125

205 24 130

195 140

190 6 130

75 2Å 3 40

Under special conditions better results ar©, of course, 
obtainable, but the above are typical of ordinary practice. 
The temperatures are the maximum for automatic re
sta  rting.

The total overflow area should in a lifting injector be 
in excess of the total steam inlet area. If there are a 
plurality of overflow apertures in the combining nozzle
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<38 t h b : s t e a m in je c t o r .

tliey should generally decrease in size as the bore of the 
nozzle decreases.

'1’ 1 ie points to be borne in mind in connection with the 
overflow arrangements are: —

(2) The overflow apertures should be of sufficient total 
area, and also such as to prevent any throttling of the 
steam in its passage to the atmosphere when the injector 
is starting.

(3) The overflow apertures should be independent of one 
another, so that no circulation can take place between one 
aperture and its neighbours.

Fi G. 49.

. (3) Means should be provided to prevent an inflow of 
air to th& overflow chamber or to the combining nozzle 
interiör, but such means should not prevent an outflow 
from said chamber or nozzle should the jet break.

(4) If the pressure in the combining nozzle is greater 
than atmospheric, free communication between the interiör 
of the combining nozzle and the atmosphere should be pre- 
vented by means which will, however, allow of such com- 
munication when the injector knocks off or is not delivering 
into the vessel being fed.
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CHAPTER VI

Water Control Arrangements.

Th e quantity of steam passing through an injector varies 
with the pressure of the steam supply. It follows that if 
it is desired to maintain a fairly constant delivery tempera
ture, and to deliver a maximum quantity of water per 
pound of steam, the quantity of water supplied to the in
jector must also be varieel at the same time as th© steam 
pressure varies. Unless this is done, the temperature and 
pressure of the jet passing through the combining nozzle is- 
inereased upon an inerease in the steam pressure. Af ter 
a certain limit is reached the action of the injector becomes 
unreliable and then ceases, the water not being able to 
sufficiently condense tlie steam within the limits of the 
combining nozzle. On the other hånd, if the steam pies
sure fails, the water supply may be too great, and the 
velocity of the jet passing through the combining nozzle be 
so reduced as to render that jet unable to overcome the 
pressure in the boiler being fed.

In the earliest Giffard injectors, as illustrated at fig. 1, 
regulation of the annular water inlet area between the 
steam nozzle and the combining nozzle was obtaineel by 
moving the steam nozzle towards or away from the combin
ing nozzle. This method was found in practice to have 
many objections, the chief being that the necessary pack- 
ing around the sliding or adjustable steam nozzle was con- 
tinually requiring to be renewed.

The use of the adjustable steam nozzle was finally ob- 
viated by the introduction in 1864 of a movable combining 
nozzle. One form of this arrangement is illustrated at 
fig. 50. The combining nozzle a is ad justed by a rack and 
pinion or other device to inerease or diminish the annular 
water inlet area. Injectors having means for adjusting 
the latter area are known as “ adjusting injectors.”

It had also been proposed to control the water supply by 
a valve or cock placed upon the feed water supply pipc.
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This proposal was not received with favour at first, but is 
now the usual practice.

It will be readily appreciated that from a theoretical 
standpoint it is decidedly better to vary the annular water 
inlet area than to have said area fixed and to throttle the 
water supply in the water pipe, for if said area be too large 

Fig . 50.

and the water does not fill same, the steam jet may not be 
completely encircled by the water jet, whilst if it be too 
small a drag is placecl upon the water entering the injector.

The form of water regulator shown at fig. 51 is auto- 
matic in its action, and is constructed upon the principle 
that when a correct ratio of water to steam is passing
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through the injector the pressure at the overflow gap a 
between the combining and delivery nozzles b, c is atmo- 
spheric, but if said ratio is too great or too small tlie pres
sure thereat is respectively above or below that of the 
atmosphere. If the said pressure is greater than atmo- 
spheric, there is an overflow of water into the overflow

Fio. 51.

chamber d; the pressure thereby produced in said chamber 
forces the combining nozzle b towards the steam nozzle c, 
and so restricts the annular water inlet f. If, however, 
the pressure at the gap a is less than atmosplieric, a 
vacuous condition will be created in the overflow chamber,
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and the nozzle b will be moved away from the steam 
nozzle; the water inlet area is then increased.
It may be here remarked that in order to reduce thø 

loss in velocity in an injector due to the impact of the steam 
upon the water, the water supply should be providecl in 
tlie form of a thin film nioving with a high velocity. The 
injector water inlet is therefore ahvays made of annular 
form, and the vacuum at the inlet end of the combining- 
nozzle maintained as high as possible. This arrangement 
also ensures a more rapid mixture of tlie steam and water 
than if the steam issuecl concentricallv around a solid jet 
of water.

A form of automatic water regulator, in which the use 
of a sliding nozzle is obviated, was shown at fig. 13.
hen a vacuous condition exists in the overflow chamber 

e, the valve f upon the supplementary water inlet passage 
9 is opened, and water flows through the overflow chamber 
into the combining nozzle by way of the slots therein. If. 
however, tlie pressure in e is equal to or greater than that 
of the atmosphere, the valve f is held on its seat.

A difficulty with the aforesaid type of injector will be 
at once appraciated if reference be made to the remarks 
upon overflow arrangements. It was shown that whereas
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a vacuum always exists during normal working conditions 
at the overflow slot near to the inlet end of the combining 
nozzle, a vacuous condition, atmospheric pressure, or a 
pressure greater than atmospheric, may exist at the gap 
between the combining and delivery nozzles. Obviously, 
therefore, one part of the overflow cliamber will always be 
tending to draw in additional water, and the other part 
may or may not be so doing.

In the arrangement illustrated at fig. 52 the supplemen- 
tary water inlet passage a leacls to a point between the 
lifting and forcing steam nozzles c and d. If the vacuum

at that point is sufficiently great to open the valve e a 
supplementary inflow of water will take place. Otherwise 
only the water inlet f supplies the injector.

Another arrangement of the water inlet connections to 
overcomc the objection aforesaid is shown at fig. 53. In 
this the supplementary water supply passage a communi- 
cates witli a compai’tinent of the overflow cliamber con- 
taining the overflow gap 6, at which during normal work
ing a vacuum always exists. The supplementary water
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supply can be cut off independently of the main supply by 
the cock c, it being found in practice that a high degree 
of vaøuum always exists at b, but that a supplementary 
water supply is only required when the feed water is so hot 
that the main supply is unable to properly condense the 
steam within the limits of the combining nozzle.

The ratio of water to steam passing through an injector 
decreases with an increase in the temperature of the feecl 
water and in the pressure of the entering steam, but the 
provision of tlie supplementary water inlet ensures an 

Fig . 54.

increase in the quantity of water passing through the 
appliance over what would be given by one water inlet 
only.

With both the forms of injector shown at figs. 52 and 53 
the supplementary water supply has a very important 
effect. The main supply of water is in contact with 
the steam from the lifting steam nozzle for a considerably 
longer period than the supplementary supply. The latter 
therefore cxerts a strong- cooling action on the steam from 
the forcing steam nozzle and tends to reduce the tempera-
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ture within the combining nozzle below what would exist 
if all the feed water ente-red at the main water inlet. A 
reduction of the temperature and pi’essure at the gap 
between the combining and delivery nozzles is of the 
greatest importance with an injector working with. high 
prerssure steam and hot feed water, for a very high pres
sure at that point causes the jet to be unstable and very 
li able to break.

The diagram, fig. 54*, shows the maximum allowable 
temperatures of the feed water with any steam pressure 
for a typical injector having a supplementary water inlet. 
The irregular shape of the curve between 75 Ibs. to 125 Ibs. 
steam pressure is due to the injector comm&ncing to draw 
in a supplementary water supply between the said pres
sures.

It will be understood that when the feed water is 
hot, and has to be lifteel to the injector, a difficulty pre-

By Kneass, in Journal of Franklin Institute.



70 THE STEAM LNJECTOR.

sents itself in that the water tends, on a reduction of the 
pressure on its surface, to flash into steam and supply 
vapour only to the injector. For this reason the maximum 
temperature for automatic restarting, when the injector is 
lif ting, is considerably below the maximum temperature to 
which the feecl water can be raised after the injector has 
started to work. Thus, for example, the maximum re
starting temperature of the feed water in one test was 104 
deg. Fah., whilst thé maximum temperature to which the 
water could be raised aftør the injector had started was

Fig . 56.

125 deg. Fah. The capabilities of any injector as regards 
the maximum allowable temperature of feed water with 
any steam pressure cannot be predicted, as they depend 
'ery largely upon the design of injector and also upon 
other indeterminable conditions.

A simple arrangement for dealing with the difficulty 
before referred to, due to the presence of hot water in the
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feed pipe at starting-, is illustrated at figs. 55 and 56, tig. 
55 being a sectional elevation and fig. 56 an end elevation 
of the device.

A non-return valve a is provided in the feed water .supply 
pipe b, which opens when the injector is in operation, and 
tends to draw water from said pipe, but closes immediately 
the injector ceases working, so as to prevent a return flow 
down said pipe to the hot well or feed tank. The injector 
is connected to the fitting by means of tlie union piece c.

Fig . 57.

Adjacent to and on the injector side of the valve a is pro
vided a by-pass or release connection d having a non- 
return valve e thereon. The latter closes (upon its seating 
f) when the injector is working normally, due to the 
difference in the pressures at its two sides, but isopened and 
held on its support ff by tlie pressure of the water in the 
feed pipe b above the valve a when the injector ceases 
working.. By the means aforesaid, the escape of tlie- hot 
water which remains in an injector when the steam supply 
is cut off is provided for, and the clifficulty experienced 
with lifting injectors when restarting after a short stop-
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page, due to the presence in the i'eed pipe of water at 
practically boiling point, is obviated. The cock h is for 
putting the valve e out of action. Means are provided for 
lifting the main non-return valve a in the feed supply pipe 
b from its seat, so that the water in the feed tank or hot 
well can be warmed with steam from the injector steam 
nozzle in the usual manner. Sucli means comprise a 
screw-threaded valve spindle i having a collar j upon 
its operative end which works within a bridge-like exten- 

t)TE AM

Fig . 58.

sion k upon the valve a. When the valve spindle is in a 
micl-way position, as shown, the valve a can open and close 
indepe-ndently thereof, but if the valve spindle is screwed 
outwards it lifts the valve from its seat.

To provide for the regulation of the water supply of 
an injector simultaneously with the steam supply, injøctors 
known as “ one movenient ” injectors are employed. A 
form of “ one movement” injector is illustrated at figs. 57 
and 58. The spindle a of the steam valve is coupled to the 
spindle b of the water valve, so that when the steam valve
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is closed the water valve is closed, and when the steam 
valve is fully open the area of the water inlet passage 
can be regulated by a further movement of the steam 
valve. Various forms of “ one movement” injectors are 
in use. Some of these involve the use of a sliding steam 
nozzle, as shown at fig. 27, but no external water valve, 
as in fig. 57.
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C H A P T E B , V I I .

Principles of the Injector.

I n  C h a p t e r  I . w e  b r i e f l y  o u t l i n e c l  t h e  g e n e r a l p r i n c i p l e s  

o f t h e  i n j e c t o r , a n d  i n  s u c c e e d i n g  c h a p t e r s  c o n s i d e r e d  

t h ©  c o n s t r u c t i o n a l  d e t a i l s  o f  t h e  a p p a r a t u s . W ©  w i l l n o w  

e x a m i n e  t h e  w o r k i n g  o f  a n  i n j e c to r  m o r e  i n >  d e t a i l .

L e t u s  c o n s i d e r , a s  a n  e x a m p l e , a  j e t  o f  d r y  s a tu r a t e d  

s t e a m  f r o m  a  b o i l e r  u n d e r  a  p r e s s u r e  o f  7 5  I b s . p e r  s q u a r ø  

i n c h . a i b s o l u t e  i s s u i i i g  i n t o  a  r e g i o n  a t a  p r e s s u r e  o f  3  I b s .  

p e r  s q u a r e  i n c h  a b s o l u t e . F r o m  f o r m u l æ  ( v i . a n d  v i i . )  w e  

o b t a i n  t h e  v e l o c i t y  ( V ) o f  d i s c h a r g e  o f  t h e  s t e a m , — t h e  

d r y n e s s  f r a c t i o n — - b e i n g  u n i t y .

3 J 4  +  ♦>  -  &

x -  = 1 1  ( F o r m u l a  v i i . )

T o

1 0 1 5

6 0 2 - 6

=  - 8 4 2 4

V  -  J2~g J ( ^  +  " ^  L , -  ( F o r m u l a  v i . )

=  x / 6 1 - 4  x ^ 7 7 8  ( 3 0 7 '5  + ’ 8 9 8 V l 4 1 ;6 - ~ 8 4  x  1 0 1 5 )

W  3 2 5 0  f t . p e r  s e c o n d  a p p r o x i m a t e l y .

N o w  l e t  u s  a s s u m e  t h a t  t h e  j e t  o f  s t e a m . ( m o v i n g  w i t h  a  

v e l o c i t y  o f  3 , 2 5 0  f t . p e r  s e c o n d )  e n t e r s  a  n o z z l e  c o o l e d  e x t e r -  

n a l l y , s o  t h a t t h e  s t e a m  i s c o n d e n s e d .*  T h e  v a t e r  j e t  

p r o d u o e d  w i l l  h a v e  t h ©  s a m e  v e l o c i t y  a s  t h e  s t e a m  j e t  (i.e., 
3 , 2 5 0  f t . p e r  s e c o n d ) , b u t i t s  c r o s s - s e c t i o n a i a r e a  w i l l b e  

v e r y  c o n  s i d e r a  b l y  l e s s  t h i a n  t h a t  o f  t h e  s t e a m  j e t .

*  I f  a  s t e a m  j e t  i s  c o n d e n s e d  b y  e x t e r n a l  c o o l i n g  m e a n s ,  a  t r a n s v e r s e  o r  l a t e r a l  

c o n t r a c t i o n  o f  t h e  j e t  t a k e s  p l a e e ,  b u t  t h e  v e l o c i t y  o f  t h e  j e t  i s  n o t  i n  a n y  w a y  

a f f e e t e d .
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The velocity of a jet of water issuing into a. region at a 
pressure of 3 Ibs. per 'square inch absolute from the boiler 
(under a pressure of 75 Ibs. per square inch absolute) 
supplying the steam for the steam jet aforesaid would be 
an amount due to the fluid head equivalent of the boiler 
pressure above 3 Ibs. per square inch absolute (i.e., of 
72 l)bs. per square inch). Taking 1 Ib. pressure per square 
inch to be equivalent to a head of 2'3 ft., the total fluid 
head is ]65‘6ft.

Now velocity in feet per second

— J2 g x head in feet

= 764-4 x 165-6

= 103-2.

It will thus be seen thai the oondensed steam jet has a 
velocity of 3,250 ft. per second, whilst the boiler water jet 
has a velocity of only 103 ft. per second, the original pres
sures of the steam and water being the same. Obviously 
if the two jets were directed against one another in a pipe 
the oondensed steam jet would very easily overcome the 
boiler water jet and enter the boiler. In this case, hov
ever, we are only delivering back into the boiler what has 
been takem therefrom.

Let us consider the case where, instead of the steam jet 
being condensed in an extei'nally-cooled nozzle, it is 
directly mixed with water for the same purpose, and let 
us assurne that the ratio by weight of the mixture is 
15 Ibs of wat-er to 1 Ib. of steam. The wiater a v © will 
assume to be supplied under a head of 2 ft.

Assuming tha.t the pressure in the mixing nozzle is main- 
tained at 3 Ibs. per square inch absolute, due to tihe c o t l - 
densation of tbe ste'atm by the water, the velocity of tli© 
steaim jet will be, as be<fore, 3,250* ft. per second.

The velocity of the water entering the miximg nozzle will 
Ije an amount due to the head equivalent of the difference 
between atmospheric pressure plus a head of 2 ft. and the 
pressurewithin thenozzle. (If the water had been “lifted” 
to the nozzle through 2 ft. inlstead of being supplied undor

7 si
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a head of 2 ft., we should have had to “ subtract ” the 
2 ft. instead of to add it, as in this case.) The unbalanced 
pressure, or the difference between atmospheric pressure 
and the pressure in the nozzle, is 12 Ibs. per square inch 
approximately. Taking 1 Ib. pressur© per square inch as 
the equivalent of a fluid head of 2’3 ft., we obtain the 
velocity of the incoming feed water as follows:-—

Velocity in feet per second

= J2 g x head in feet

= 76W X (12 x 2-3 +' 2)

= 43-66.

We have therefore the steam entering the nozzle with 
a velocity of 3,250 ft. per second, and the water entering 
witli a velocity of about 44 ft per second.

TSie velocity of the water jet resulting from the union 
of the steam and water is obtained as follows: —

M omentum of
4- *4-steam jet

1 x 3250 +

Momentum of 
water jet 

15 x 44

16 x velocity = 

velocity =

Momentum of 
combined jet 

3910 units

3910

244 ft. per second.

Tlie water je<t issuing from the nozzle has a velocity, 
therefore, of 244 ft. per second. But the velocity of ä 
water jet issuing from the boiler supplying steam to the 
steam jet into a. region, at a pressure of 3 Ibs. per square 
inch absolut© is, as before stated, only 103 ft. per second, 
so tliat the combined jet (containinig condensed steam and 
water in tlie ratio by weigiht of 1 to 15) will readily be 
a;ble to overcoime a jet teiwling to issue from the boiler, 
and to itself again enter said boiler.
From tlie above the general principles of action of the 

injector will be readily understood.
In aotuial practice the jet issuing from the injector is 

not moving with a high velocity, but is of high pressure. 
The relation between velocity and pressure is e^xpressed as
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fo llo w s . ta k in g 1 Ib . p re ssu re p e r sq u a re in c h to b e t l ie  

e q u iv a le n t o f a f lu id h e a d  o f 2 '3  f t:  —

V  = x p x 2 -3

i.e., V 2 =  2  g x  p x 2 '3

V 2 . V 2  / • • x
p ■= - -- -- -- -- -- -- -- --  = - -- -- -- . . . . (X X V ll. )

L 2  g X 2 '3  1 4 8  V 7

w h e re  p =  p re s su re  in  p o u n d s p e r  sq u a re  in c h , 

g — a c c e le ra tio n  o f  g ra v ity =  3 2 '2  f t . p e r se co n d 2 , 

a n d  V  =  v e lo c ity  in  fe e t p e r sé c o n d .

T h e fo llo w in g - ta b le g iv e s th e w e ig h t o f 1 c u b ic fo o t  

o f w a te r a t d iffe re n t te m p era tu re s , a n d th e f lu id h e a d  

e q u iv a le n t o f I Ib . p re s su re p e r sq u a re in c h :  —

T a b l e  V II .

T e m p e ra 

tu re .  

D e g . F .

W e ig h t, in  

Ib s ., o f  

1 c u b . fo o t.

H e a d , in  fe e t,!  

e q u iv a le n t o f:  

l Ib . p iæ ssu re , 

p e r  i-q . in c h .j

T e m p era 

tu re .  

D e g . F .

W e ig h t, in  

Ib s ., o f  

1 c u b . fo o t.

H e a d , in  fee t,  

e q u iv a le n t o f  

1 1 b . p re ssu re  

p e r  sq . in c h .

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

3 5 6 2 -4 2 2 2 ’3 0 7 1 5 0 6 1 ’2 0 1 2 ’3 5 5

4 0 6 2 '4 2 5 2 -3 0 7 1 7 5 6 0 ’6 6 5 2 -3 7 4

4 5 6 2 -4 2 2 2 -3 0 7 2 0 0 6 0 -0 8 1 2 ’4 0 2

5 0 6 2 -4 0 9 2 ’3 0 7 2 1 2 5 9 ’6 4 2 ’4 1 4

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

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

9 0 6 2 -1 3 3 2 ’3 1 8 4 0 0 5 4 ’2 5 2 '6 5 5

IC O 6 2 -0 2 2 2 '3 2 2 5 0 0 5 1 -1 6 2 ’8 1

L e t u s n o w  e x a m in e th e a c tio n o f a n in je c to r f ro m  a  

th e rm a l s ta n d p o in t, w h ic h is th e m o st im p o rtan t, a s th e  

ir iö th o d  p re v io u s ly  a d o p te d  ig n o re s a lto g e th e r  th e  q u e s tio n  

o f  th e  h e a tin g  e ffec t o f th e  s te a m .

T h e > to ta l h e a t e n e rg y  u tilis e d  in  a n in je c to r is th a t o f  

th e e n te r in g s te a m  p lu s th a t o f th e  su p p ly  w a te r . S u c h .
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h e a t e n e r g y  l e a v e s  t h e  i n j e c t o r  i n  t h r e e  f o r m s . I n  t h e  

f i r s t p l a c e , a  p o r t i o n , o f s a m e  i s c o n v e r t e d  i n to  w o r k  ( 1  

B . T . U . b e i n g  t h e  e q u i v a l e n t  o f  7 7 8  f o o t - p o u n d s ) , a n d  p r o 

v i d e s  t h e  p r o p u l s i v e  f o r c e  f o r i m p a r t i n g  v e l o c i t y  t o  t h e  

d e l i v e r y  j e t ; a  s e c o n d , a n d  t h e  g r e a t e s t  p o r t io n ,  s e r v e s  t o  

g i v e  t h e  d e l i v e r y  j e t a  h i g h  t e m p e r a t u r e ; a n d  a  t h i  i d  

p o r t i o n  r a d i i a t e s  f r o m  t h e  i n j e c t o r  c a s i n g .

W e  w i l l  c o n s i d e r  a n  i n j e c t o r  w o r k i n g  u n d e r  t h e  f o l l o w in g  

■ c o n d i t i o n s : —
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te
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1

p
r
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s
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e

, 

I
b

s
. 

p
e
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 s

q
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in
c

h
 

a
b

s
o
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.

9 5

D e g .  F .

9 7

F t .

2 5 1 3  t o  1

D e g .  F .

1 7 5 1 1 5

W e  c a n  r e a d i l y  a s o e r t a i n  t h e  q u a n t i t y  o f  h e a t e n e r g y  

r e q u i r ø d  t o  p r o d u c e  a  d e l i v e r y  j e t  o f  a  c e r t a i n  p r e s & u r e  i f  

t h e  w e i g h t  o f  t h e  j e t  a n d  a l s o  i t s  t e m p e r a t u r e  a r e  k n o w n .

I n  t h e  p r e s e n t c a s e  t h e  w e i g h t o f  u n i t  m a s s  o f t h e  j e t  

m a y  b e  t a k e n  a s  1 4 1 1 ® . ( 1  I b . s t e a m  a n d  1 3  I b s . w a t e r ) ,  

t h e  d e l i v e r y  p r e s s u æ  i s  1 1 0  I b s . a b o v e  t h e  p r e s s u r e  w i t h i n  

t h e  i n j e c t o r  ( w h i c h  i s  5  I b s . p e r  s q u a r e  i n c h  a b s o l u t e ) , a n d  

t h e -  f l u i d  h e a d  e q u i v a l e n t  o f 1  I b . p r e s - s u r ©  w h e n  t l i e  f l u id  

t e m p e r a t u r e  i s  1 7 5  < le g . F a h . i s  2 '3 7 5  f t .

H e a t  e n e r g y  r e q u i r e d  t o  p r o d u c e  t h e  d e l iv e r y  j e t

M a s s  i n  I b s . *  v e lo c i t y 2  

J o u l e ’ s  e q u i v a l e n t 2  g

W
=  —  x  ( H e a d  e q u i v a l e n t  o f  p r e s s u r e  o f  j e t ,  

' i n  f e e t )

1 4

=  W X  ( 1 1 °  x  2 ‘ 3 7 5 ) • '

=  4 '7  B . T . u n i t s  a p p r o x i m a t e l y .
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The total heat in 1 Ib. of the steam entering tlie injector 
above what is contained in the dølivery jet is 1,035 B.T.U. 
(1,210 — 175). The amount of heat energy actually con- 
verted into work in the injector we find to be 4’7 B.T.U., 
so thatthere a.re 1,030 units still to be accounted for. The 
raising of the temperature of 13 Ibs. of water from 97 deg. 
Fah. to 175deg. Fah. absorbs 1,014 units, lea ving 16 units* 
as the amount of heat radiated from the injector. 
We have here neglected the heat energy equivalent of the 
kinietic energy of the entering feed water, as this is very 
small, but in the calculations which follow it is considered.

The importaiit point to be noticecl is the very small por
tion of the heat energy supplied to the injector which is 
effeotively utilised as a propulsive force. The reasons for 
this can be conjecturecL In the first place some of the 
heat energy of the steam is abstracted therefrom during 
expansion within the- steam nozzle by the cold feed water 
around that nozzle. Secondly, the impact of the steam 
upon the slowly-moving water will cause violent eddying 
motion®, which will re-convert some of the kinetic energy 
of the steam jet into heat energy. Thirdly, there is the 
friction of the jet upon the wadis of the nozzles through 
whioh it travels, and also the reluctance of the steam and 
water to quickly unite with one another. A very small 
portion only of the total heat energy of the steam is 
actually lost by radiation; the injector miay be considered 
as a. perf eet applianæ from a thermal standpoint, for 
praotiøally the wliole of the heat energy supplied is utilised 
and returned in the delivery jet.

It now remains for us to show how the above calcula
tions, based upon actual tests, øompare with those obtained 
from a theoretical consideration of the action of the 
appliance.

The pressure of the steam working tlie injector is 95 Ibs. 
per square inch absolute, and the pressure within the 
injector 5 Ibs. per square inch absolute. In expanding 
from 95 Ibs. to 5 Ibs. pressure per square inch absolute

It is impossible to give this amount with auy great accuracy, as a tempera
ture reading only | deg. incorrect makes a difference in this figure of practioally 
10 degrees.
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the steam will give up a certain amount of its heat energy, 
and a portion of the steam will condense.

Using formuia (vil.) to calculate the dryness fraction x2 
when xA is taken as unity, we get—-

601-6

= ‘83 approximately.

That is to say, the steam contains ‘17 moisture when its 
expansion is completed.

The total heat given up by the steam in expanding <%s 
aforesaid is therefore as follows, using- the symbols of 
equation (vi.): —

■ Heat units given up by steam

= (ix + - t., — x2 L2)

= (324 + 886 - 162 - -83 x 1001)

= 217-2.

Thus, tli© steaiiii supplies 217*2 heat units for use as the 
motive power in propelling the water jet into the boiler.

The water jet provides a very small amount of the pro- 
pulsive force. The heat energy representer! by each 13 Ibs. 
of the water entering the injector where the pressure is 
5 Ibs. per square inch absolute, after beting lifted 2 ft., is 
obtained as follows, taking 1 Ib. pressure as equal to a 
fluid head of 2‘32 ft., and ramembering that the unbalanced 
pressure on the water tending to drive it into the injector 
is 10 Ibs. : —

t t , Mass in pounds Velocitv2
Heat energy = =—n---- .--------- x --------—

Joule s equivalent 2 g

W
— — x (head equivalent in feet of 10 Ibs. 

pressure — 2)

x (10 x 2-32 - 2)

= -355 B. T. Units.

13
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From our theoretical calculations we therefore ascertain 
that 217*555 heat units are available for conversion into 
kinetic energy for carrying the combined condensed steam 
and water jet into the vessel being fed. From our previous 
ealoulations we find thai the delivery jet only represented 
the expenditure of 4'7 heat un/its, thus sliowing that 212*8 
units must hiave been utilised otherwise than for the pur
pose for which they were availaible. The impact losses, 
ecldyinig motions, friction, etc., in the injector destroy a 
large portion of the kinetic energy of the jet and re-convert 
t)he same to heat energy, which. is absorbed by the> feed 
water. If the 212'8 units are divided betwe-en the 13 Ibs. 
of water the temperature of the latter will be raised fi’om 
97 deg. Fah. to about 113'3.

The heat units remaining in the steam at 5 Ibs. pre&swe 
per square inch äbsolute, after '17 (clryness fraction=‘83) 
thereof has been condensed, are as follows:-—

Latent heat x -83 = 1001 x ‘83 = 831 units 

sensible heat =162 units

Total  993 heat units.

The excess of heat units in 1 Ib. of the steam over what 
is conitained in the delivery jet is thei’øfore: —

993 — 175 = 818 heat units.

If the latter are divided between the 13 Ibs. of feed 
water, the temperature of the latter will be raised from 
113-3 deg. Fali to 176’3 deg. Fah; or, sine© the actual 
delivery temperature is found to be 175 deg. Fah.., we may 
conclude tliat the 17 heat units remaining after tlie 
water has been raised to a temperature of 175 deg. Fah. 
represent the loss due to radiation from the injector and 
its conniecitions.

Ca l c u l a t io n s in Co n n e o t io n  w it h  t h b In je c t o r .

The most important calculation required to be made in 
conneotion with an injector is tliat for deteranining thø 
ratio by weiglit of water to steam passing through, the 
appliance.
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Generally speaking, the most efficient injector is one 
whiøh, when delivering- i nto a boiler under a certain pres
sure, passes the greatest ratio by weight of water to steam. 
If, hcwever, we are oonsidering an injector from the point 
of view of the temperature of the feed water it can deal 
witih when the steam is at a certain pressure, the most 
efficiient injector is one capa/ble of taking the hottest feed 
water with the steam at thait pressure.

If the nunaber of heat units contained in 1 Ib. of the steam 
entering the injector be known, also the temperatures of 
the feed or supply water and of the delivery jet, then 
with tx + Lj denoting the total heat contained in 1 Ib. of 
the ,steam, ti the temperature of the feed water, t3 the 
temperature of the delivery, and W the weight in Ibs. of 
water per Ib. of steam,

Gain of heat by feed water = W (^3 - t.,).

Loss of heat of 1 Ib. of steam = t1 + lx - t3.

Heat equivalent of the kinetic energy of the jet leaving 
the injector

= (W + 1) x V3

2 <7 x 778

where V — velocity of delivery jet in feet per second.

If the extre-mely small amount of heat energy repie- 
sentied by the kinetic energy of the entering feed water 
be neglected, also the loss of heat due to radiation from 
the injector, then :—

Loss of heat Heat equivalent of kinetic . , „ ,
by steam = energy of delivery jet + fee<i

We have already seen that the heat equivalent of the 
kinetic energy of the delivery jet is very small, and it can 
be safely neglected without materially affecting the results. 
The equation then becomes:-—-

tx + Lx - t3 = W (t3 -

i.e., AV = .... (xxviii.)
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Application o f Formula (xxviii.).—To calculate tlie ratio 
by weight of water to steam passing through an injector 
when the pressure of the steam entering the latter is 15 Ibs. 
per square inch absolute, tlie feed water temperatuie is 
60 deg. Fah. and the delivery temperature 168 deg. Fah., 

213 + 965 - 168 vv = ---- ------- -----------
168 - 60

= 9-3Ö.

That is, 9’35 Ibs. of water are mixed with each pound of 
steam passing through the injector.

If in formula (xxviii.) the numerator and denominator be 
transposed, the ratio will then be that of tlie steam to 
the water. Tliat is:

S = —ts ~ t2— .... (xxix.)
. ti + Lj — (s

where S = weight in pouncls of steam to 1 Ib. of water.
If the quantity of feed water dnaiwn by tlie inije©tor from 

the feed tank in, say, an liour is known, tlien the quantity 
of steam uised by thø injector in au hour is given by 
multiplying tlie value of S in formula (xxix.) by tlie weight 
of feed water in pounds. That is:

Qs = Q- . (xxx.)
ti + M - t3

where Q, = quantity of steam in pounds per hour, 

and Qw = quantity of feed water in pounds per hour.

Application of Form/ula (xxx.).—To calculate the 
amount of steam used by an exliaust injector per hour, tlie 
pressure of the »team entering' the injector’being 15 Ibs. pøi 
square inch absolute, the temperature of the feed water 
68 deg. Fah., the delivery temperature 190 deg. Fah., and 
the quantity of feed water used per hour 22,800 Ibs. (2,280 
gallons):

 22800 (190 - 68)
213 + 965 - 190

= 2815 Ibs. approximately.
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In this case it will be søen that the ratio by wøight of 
steam to water is about 1 to 8.

The efficiency of an injector from the point of view of 
the ratio of water to steam passing therethrough is affected 
by variations in the steam pressure and in the feed-water 
temperature.

If tlie pressure of the steam entering an inijector in- 
creases wliilst the feed-water temperature remains un- 
changed, or if the pressure of the steam remains constiant 
whilst the feed-water temperature is increased, the tempera
ture of the mixture of steam and water is increased. The 
vacuum a.t the inlet end of tlie injector where tlie steam 
and water first meet is therefore impaired, and results in 
a reduction in the quantity of water flowing into the iniector 
wliilst maximum weight flow of the steam is maintained 
under all normal working conditions.

In the following ta'ble the ratio by weight of water to 
steam is given for a typical example when the feecl-water 
temperature is constant and the steam pressure is varied:

Ta b ie vin.

Steam pressure, pounds per square inch absolute 40 65

Pounds of water per pound of steam ................ 28'5 20

90 140 215

17 14 11

The aibove results would be affeoted by variations in 
design of t-lie injector, in the lieight oæ lift, or the pressure 
head of .feed water, and must only be considered as typical.

If the pressure of the steam and the temperature of the 
feed water inc-rease simultaneously, the ratio of water to 
steam will deorease more rapidly than if tlie one valne only 
were increasing.

The effect of the lieight of suction lift or the pressure 
head of the incoming feed water will be appreciated from 
the velocity equation for the said water, whioh is

V = 8’025 ^/head in feet;

where V denotes velocity in feet pér second. If the 
difference between atmospheric pressure and tlie pressure 
at tlie entrance to the combining nozzle be taken as 10 Ibs.



PRINCIPLES OF THE INJECTOR. 9 i

per square inch, and the head equivalent of 1 Ib. pressure 
per square inch as 2'3 ft., then, if the water is on the same 
level ais the injector, the velocity of the1 water entering the 
injector is obtained as follows: —

V = 8-025 710 x

= 38’5 ft. per second.

If the water is supplied under a head of 5 ft. its velocity is

V = 8'025 710 x 2-r+ 5 

= 42'5 ft. per second.

When the water is lifted through a height of 5 ft. the 

velocity of inflow to the injector is

V = 8-025 710 x 2-3 - 5

V 34 ft. per second.

A reduction in the velocity cÆ the entering feed water 
naturally results in a reduction in the velocity of the æm- 
bined »team and water jet, but the effect is pnacticaUy 
inappreciable far small variations of lift. The velocity 
losses due to impact of the rapidly-onoving steam upon the 
water will, however, greatly increase as the water velocity 

diminåshes. . . „
Two effeots follow from a variation in the ratio oi water 

to steam passing through an injector, jiamøly, variations 
in the delivery temperature, and a variation in- tlie over- 
pressure or excess of pressur© of the delivery jet in relation 
to that of the steam enttering the injector. The smaller 
the ratio of water to steam (within the working limits or 
range of the injector), the higher the delivery temperature 
and pressure. Under ordinary conditions the maximum 
delivery pressure obtainable in a live-steam injectoi is con- 
siderably in excess of the pressure of thø steam entering 
the injector. Thus, with steam at 60 Ibs. pressure, the 
maximum delivery pressure may be a'bout 75 Ibs.; at 
80 Ibs., about 100 Ibs.; and 150 Ibs., about 175 Ibs., and 
so on.*  It is alwa.ys possible, therefore, when the injector

* These amounts depeud entirely upon the feed-water temperature, height of 
-lift, and other conditions.
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is feeding a boiler at the same pressure as the steam enter- 
ing the injeotor, to increa.se the ratio of steam to water 
above that wliicli gives maximum delivery pressure and 
temperature-, whilst obtaining a perfect action of the 
appha.noe. The rate of supply of water to the boiler can 
theretfore be varied wit-hin fairly wide limits to sult 
requirements.

We have already seen liow vei’y small a portion of the 
heat energ-y of the steam entering an injector is actually 
utilised by conversion into kinetic energy in the propulsion 
of the water jet through the applianoe. It follows, tliere- 
fore, that a jet apparatus is very inefficient merely for 
pumping purposes. The actual efticiency of the apparatus- 
is represented by the ratio of the work done by the steam 
jet to the amount of heat yielcled by the steam to perform 
that work ; i.e. :

where E = mechanical efficiency,
U — work done by steam, 
ty = sensible heat of steam, 
Li = latent heat of steam, 

and t3 = heat units in 1 Ib. ot delivery jet.

Now, U is represenrted by the mechanical work performed 
by the steam in giving the water jet a certain pressure or 
in delivering it to a certain height—the equivalent of said 
pressure—and also in raising the water to the jet pump, if 
the latter is fitted above the water supplv.

That is

IT — x Z + (W + 1) hp\ , .
A (-------------1----------—L- J in heat unita,

where AV = ratio in pounds of water to steam passing through 
the apparatus,

l — suctiou lift in feet,
= head equivalent of delivery’pressure,
B delivery pressure in pounds per sq. inch x 2'3.

J = Jonle’s equivalent = 778 foot-pounds per B.T.U.
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The complets formula for jet pump efficiency is therefore—

P W x l + (W + 1) ht> , .. .
E = ---- ---------- ----------. (xxxii.)

J (tfx + Lj - t3)

If the water is supplied to tlie pump from a point 011 
a level with the latter, W has zero value, whilst if the 
water is supplied under a head, AV has a negative value, 
and must be subtracted from the reniainder of the 
niimerator.

Application of Formula (xxxii.).—It is desired to calcu- 
late the mechanical efficiency of a jet pump; when the 
steam pressure is 95 Ibs. per square inch a-bsolute the 
incoming water is lifted through a height of 2 ft., the 
pressure within the pump is 5 Ibs. per square inch absolute. 
the delivery temperature is 175 deg. Fah., the delivery 
pressure 115 Ibs. per square inch absolute, and the Mat i o 
in pounds of water to steam passing- through tlie appliance 
13 to 1.

Then F  (13 x 2) + (13 + 1) (115 x 2’3) 

778(281+ 886 - 175)"

= -0048, or 48 per cent.

If the delivery temperature is neglected the efficiency 
is '42 per cent.

Thö advantage possessed by the jet pump over other 
types of pump is its great simplicity. It is particularly 
well suited for dealing with Chemicals or liquids having 
oorrosive properties, as the nozzles can be suitably pro- 
t&cted"without altectimg the action of the apparatus.
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CHAPTER VIII.

Nozzle Dimensions.

Th e problem of determining the throat areas of the steam 
and delivery nozzles øf an injector from the result of tests 
is a difficult one, but has been approached in -various ways, 
all of which are subject to error owing to the impossibility 
of stating witli any degree of accuracy the nature and 
amounts of the various velocity and other losses.

According to one proposed method a result is obtained 
by comparing the condition of the steam jet as it passes 
the steam nozzle throat witli that of the water j©t as it 
passes tlie delivery nozzle throat. In this case we 
require for our calcukations the initial steam pressure and 
dryness fraction, water head at inlet, water temperature 
and pressure, and the quantity of water received or 
delivered by the injector in a specified time.

Witli thesø particulars we first proceed to determine the 
dryness fraction at the steam nozzle throat, the pressure 
there being *58 of the inlet pressure. This value is always 
abo ut *96, but can be calculated by foinmula (vii.) as 
follows •

To

We then proceed to determine the velocity of th© steam 
at the nozzle throat and also >as it leaves the steam nozzle. 
for the actual velocity imparted to the incoming feed 
water is that of the steam leaving the steam nozzle.

These va lueis can be calculated from formula (vi.), 
namely:

— x/2y J + Xx - t., — x.< L2).
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Proceecling from the test figures given, we obtain the 
qiiantity of water delivered per pound of steam, the 
formula for which is as follows: —

TTTT ti X1 Li “* tn / • • • \
W = 1 11 8 . . . (xxvin.)

- t., '

The velocity of the incoming feed water is found by 
taking into account the actuail head of water (whether posi
tive, zero, or negative) and the head due to the difference 
between atmospheric pressure and the pressure within the 
injeotor.

With the above results we obtain the theoretical 
velocity at the delivery nozzle throat.

We tlien proceed upon the following lines: —
Since from our experimental results we find that 1 Ib. of 

steam delivered B pounds of water to the boiler, 
C 

then to feed C pounds of water per second will require —
B 

pounds of steam per second.
The specific volume v of the ateam at the steam nozzle 

throat is—
v = x., u., + (1 — a?2) er . . . (xxxiii.)

w x2 u2 approximately . . , (xxxiv.)

where x.> = the steam dryness fraction at the nozzle throat, 
u2 = the specific volume of 1 Ib. of steam at the pressure at 
the throat, and o- is the specific volume of 1 Ib. of water.

Fro ni the above the throat area of the steam nozzle is 
given as follows :—

x C (,, ,, + (1-^)T) _ .

B x V,

where Vt = the velocity of the steam at the nozzle throat, 
which is readily obtainable from the maximum velocity, 
equation (xvii.) as follows :—

V throat = /2 g x 144 vx.
J n + 1 711

This value is uaually about 1,500 ft. per second, and need 
not be specially calculated for approximate results.
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The amount of warer delivered by the injector comprises 
the water taken in at the feed, and also the water resulting 
from the condensation of the s team, that is

C (B + 1) . i— pounds per second.

The area of the nozzle (A,z) required to pass this quantity 
of water, having a density p and a velocity V,( feet per 
second, is given by the following forniula :—

— C (B + 1) , -x
Az, =---- --------- . (xxxvi.)

< l B x P x V(Z V ’

Application of Formulce.—Calculate from theoretical 
consiclerations the area of the steam and delivery nozzle 
throats of an injector taking 4 Ibs. of water per second 
from the hot well, the feed water temperature being 60 deg. 
Fah., the delivery temperature 140 deg. Fah., the steam or 
boiler pressure 90 Ibs. per square inch absolute, the water 
head 2 ft., and the vacuum at the steam nozzle mout-h or 
ouitlet 24 in. metrcury.
The pressure at the steam nozzle throat is 90 x *58 Ibs. 

(52 approximately) per square inch absolute as maximum 
flow conditions exist.

Taking the initial dryness fraction as unity, the dryness 
fraction at the nozzle throat is:

T 
= ---

L2
T„

889

781
•452 - -415

915

744 

= -956.

The steam velocity at the nozzle throat is

V = x 144
v n + 1
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Now n = 1'135,

therefore V «= / 2 x 32'2 ^44- x 144 x 90 x 479 
v 2‘135

= 1469 ft. per second.

The approximate valnes -96 and 1500 would have been 
wufficiently accurate.

The dryne'S fraction at t'ie ateam nozzle moutb, where the 
pressure is 3 Ibs. per square inch absolute, is

-T + </>l “ </>,■
■r - -*-1
X1 ~ lT

t2

+ -452 - -2 
 • o 1 

1015~~

603-6

- -918 ;

therefore the velocity at the steam nozzle exit is 

V = ^/2 <j J (ix + Li — t.2 — x.2 L2) 
 

= 72 x 32-2 x 778 (320 + 880-141-6 - -918 x 1015) 

= 2606 ft. per second.

The ratio of water to steam in the injector is : 

^3 ~ ^2

 320 + 889 - 140

140 - 60

= 13-36.

The velocity of the water en tering the injector due to a 
head of 2 ft. and a presaure of 12 Ibs. pei- square inch (the 

8 81
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d i f f e r e n c e  b e t w e e n  a t m o s p h e r i c  p r e s s u r e  a n d  t l i e  p r e s s u r e  

w i t h i n  t h e  i n j e c t o r )  i s  :

V  =  7  2

= J 2  x  3 2 - 2  ( 2  +  1 2  x  2 - 3 )

=  4 4  f t .  p e r  s e c o n d .

[ O n e  p o u n d  p r e s s u r e  p e r  s q u a r e  i n c h  i s  t a k e n  a s  e q u a l  t o  

a  w a t e r  h e a d  o f  2 ’ 3  f t . ]

T h e  s t e a m  n o z z l e  t h r o a t  a r e a  i s  n o w  o b t a i n e d  t h u s —

. _  C  ( a ? 2  u-i)
1  s  “  B  x  V '

 4  ( - 9 5 6  x  8 - 1 )  

1 3 - 3  x  1 4 6 9

=  0 0 1 5 8  s q u a r e  f o o t .

T h e  v e l o c i t y  i m p a r t e d  t o  t h e  w a t e r  i s  o b t a i n e d  a s  f o l l o w s  :  

M o m e n t u m  M o m e n t u m   M o m e n t u m  o f  

o f  s t e a m  +  o f  w a t e r  ~  d e l i v e r y  j e t  

1  x  2 6 0 6  +  1 3 - 3  x  4 4  =  3 1 9 1  ;

t h e r e f o r e  v e l o c i t y  o f  d e l i v e r y  j e t  =  2 2 3  f t .  p e r  s e c o n d .  T h i s  

w o u l d  g i v e  t h e  d e l i v e r y  n o z z l e  t h r o a t  a r e a  a s —

_ _ _ _ 4 j < _ 1 4 3  

d  ”  1 3  3  x  6 2 4  x  2 2 3

=  ‘ 0 0 0 3 1  s q u a r e  f o o t .

W e  t h u s  f i n d  t h a t  t h e  r a t i o  o f  a r e a s  o f  s t e a m  n o z z l e  

t h r o a t  t o  d e l i v e r y  n o z z l e  t h r o a t  i s  a b o u t  5 ’ 1  t o  1 . I n  

a c t u a l  p r a c t i o e ,  f o r  t h e  c o n d i t i a n s  s t a t e c l ,  t h e  s a i d  r a t i o  

w o u l d  b e  a b o u t  3  t o  1 .

W e  h a v e  a l r e a d y  s h o w n  t h a t  t h e  d e l i v e r y  j e t  o f  a n  

i n j e c t o r  o n l y  r e p r e s e n t s  t h e  e x p e n d i t u r e  o f  a  v e r y  s m a l l  

p o r t i o n  o f  t h e  h e a t  e n e r g y  o f  t h e  s t e a m  w h i c h  i s  a v a i l a b l e  

f o r  i m p a r t i n g  v e l o c i t y  t o  s a i d  j e t . I n  t h e  e x a m p l e  

o a l o u l a t e d  t h e  d e l i v e r y  j e t ,  i n s t e a d  o f  h a v i n g -  a  v e l o c i t y  

o f  2 2 3  f t .  p e r  s e c o n d ,  w o u l d  p r o b a b l y  h a v e  a  v e l o c i t y  o f  

a b o u t  1 3 6  f t .  p e r  s e c o n d , — t h a t  i s ,  a b o u t  2 5  p e r  c e n t  m o r e
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than the velocity equivalent of 80 l'bs. per square inch 
above latmospheric pressure—the pressure at the delivery 
nozzle throat being oonsidered as atmosplieoic, and in 
the delivery pipe as 95 Ibs. absolute, or 5 Ibs. above boiler 
pressure.
If we øonsider that the velocity of the incoming water 

was 25 per cent less th.a.n that calculated above, say about 
33 ft. per second, then the actual effective velocity re- 
quired in the steam to giv© a delivery velocity of 136 ft. 
pei’ second would be about 1,506 ft. per second. The 
calculated area øf the delivery nozzle throat would be:—- 

, 4 x 14-3
'' 13-3 x 62-4 x 136

= '0005067 square foot, 

which gives a ratio of steaun nozzle throat area to delivery 
nozzle throat area of 3’1 to 1, which is near to that adopted 
in practice
A point about which experimental data is lacking 

is the density of the jet as it passes the delivery nozzle 
throat. It is known from experiments that a quantity 
of air is mixed with the water, but it is not known as to 
whether the steam is all condensed in the combdnino- 
nozzle. This knowledge would enable us to give a more 
acourate figure for density in the formula for area of 
delivery nozzle throat.
The above method has been set out in full, but it 

involves several cumbersome calculations.
The determination of the steam nozzle throat area can 

b© effected quite readily by the applikation of Napier’s 
formula: —

W — P *
70 ’

. W x 70
A = ---------- .or

P

The amount of steam used per second in the injector was

—— Ibs. and the pressure (/>) was 90 Ibs. per square inch; 
13*3
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therefore —— x 70
A = 13'3____
A< 90

= 0'234 square inch

= 0’0016 square foot.

To calculate tlie delivery nozzle tliroat area, with any 
degree of ease we must make two assumptions. The first 
is as to the velocity of the delivery jet at the said throat, 
and the seeond is as to the density of the jet there. If 
we assume that the delivery jet velocity is 25 per cent 
greater than the velocity equivalent of the difference 
between the absolute delivery and overflow pres
sures, wliich amount errs on tlie small side, and take the 
density of the jet as that of hot water at the delivery 
temperature, which probably errs on the large side, we 
will obtain a fairly accurate result. This is the methocl 
adopted in the earlier calculation, -but it is again set out 
liere.

Taking P,„ or the delivery pressure, as 95 Ibs. absolute, and 
Po, or the overflow pressure, as 15 Ibs. absolute, then :

V(i = 1-25 72.7 x 2’3 (P(,-Po)

= 1-25 764-4 x 2-3 (95 - 15)

= 136 ft. per second.
NT A W

Now A,( = -------
p x V

where A., = area in square feet of delivery nozzle throat, 
W = weight of water pissing in pounds per second, 
p = density of jet in pounds per cubic foot,

and V — ve’ocity of jet in feet per second •

,, , . 4 x 14-3
therefore A(Z = ——--- ——--- —

13*3 x 62‘4 x 136

= 0’0005067 square foot.

A further inethod of approaching this, problem is to 
consider the momentum equation previously given, and 
which is as follows :
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Momentum  of + Momentum  of  Momentum  of 
steam  jet water jet ~ delivery jet
W s x V s + W„ x V H , =  W d x V t,

But W rf = area of delivery uozzle throat (A d) x density  
of delivery jet at the throat (p,;) x  
velocity of the jet at the throat (V rf) ;

therefore W s x V s +  W w x V,„ = A„ x Pd x V/.

Novv the velocity of the delivery jet (V (J at the delivery  
nozzle throat is, if we neglect all considerations of losses, 
an amount equivalent to that due to the difference between  
the pressure in the vessel being fed (!’,,) and the pressure  
at the said throat (P o) or

since V 2 = 2  g H,

and H = — , 
P

then V/ =  ~ PQ .

m 1 Prf .

1  he above momentum equation now becomes :

W s x V s + W w x Vw = A (, x Pd x  P £>

P<i

= A (i x 2</(Pd- P o).

(rom  formula (xiv.), which ia as follows,' we kuow that

Titking- n = TI  35,

then  W s = 3-6 A s /— s .

If we neglect W ,„ x V rø, the equation  then becomes :

or

3-6 A, x V s = A ti x 2y (P - P o) ;

A > = 2  7 (Pa ~

Åd 3-6 /^- s x V s

7 vs
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The losses in the delivery nozzle and connections may 
be taken as about 25 per cent, so that an approximation 

is:
A» = ig (V25 A, - Po)

Ad v
v s /

The velocity Vs is thai of the steam at the steam nozzle 
throat, as we are virtually comparing the momentum at 
the said throat with that at the delivery nozzle throat. 
Now, it is known that the velocity at the throat of & 
well-designed nozzle under maximum weight flo w con di- 

tions is equal to: 

= 5-85 Jps vs

when n — 1'135;

then the formula becomes :

 3 (1'25 pd — po) (xxxvii.)

Ad ps

Applying this formula to tlie problem previously worked 
out, and takirig the delivery pressure a-s 95 Ibs. and the 
overflow pressure as 15 Ibs., we get:

A  o (1-25 x 95 - 1.5)

Td “ 90

= 3-125.

If, in our previous calculations, we had not diacarded 
the valne Wi(, x Vw, the formula would have been :

2</ Ad (1-25 pd - Po) - W(„ x Vw (xxxviii) 
’ “ 20-7874

These notes are more or less søhematic,- but are usetful 
as giving an insight into the problems surrounding the 

injector.
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CHAPTER IX.

Exhaust Steam Injectors.

Ev e n  before the advent of tlæ “ Giffard ” injector in 1858 
engineers had endeavoured to make practical use of the 
heat energy represented by the exhaust or waste steani 
from non-condensing steam engines. Such heat energy 
might be utilised as a hea-ting medium, or, by conversion 
into work, as a propulsive force, or botli as a heating 
medium and a propulsive force. Exhaust or waste steam 
also represents a great amount of water which. might be 
recovered.

The chief proposals of the early engineers had, however, 
for their object not the utilisation of the exhaust steam 
as a propulsive force for boiler feed purposes, but the 
©mployment of such steam as a feed-water heating medium.

The prirfciples upon which the construction of exhaust 
injectors is based were first enunciated with a degree of 
accuracy in 1876. The folio wing gives a summaiy 
thereof:—

“ It is known that when steani is condensed a vacuum is 
created, the degree of which is dependent upon the tem
perature of the water of condensation; and when this 
temperature is low, and the vacuum therefore good, it is 
found that the velocity of steam of different pressures flow- 
ing into it does not differ in anything like the proportion 
■)f the pressures.

“ The exhaust injector differs from ordinary injectors in 
having the final cross-sectional area of the steani-inlet 
passage or nozzle much larger in proportion to that of the 
water passage and to that of the 1 tliroat ’ or,smallest 
section of the delivery nozzle than is the practice in 
ordinary injectors, so as to provide for the larger volume 
of the exhaust steam in order to pass about the same 
weight of exhaust as would have been used of ‘ live ’ or 
boiler steam; for it will be understood that, though the 
velocity of the particles of exhaust steam on leaving the
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steam nozzle and entering the vacuum formed in the com- 
bining cone inay be approximately as great as if boiler 
steam of considerable pressure were used, yet the weight or 
quantity of steam passed through a given area will be less 
in proportion to the inferior density of the exhaust steam.”
A typical exhaust steam injector is illustrated at fig. 

59. The following is a detailed description'of the parts 
of the appliance: —

The Steam Nozzle.—The ratio of cross-sectional areas of 
steam inlet nozzle a and delivery nozzle throat adopted for 
exhaust injectors is 16 to 1, as compared with. from between 
2 and 3 to 1 in the case of ordinary live-steam injectors.

As the pressure of the entering steam is but small, 
namely, that of the atmosphere, it is unnecessary to allow 
for any transverse or lateral expansion in the steam nozzle 
a. The latter is thei efore a plain cylindrical tube with 
a rounded or smootli inlet edge.

The Oombining Nozzle.—The length of the combining 
nozzle is usually not less than 15 times the diameter of 
the delivery nozzle throat, so as to ensure satisfactory con- 
densation of the large volume of steam dealt with.

The Delivery Nozzle of an exhaust injector is similar to 
that employed in a live-steam injector.
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Overflow Arrangements.—The remarks made under this 
heading in connection with live-steam injectors apply also 
to exhaust injectors.

The great clifficulty presented by exhaust steam is its 
large volume per unit weight. The overflow aren must 
therefore bc very large to permit a free escape of the jet 
from the combining nozzle when the injector is starting,

Fio. 60.

but the provision of such a large overflow area must not be 
at the expense of the continuity of the support provided 
for the jet by the combining nozzle. It was not until 
1880 that the problem of providing satisfactory arrange
ments was solved, the result being the production of the 
first automatic injector. The solution then provided lav 
in dividing the combining nozzle longitudinally into two



106 THE STEAM INJECTOR.

portions and pivoting one portion, termed the flap, upon 
the other. A “ flap ” nozzle is shown in fig. 59. The 
flap b opens when the injector is starting, but closes when 
the injector is working normally, due to the difference of 
pressures at its opposite sides.

Fig . 61.

Another overflow arrangement as employed upon ex- 
haust injectors is illustrated at fig. 60. The combining 
nozzle is provided with several slots a af right angles to 
its length, and a valve b is provided on the overflow 
chamber to prevent any inflow of air to said chamber.
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Fig. 61 is an external view of the injector illustrated at 

fig. 60. ,
Water Control Arrangements.—The water supply to tiie 

injector is regulated by sliding the steam inlet nozzle a 
away from or towards the combining nozzle c (see fig. 59) 
so as to vary the annular water inlet area d between said 
nozzles. In some cases the steam nozzle is fixed and the 
combining and discharge nozzles are moved relatively 

thereto (see fig. 60). .
The water is admitted as a thin annular film m order to 

present as large an area as possible to the steam for con- 

densation purposes. .
Action of Exhaust Injector.—The velocity ox the m- 

coming exhaust steam is entirely dependent upon the 
degree of vacuum*  at the mouth of the steam nozzlø. To 
produce said vacuum, the presence of both tlie steam ancl 
water is necessary so that tlie former may be condensed 
by the latter. The exhaust steam from an engine is 
generally of sufficient pressure to flow to the injector of 

itself.

* As the degree of vacuum at tlie mouth of the steam nozzle is dependent 
upon tlie temperature of the feed water by which the steam is condensed, 
exhaust injectors are unable to deal with liot feed water.

With an exhaust injector constructed as shown at tags. 
59 ancl 60, the pressure during normal working at the 
mouth of the steam nozzle is generally about 5 Ibs. to 6 Ibs. 

per square incli absolute.
The velocity of saturated steam at a pressure ot 16 Ibs. 

per square inch absolute, containing, say, 20 per cent of 
moisture into a region at a pressure of 6 Ibs. per square 
inch absolute, is 1,640 ft. per second. We will assunie 
that 9 Ibs of cold feed water under a head of 2 ft. are 
mixed with each 1 Ib. of steam. The velocity of the feed 
water into a region at a pressure of 6 Ibs. absolute will be 
about 37 ft. per second. The momentum and velocity of 
the combined steam and water jet is readily obtained as 

follows: —
Momentum of Momentum of  Momentum ot 
steam jet water jet combined jet

1 x 1640 + 9 x 37 = 1973 units.
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That is the velocity per unit mass (1 Ib.) of the jet is 
197 3 ft. per second. If a water jet were discharging from 
a boiler into a region at an absolute pressure of 6 Ibs. per 
square inch, then to give said jet a velocity of 197*3 ft. 
per second, the boiler would require to be under a gauge 
pressure of about 254 Ibs. per square inch. Thus if we 
neglect all consideration of losses, an exhaust injector 
working under the conditions just described should be able 
to feed a boiler under a pressure of nearly 254 Ibs. per 
square inch. To illustrate the actual performance of an 
injector under conditions very similar to those descriLeu, 
the result of a test is here given : —

Exhaust steam 
pressure. 

Pounds per square 
inch absolute.

Feed water 
temperature.

Head of 
Feed water.

, 2 feet

Delivery 
temperature.

Delivery pressure. 
Pounds per square 
inch absolute.

16
Deg. Fah.

60
Deg. Fali.

162 95

The reasons for the low delivery pressure have already 
been fully discussed.

One of the drawbacks of exhaust injectors as made until 
quite recently lias been the lowness of the maximum de- 
livery pressure when exhaust steam alone is employed; 
80 Ibs. by gauge lias been tlie liighest obtainable under 
ordinary working conditions.
To vary the delivery pressure without altering the con- 

struction of the injector or the water head, two courses 
are open, namely: —
(1) To increase the water inlet area, so as to ’ncrease 

the rate of condensation of the steam and intensify the 
vacuum at the steam nozzle mouth.
(2) To recluce the water inlet area, so as to lessen the 

load which the steam has to carry.
Both of these courses can be adopted successfully within 

narrow limits, but eventually the disadvantages outwedgli 
the advantages. Thus, if the water supply is increased, 
there comes a point when the rate of retardation of the 
velocity of the jet through tlie combining nozzle is greater
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thau the rate of increase in velocity due to the increasecl 
vacuum. On the other hand, if the water supply is 
greatly reduced, the decrease in vacuum and consequent 
reduction in the velocity of the entering steam quite over
balances the advantage gained by the reduction of the 
load which the steam has to carry. If the water supply 
is insufficient, the jet will not be condensecl within the 
limits of the combining nozzle, and the injector will not 
work.

Fio. 62.

To improve the working of an exhaust injector it follows 
therefore that the vacuum at the mouth of the steam nozzle 
must be increased without increasing tlie< ratio of water to 
steam.

In the injector illustrated at fig. 62 the object aforesaid 
has been attained by dividing the steam inlet area into 
two portions, one steam jet entering at a and the other 
at e. The whole of the water enters at f. As only a part 
of the steam meets the water in g, condensation is very 
rapid, and a vacuum of from 25 in. to 27 in. mercury is 
produced. The said vacuum is maintained at the supple- 
mentary steam inlet e. Fig. 63 is an external view of an 
exhaust injector of the type illustrated at fig. 62, but 
without the special live steam fittings there- shown.

The theoretical velocity of steam (containing 20 per cent 
of moisture) at 16 Ibs. per square inch pressure absolute
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issuing into a region at an absolute pressure of 2 Ibs. per 
square inch is about 2,260 ft. per second. We will assumo 
that with every pound of steam there is mixed 9 Ibs. of 
water under a head of 2 ft. The velocity of flow of the 
water under a head of 2 ft. into a region at an absolute 
pressure of 2 Ibs. per square inch is about 48 ft. per 
second. The momentum of the combined steam and water 
jet is obtained as follows : —

Momentum of Momentum of  Momentum <>f 
steam + water combined jet

1 x 2260 + 9 x 48 = 2692 units.

from which the velocity of unit mass (1 Ib.) of the combined 
jet is given as 269 ft. per second. To produce a water 
jet discharging into a region at an absolute pressure of 
2 Ibs. per square inch with a velocity of 269 ft. per second 
would require a water pressure (by gauge) of about 
470 Ibs. per square inch. Thus an injector working under 
the above conditions should, if we neglect all consideration 
of losses, be able to deliver into a boiler under a pressure 
of nearly 470 Ibs. per square inch.

The following test of an injector, of the type illustrated 
at fig. 62, under conditions very similar to those just 
considered, will show what the actual performance is: —

Exhaust steam 
pressure. 

Pounds per square 
inch absolute.

Feed water 
head.

Feed water 
temperature.

Delivery 
temperature.

Delivery pressure. 
Pounds per square 

inch absolute.

Feet.
2

Deg. Fah.
60

Deg. Fah.
168 135

The important point is that whilst the proportion of 
water to steam passing through the injector in the test 
just clealt with is practically the same as in the pre.vious 
test (as is evidenced by the uniformity of delivery tempera
tures, with the same steam pressures and feed tempera
tures), the actual delivery pressure is increasied from 
95 Ibs. to 135 Ibs. per square inch absolute.



EXHAUST STEAM INJECTORS. 111RQPONMLKJIHGFEDCBA

T a b le V III , sh o w s c o m p a ra tiv e te s ts o n tw o e x h a u s t 

in je c to rs  c o n s tru c te d . a s  sh o w n  in  f ig s . 5 9 a n d  6 2  re a p e c tiv e ly .

T A B L E  V III .— -C o m p a r a t i v e  T e s t s  o f  O l d  a n d  N e w  

T y p e  E x h a u s t  I n j e c t o r s .

Head of water Sft. in both sets of tests.

I.—O l d  T y p e .

E x h a u s t s te a m  

p ressu re .  

P o u n d s  p e r  sq u a re  

in c h  a b so lu te .

F e ed  w a te r  

te m p e ra tu re .

D e liv e ry  

te m p e ra tu re .

D e liv e ry  p re ssu re .  

P o u n d s  p e r  sq u a re  

in c h  (g a u g e ) .

D e liv e ry .

G a llo n s  p e r  

h o u r .

1 6

D e g . F a h .

6 0

D e g . F a h .

1 6 2 8 0 1 ,8 0 0

1 8 6 0 1 6 6 9 2 1 ,8 0 0

2 0 6 0 1 6 9 1 0 0 1 ,8 0 0

2 2 6 0 1 7 4 1 1 0 1 ,8 5 0

2 5 C O 1 7 6 1 2 0 1 ,8 5 0

L [.— N e w  T y p e .

1 6 \  6 0 1 6 8 1 2 0 1 ,8 0 0

1 8 6 0 1 7 2 1 3 0 1 ,8 0 0

2 0 6 0 1 7 4 1 4 5 2 ,0 0 0

2 2 6 0 1 7 7 1 5 5 2 ,0 0 0

2 5 6 0 1 8 0 1 6 5 2 ,0 0 0

T o  in c re a se th e d e liv e ry  p re ssu re o f th e in je c to r a t f ig . 

6 2 so a s to  a d a p t it to w o rk a g a in s t a n y  p re ssu re , o n e  

liv e s tea m  n o z z le h o n ly is e m p lo y e d . W ith e a r lie r e x 

h a u s t in je c to rs , a s a t f ig . 5 9 , b o th a liv e s tea m  n o z z le a s  

h a n d  a su p p le m e n ta ry  liv e  s te am  in je c to r w e re  n e c e ssa ry .

T o w o rk th e e x h a u s t in je c to r w h e n liv e s te am  is n o t  

a v a ila b le , a s , fo r e x a in p le , w h e n  th e  e n g in e to  w h ic h th e  

in je c to r is f itte d  is n o t w o rk in g , a c o n n e c tio n is p ro v id e d  

th ro u g h  w h ic h liv e s te am , th ru ttle d  d o w n  to  a tm o sp h e ric  

p re ssu re , c a n f lo w . In  th e in je c to r illu s tra ted  a t f ig . 6 2  

su c h  th ro ttle d  liv e s te am  in le t is a t k.
T o  e n su re  th e  e x h a u s t s te am  su p p ly  to  a n  in je c to r b e in g  

a s d iy  a s p o ss ib le , th e  in je c to r s tø a m  p ip e  sh o u ld  b e  c o n -  

n e c ted  to  th e  to p  o f th e  e n g in e  e x h a u s t p ip e  if th e  la tte r  is
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horizontal, or to the side of same if it is vertical. The 
application of an exhaust injector to a range of boilers is 
shown in fig. 64.

Fig . 63.

The correct size of injector for feeding any particular 
boiler is determined by the evaporative power of the boiler.
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Tö determin© the quantity of steam available per minute 
from an ©ngine for working an injector, the area of the 
engine piston is multiplied by the speed of the piston, 
i.e., area in feet x stroke in feet x 2 x number of revo
lutions per minute. Thus an engine having a piston of 
15 in. diameter, stroke 2 ft. 6 in., and running at 80 
revolutions per minute will provide about 491 cubic feet 
of steam per minute. The following table shows the quan
tity of steam required and the amount of water delivered 
by the various sizes of exhaust injector. If, however, the 
engine supplying the- injector with steam is lightly worked, 
or cut-off takes place earlier than half stroke, the available 
quantity of exhaust steam found by the above method 
should be halved before using tlie table.

TABLE IX.—Ta b l e s h o w in g St e a m r e q u ir e d  a n d  Wa t e r  
DELIVERED FOR EACH SIZE OF ExHAUST INJECTOR.

Size of injector.
Maximum amount of water 

delivered per hour.

Minimum quantity of 
exhaust steam required 

per minute.

Nnmber. Gallons. Cubic feet.

2 60 26

3 150 60

4 270 100

5 420 156

6 600 225

7 830 306

8 1,080 400

9 1,370 506

10 1,700 625

11 2,050 756

12 2,450 9C0

13 2,870 1,056

14 3,330 1,225

15 3,S20 1,406
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Fig. 65.
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The exhaust steam from an engine contains a certain 
proportion of oil or grease suspended therein, and as it is 
very undesirable to allow any grease to pass into the boiler 
with the feed water on account of its injurious effects upon 
the boiler plates and tubes, grease separators are often 
fitted on tlie steam pipe between the engine and the 
injector. As a rule, however, grease separators are not 
•employed except upon locomotives.

The general method of fitting up an exhaust injector 
with a supplementary live steam portion on a locomotive 
is illustrated at fig. 65.

The great saving efi’ected by tlie use of exhaust injectors 
in connection with non-condensing engines will be readily 
appreciated by simple calculations according to formula 
(xxx.). The exhaust steam utilised in the injector not only 
represents the saving of a great number of heat units, but 
also the saving of a large quantity of water—both points 
of great importance.

As an example of the economy to be effected by the use 
of an exhaust injector, suppose the steam boiler being fed 
by the latter to be working at 120Ibs. per square inch abso- 
lute, wliilst the feed water supplied to tlie injector is at GO 
<leg. Fah, and suppose that the latter water is pumpeel 
directly into tlie boiler at a temperature of 60 deg; Fah., 
then the total heat units above 32 deg. Fah. required from 
the boilei' furnace to evaporate 1 ]b. of the water at a 
pressure of 120 Ibs. absolute are 1,158. If now tlie feed 
water be passed through the injector and be lieated to 168 
deg. Fah., then tlie boiler furnace will have to give only 
1,0'50 heat units to evaporate 1 Ib. of the water at 120 Ibs. 
absolute pressure. This represents a gain of 108 units of 
heat or 9'3 per cent. A saving of 10 per cent in coal con- 
sumption is generally reckoned as the result of the employ- 
ment of an exhaust injector. L’ess cold water will, of 
course, be drawn from the feed tank; as tlie exhaust steam 
provides about one-ninth of the total'water delivered into 
the boiler.
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CHAPTER X.

Compound Injectors.

In our discussion of the steam nozzle we referred to that 
arrangement of lifting and forcing steam nozzles in which 
the incoming water jet is caused to move with a high 
velocity before it is acted on by tlie forcing steam jet.

In compound injectors, two steam nozzles—-termed lift
ing and forcing nozzles—are employed. The watei' jet is 
given a high velocity by the lifting nozzle, such velocity 
being then converted into pressure in a diverging nozzle, 
and again reconverted into velocity at the entrance to the 
combining nozzle of the forcing portion. A compound 
injector is simply two injectors, the one—termed tlie 
forcer—receiving the delivery of the other termed the 
lifter.

A compound injector is illustratecl at fig. 66. Tlæ lift
ing portion' comprises a steam nozzle a, a watei’ inlet b, and 
a combining delivery nozzle c. The jet issuing from the 
latter nozzle passes to the inlet end of the combining 
delivery nozzle d of the forcing portion, wliere.it is acted 
on by the steam jet from the forcing steam nozzle e. The 
steam valves g and h of the steam nozzles are operated by 
a cross bar i from a rod j connected to the hånd lever k, 
which also operates the overflow valve m by means of a 
connecting link and eccentric. To start the injector the 
hånd lever k is pulled towards the left in the illustratecl 
example, and first opens the overflow valve m and at the 
same time moves the bar i to open the steam valves. As, 
however, tlie area of the forcing steam valve h is larger 
than that of the lifter valve g, the steam holds the former 
valve upon its seat and the latter valve is opened. When 
water appears at the overflow, the lever k is given a further 
movement to the left, which closes the overflow valve m 
and opens the forcing steam valve h. Delivery is then 
cffected into the boiler being fed.

The lifting portion of the compound injector is designed 
on thø lines of an ejector; that is to say, tlie effective
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(or throat) area of the steam inlet nozzle is less than the 
effective (or tliroat) area of the delivery nozzle, so as to 
ensure a very strong suction effect in the water supply 
pipe. The forcing portion of the appliance is designed 
solely as an injector; that is, with the effective ste-am 
inlet area greater than the effective delivery area, so as to 
give a jet of maximum velocity.

Fig . 66.

The quantity of water passed by the lifting portion of 
the injector to the forcing portion varies with variations in 
tlæ pressure of the steam entering the injector; hånd 
regulation of the steam supply to suit the steam pressure 
is therefore unnecessary.

To vary the quantity of water delivered by a compound 
injector when the steam pressure remains constant, the 
flow of steam to the lifting steam nozzle is controlled.
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In  t lie  a r ra n g e m e n t i l lu s tra te d  a t f ig . 6 7 , th e  f ir s t m o v e -  

m e n t o f th e  h a n d le a o p e n s  th e p ilo t v a lv ©  b a n d  a llo w s  

s te a m  to  p a s s th ro u g h  t l ie  c h a m b e r c to  th e v a lv e  d c o n -  

t ro l l in g t l ie e n tra n o e to t l ie l if t in g  s te a m  n o z z le . B y  

m a n ip u la t in g  th e v a lv e d th e s te a m  s u p p ly o f th e  l i f te r  

a n d  th e re fo re  th e  q u a n tity  o f  w a te r  d ra w n  in to  th e  in je c to r  

a re  v a r ie d , b u t th e s te a m  s u p p ly to th e fo rc e r re m a in s  

u n a lte re d . In  o th e - r c a s e s th e  w a te r s u p p ly  is  th ro tt le d  in  

th e  fe e d  s u p p ly  p ip e .

S o m e id e a  o f th e  c a p a b il i t ie s o f th e  c o m p o u n d  in je c to r  

w ill b e  g iv e n  b y  th e  fo l lo w in g  ta b le  :  —

T a b l e  s h o w i n g  c a p a b i l i t i e s  o f  a  C o m p o u n d  L i v e - s t e a m  

I n j e c t o r .

S te a m  p re s s u re , p o u n d s  p e r  s q u a re  in c l i . . 3 0 4 5 6 0 -1 2 0 1 3 5 -1 5 0 1 6 5 -1 8 0

L if t  in  fe e t w itl i c o ld  fe e d  w a te i ' . . .. . .. . .. . .. 1 6 | 2 0 1 6 J 1 3

F e e d  w a te r te m p e ra tu re  p e rm is s ib le  w ith  

w a te r  u n d e r  h e a d , d e g . F a h . . .. . .. . .. . .. . .. . . 1 3 0 1 4 0 1 5 0 1 4 6 1 4 5

M a x im u m  fe e d w a te r te m p e ra tu re w ith
6  f t . l i f t, d e g . F a li . . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. 1 2 0 1 3 5 1 4 0 1 3 5 1 3 0

C o m p o u n d in je c to rs s h o u ld g iv e a t le a s t a n  o v e r -p re s -  

s u re o r  e x o e s s o f d e liv e ry  p re s s u re  o v e r s te a m  p re s su re  o f  

1 2  Ib s . to 1 5  Ib s . w ith s te a m  p re s s u re s u p to 6 0  Ib s .,  

2 0  Ib s . w ith  s te a m  p re s su re s f ro m  6 0  Ib s . to  1 2 0  Ib s ., a n d  

a b o u t 3 0  Ib s . o v e r -p re s s u re  fo r h ig h e r s te a m  p re s su re s .

T h e  te m p e ra tu re  o f  th e  w a te r  d e liv e re d  f ro m  a  c o m p o u n d  

in je c to r is o n a n a v e ra g e  8 0  d e g . F a h . h ig h e r th a n  th e  

te m p e ra tu re o f th e in je c to r s u p p ly w a te r . T h u s i f th e  

in je c to r re c e iv e s i ts fe e d  w a te r a t a te m p e ra tu re  o f 1 4 0  

d e g . F a h ., th e  d e liv e ry  te m p e ra tu re  w ill b e  a b o u t 2 2 0  d e -g . 

F a h ., o r  a b o v e  b o il in g  p o in t. I t w ill, o f c o u rs e , b e  u n d e r 

s to o d th a t th e  a c tu a l in c re a s e in  th e  te m p e ra tu re o f th e  

w a te r  d e liv e re d  b y , o v e r  th a t o f  th e  w a te r  s u p p lie d  to , th e  

in je c to r d e p e n d s u p o n th e p re s su re o f th e s te a m . T lie  

a m o u n t o f  th e  in c re a s e  is  le s s  fo r  lo w e r  p re s su re s  a n d  s o m e -  

w h a t h ig h e r w ith h ig h  p re s su re s . F ig . 6 1 is a g e n e ra l  

v ie w  o f a  c o m p o u n d  l iv e  s te a m  in je c to r .
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When discussing tli-e exhaust injector, we referred to the 
difficulty experienced for many years in making this class 
of appliance deliver against pressures greater than from

80 Ibs. to 90 Ibs. per square inch. To overcome this 
difficulty a compound appliance was used comprising an 
exhaust injector with a small live steam nozzle concentric
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with the exhaust steam nozzle, and a supplementary live 
steam injector receiving the delivery from the exhaust 
injector and forcing it into the boiler being fed.

A typical example of this class of injector is illustrated 
at fig. 69. In this, a indicates the exhaust steam intet 
nozzle, b the small live- steam nozzle of the exhaust portion, 
c the water inlet, and d the live steam nozzle of the supple
mentary live steam portion. The delivery from the 
exhaust portion passes by way of the pipe e to the supple-

St eam

SUCTIO"

Fig . 68.

mentary live steam portion. As the temperature of the 
final delivery water is well above boiling point, there is, 
even during normal working, a pressure above atmospheric 
in tlie overflow cliamber f of the supplementa ry live steam 
portion. The overflow valve g of such cliamber has there- 
fore to be loaded. In the illustrated case this is effected 
by the pressure in the delivery cliamber of the supplemen
tary injector through tlæ piunger h and lever i. When 
exhaust steam is not available for working the exhaust 
portion of the injector, live steam throttlecl clown to atmo- 
spheric pressure is supplied to the nozzle a.



F ig . 69.
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The operation of the compound exhaust injector illus- 
trated at fig. 69 may be briefly described as follows: 
The exhaust steam. at a temperature of 212 (leg. Fah. 
coming from the engine or other source of supply passes 
first through a grease separator, if such is required, and 
then enters the injector, meeting the feed water, which 
is under a head, and which is at a temperature' of, say, 
50 deg. Fah. Condensation of the steam immediately 
takes place and a vacuum is formed. The small live 
steam nozzle b, known as the inducer, serves to increase the 
flow of exhaust steam to the injector. The combined jet 
of condensed steam and water rushes through the combin- 
ing nozzle into the delivery nozzle of the exhaust injector. 
In the latter nozzle the kinetic energy of the jet is con- 
verted into pressure energy, and the jet leaves the exhaust 
injector at a temperature of about 180 deg. Fah.; tlie 
temperature of the fee-d water has been raised 130 deg. 
Fah. in the exhaust portion of the injector. The delivery 
from the latter now passes to the supplementary live steam 
portion. Here it is acted on by a jet of live steam, which 
raises the temperatui’e of tlie water from 180 deg. Fali. 
to about 280 deg. Fah., and gives it sufficient pressure to 
overcome that in the boiler which is being fed. The very 
high final deliverery temperature will be noted. If a live 
steam injector only had been feeding the boiler under the 
same conditions as the compound exhaust injector, tlie 
delivery temperature- would have been about 1601 deg. 
Fah.
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Questions.

(1) Define an injector, and describe the essential parts 
of same, giving particulars of their functions.

(2) The pressure of the steam entering the steam nozzlo 
of a live-steam injector is 200 Ibs. per square inch absolute, 
and the pressure at the delivery end of said nozzle is 5 Ibs. 
per square inch absolute (vaouum. of 20 in.). Describe and 
illustrate with rough diagrams the nature of the pressure 
drop in and beyond tlie nozzle if tlie latter is of («) con- 
vergent and (b) divergent form. What shape do you 
recoinmend for the inlet to the nozzle throat, and what 
taper for the outlet from said throat? What is the effect 
of having the degree of clivergence of the outlet too great?

(3) Derive a formula for calculating the ratio of areas 
of a steam nozzle throat and mouth to provide for any 
desired pressure drop between said points, and calculate 
the -said ratio for steam of a boiler pressure of 150 Ibs. 
per square inch absolute discharging into a vacuuni of 
28 in. (1 11). per square inch absolute pressure). Can you 
give any simple approximate formula for obtaining said 
ratio of areas?

(4) What form of nozzle do you recommend to obtain the 
greatest velocity of discharge of steam? What is the 
effect of («) under and (&) over expanding the steam upon 
its velocity of discharge? At what point of a steam nozzle 
does tlie greatest wear take placc?

(5) Describe and illustrate by a sketch an arrangement of 
separate concentric lifting and forcing steam nozzles for 
an injector. What special overflow arrangement is 
necessary for this arrangement of nozzles? Describe and 
illustrate a form of valve for controlling both the lifter 
and forcer in an effeetive manner.

(G) Describe tlie funetion of an injector combining nozzle, 
and set out tlie cbief factors which enter into the deter
mination of the design or shape and length bf the nozzle. 
What is considered a suitable length of combining nozzle 
(compared with the diameter of the delivery nozzle throat) 
for a hot-water injector?
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(7) Wliere does the greatest wear take place in an in- 
jector combining nozzle and what are the causes of such 
wear ? Describe and illustrate a form of combining nozzle 
which is particularly advantageous for use when wear is 
excessive.
(8) How do you recommend that the jet delivered from 

the combining nozzle bo treated to obtain the greatest 
delivery pressure? Give a form ula showing the effect of 
any treatment you propose upon the velocity of said jet.
(9) Draw an injector delivery nozzle of conical form of 

3 in. lengtli having its smallest diameter one-lialf the 
largest, and give velocity and pressure eurves for said 
nozzle assuming the initial velocity to be 100 ft. per second 
and the initial pressure head of the jet to be zero.
(10) Design an injector delivery nozzle to give a pressure 

curve such that the difference between the pressures at any 
hvo equidistant sections of tlie nozzle is the same.
(11) What is the effect of employing a delivery nozzle 

with too rapid a taper? Wliere cloes the greatest wear 
of the delivery nozzle take place? Describe a methocl of 
minimising the effect of such wear upon the throat area 
of tlie nozzle.
(12) The velocity of the jet at the throat of the delivery 

nozzle of an injector is 150 ft. per second, the diameter of 
the throat is "8 in., and the density of the jet at that point 
59 Ibs. per cubic foot. How much water cloes the injector 
deliver per liour? If tlie- water entering the injector were 
cooled so that the. density of the delivery jet was increased 
to 60 Ibs. per cubic foot and the velocity to 160 ft. per 
second, what would be the increase in tlæ amount of water 
delivered per liour?
(13) What provision would you make in an injector to 

make it a lifting appliance? What is meant by an auto- 
matic appliance? Describe three forms of automatic 
arrangements.
(14) Discuss the variations of pressure in tlie combining 

nozzle at various points in its length, and describe a satis- 
factory arrangement of overflow apertures or the like which 
provide for automatic working of the injector.
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(15) What is the difference in the requirements as to 
overflow arrangements between an injector working with 
cold feed water and one working with liot feed water and 
high-pressure steam ? Describe an arrangement of over
flow apparatus suitable for the latter injector.

(16) Why is the pressure in the clelivery chamber of an 
injector not entirely satisfactory for loading the overflow 
valves1? Describe a method of neutralising the disadvan- 
tages of the use of such pressure for such purpose.

(17) Discuss the requirements of injector overflow 
arrangements.

(18) What is the effect of varying the pressure of the 
steam entering an injector whilst maintaining the supply 
of water and the water temperature constant? Discuss the 
matter in all its bearings.

(19) Describe a means for automatically varying the 
water supply to an injector to suit requirements, and set 
out the principle on which it is baseel.

(20) What is an adjustable injector? Describe and 
sketch one form of same.

(21) What is a “ one-movement ” injector. Discuss the 
advantages or disadvantages of controlling the water 
supply of an injector by («) moving the steam nozzle, (b) 
moving the combining nozzle, (c) water valves external to 
the injector.

(22) How is the velocity of discharge of steam affeeted 
by the presence of moisture in the steam ? Give a velocity 
formula, and make one or more calculations to show the 
effect you set out.

(23) Give a general formula, based upon the pressure 
and volume of a fluid before and after discharge and upon 
a coefficient, for calculating the velocity of discharge of a 
fluid. What is the valuc of the coefficient for (å) dry 
saturated steam, (6) superheated steam, and (c) air, all 
expanding adiabatically.

(24) What is meant by the expression <r maximum 
weight flow of steam”? Fully describe the phenomenon, 
and discuss the conditions neoessary to obtain same.

(25) Calculate the weight of steam disoharged per
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minutefrom a boiler under a pressure of 219 Ibs. per square 
inch absolute into tlie atmosphere through an aperture of 
‘006 square foot area. An approximate formula may be 
used for this calculation. What would be the difference 
in the discharge if the exhaust pressure, instead of being 
atmospheric, were («) 131 Ibs. per square inch absolute, 
and (&) 160 Ibs. per square inch absolute?
(26 ) Compare the velocity, mass, momentum, and kinetic 

energies of two fluids of dift'erent clensities issuing through 
orifices of equal cross-sectional area from a vessel under 
pressure. What is the water velocity equivalent of 23 Ibs. 
pressure per square inch absolute, taking the density of 
water as 60 Ibs. per cubic foot?
(27 ) An injector under test gives the following result: —
Steani
pressure, Feed-water Height
Ibs. per temperature, of
sq. inch deg. Fah. lift.
absolute.

100 60 3 ft.

Pressui-e at 
point where 
steani 
and water 
unite.

5 Ibs. per 
sq. in. abs

Delivery
Delivery pressure, 
temperature, Ibs. per
deg. Fah. sq. inch 

absolute.

140 120

(</) Calculate the ratio of water to steam passing through 
the appliance

(c) Calculate the theoretical velocity of inflow of the 
steani and water.

(d) Calculate, neglecting aH consideration of losses, what 
the delivery pressure and temperature of said 
injector should have been under ideal conditions.

(e) Calculate the heat units (contained in eacli 1 Ib. of 
steam used) lost from the injector by radiation, 
the heat units actually used to produce the cleli- 
verv and g’ive the number of heat units 
utilised- in heating the feed water.

(f) Calculate the efficiency of the injector as a pump.

(28) What are the quantities or valnes which affeet the 
ratio of water to steani passing through an injector?
(29) Describe an exhaust injector, pointing out its limita- 

tions. What is the chief difference between an exhaust 
and a “ live ” steam injector? Can an exhaust injector 
lift its feed water ? If so, under what conditions ?
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(30) What methods are practicable for increasing the 
delivery pressure of an injector without altering its con- 
structional details? What are the limitations to such 
methods ?

(31) Describe tlie reasons for and the precautions neces- 
sary in fitting up and using an exhaust steam injector.

(32) Estimate the eoonomy of steani and water obtained
(33) Describe a compound or double injector, and discuss 

by the use of an exhaust injector.
its merits or demerits as compared with a simple injector 
having concentric lifting and forcing steani nozzles.

(34) Describe a form of compound injector in which ex
haust steani is employed along with live steam, giving 
particulars of the approximate gradations of pressure and 
temperature of the deliverv jet as it passes through the 
appliance.

(35) An injector using steani of 120 Ibs. per square inch 
absolute pressure, water at 1.00 deg. Fah., and having tlie 
overflow pressur© atmospheric, tlie delivery pressure 
145 Ibs. per square inch absolute, and the delivery tem
perature 180 deg. Fali., draws 14,400 Ibs. of water per 
hour from the hot well. Ascertain approximatelv the 
throat area of the steam nozzle and the throat area of tlie 
delivery nozzle.

(36) What is meant by tlie maximum velocity of efflux 
of steani from a vessel? Give a formula to determine this 
maximum. Is there such a thing as a maximum velocity 
of discharge (independent of the exaot exhaust pressure 
conditions) into an exhaust space?

Jo h n  He y w o o d  Lt d ., Excelsior Priuting and Bookbinding Works, Manchester.
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dents, Draughtsmen and others. By C. H. In n e s , M.A., Lecturer 
011 Engineering at the Rutherford College, Newcastle-on-Tyne. 
Second Edition. Crown 8vo. Cloth, price 4s. 6d. net, post free 
5s. net, abroad 5s. 3d. net. 21.

“Of muehvalueto draughtsmen and engineers, to whom we cordially recom- 
mend it.”—  Meehanical World.

“That the book will be valuable to many there can be no doubt, and it is 
to be cordially recommended to the netiee of engineering students.”—Steamship. 

LOCI IN MECHANICAL DRAWING. PART III. Piston 
Acceleration. By Al e x r . Ma c La y , B.Sc ., C.E., &c.
Demy 8vo. Cloth, with numerous illustrations, price 2s. 6d. net, 
post free 2s. 9d. net, abroad 3s. net. 22.

“ The comprehensive and clear treatment of this subject in the present work 
should at once make the book a standard of reference on this topio, and it should 
form a most acceptable addition to the working library of every draughtsman and 
designing engineer.”—Marine Engineering.

MODERN GAS AND OIL ENGINES. Profusely illustrated.
A full and exhaustive Treatment of the Design, Construction 
and Working of Gas and Oil Engines up to date. By Fr e d e r ic k  
Gr o v e r , As s o c . M. Inst. C.E. Fifth New and Enlarged Edition. 
Crown 8vo. Cloth, price 5s. net, post free 5s. 6d. net, abroad 
5s. 9d. net. 23.

“ It is clear that those interested in gas and oil engines have recognised the 
usefulness of this work.”—The Ironmonger.

“This fresh matter comes as a welcome addition to a work whose value is 
already appreciated by practical engineers.”—The Builder.

“ In its revised form it should meet with the inereased appreciation of draughts
men and others interested in the design and operation of gas and oil engines.”— 
Meehanical World.

“Modern Gas and Oil Engines’ is an almost ideal text-book on the important 
subjects which occupy its pages. It is no refleetion upon other eminent men who 
have written, and written with great ability, to say that Mr. Grover’s work 
surpasses them all in its coneise, lucid, and thorough practical line of exposition.” 
—Science and Art of Mining.

HEAT AND HEAT ENGINES. A Treatise on Thermo- 
dynamics, as Practically Applied to Heat Motors. Specially 
written for Engineers. By W. C. Po ppl e w e l l , M.Sc . Crown 
8vo. Cloth, price 6s. net, post free 6s. 6d. net, abroad 6s. 9d. 
net. 24.

“The volume is one which we have pleasure in commending to the attention of 
those engineers who wish to gain a clear conception of the elementarv laws of the 
heat engine.”—The Engineer.
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THE THETA = PHI DIAGRAM. Practically Applied to Steam, 
Gas, Oil and Air Engines. By He n r y  A. Go l d in g , As s o c . M. 
Inst. M.E. 3s. net, post free 3s. 4d. net, abroad 3s. 6d. net. 25.

‘ 1 The most exhaustive and complete treatment upon the subject of entropy that 
we have seen.”— Machinery.

“ The vvork evidently supplies a void, as hitherto the information it gives was 
scattered about in the “Proceedings” of technical societies. . . . The work is 
well timed, and should prove useful to a large circle of readers.”—Engineer’s 
•Gazette.

“There can be no question of the importance to designers of steam engines of a 
caieful study of the Theta-Phi Diagram, and it must be conceded thatMr. Golding 
provides a work which renders this knowledge readily accessible.”—Britisk Tråde 
■J ournal.

MODERN POWER GAS PRODUCER PRACT1CE AND 
APPLICATIONS. By Ho r a c e  Al l e n . Price 6s. net, post free 6s. 6d. 
net, abroad 6s. 9d. net. 26.

Should be of great practical value to those who are installing producer plant.” 
—Page’s Weekly.

“Will be a useful addition to an engineer’s library.”—Times.
“The book should be heartily welcomed by every one interested in the subject.’ 

—Power.
“It is a useful and up-to-date treatise on a subject of growing importance.”— 

Meehanical World.

EXPERIMENTS ON THE PRESSURE AND EXPLOS1VE 
EFFICIENCY OF MIXTURES OF ACETYLENE AND AIR. 
By Fr e d e r ic k Gr o v e r , A.M. Inst. C E., M.I. Mech. E., Author 
of “ Modern Gas Engines ” &c. Price Is., post free ls. Id. net, 
abroad ls. 3d. net. B 19.

PRINCIPLES OF FITTING. By J. G. Ho r n e r . Price 5s. net, 
post free 5é. 3d. net, abroad 5s. 6d. net. B 52.

TURNING LATHES. A Manual for Technical Schools and 
Apprentices. A Guide to Turning, Screw-cutting, Metal Spin- 
ning, &c. &c. With 194 Illustrations. By J. Lu k in , B.A. Demy 
8vo. Cloth, price 3s. net, post free 3s. 4d. net, abroad 3s. 6d. 
net. B 46.

THE RESISTANCE AND POWER OF STEAMSHIPS. 
By W. H. At h e r t o n , M.Sc ., and A. L. Me l l a n b y , M.Sc . Piice 
5s. net, post free 5s. 4d. net, abroad 5s. 6d. net. 27.

“ The book will appeal to marine engineers and shipbuilders, and, in faet, to 
all who are interested in watching the development of steamships.”—Scientific 
American.

“ The book merits a place as a standard aid to the marine engineer and ship- 
builder.”—The Steamship.

“ One of the admirable series of text-books published by the Technical Publish- 
ingCo., Ltd. . . . The authors are to be congratulated.”—British Trade Journal. 

MARINE ENGINEERS : THEIR QUALIFICATIONS AND 
DUTIES. With Notes on the Care and Management of 
Marine Engines, Boilers, Machinery, &c. By E. Co n s t a n t in e , 
Assoc. M. Inst. C.E., M.I. Mech. E. Second Edition. Crown 8vo. 
Cloth, price 5s. net, post free 5s. 4d. net, abroad 5s. 6d. net. 28.

“ It is a masterly book of instruction, and the author can be congratulated upon 
having produced a really useful and serviceable manual.”—Western Mail.

“We record with pleasure the advent of the second edition of this both useful 
and interesting book.”—The Model Engineer.

“ We recommend this book to all who desire to beconie sea-going engineers.”— 
The Steamship.



10

THE NAVAL ENGINEER AND THE COMMAND OF 

T H E S E A . B y F r a n c i s G . B u r t o n , au thor of “E ngineering  

E stim ates and C ost A ccoun ts,” & c. C row n 8vo . C lo th , price  

2s. 6d. net, post free 2s. 9d . net, abroad  3s. net. 29 .
“ T he sto ry is w ritten by one w ho  has  obv iously  carefu lly  studied  the  sub jecfr 

and  know s  w hat he  is w riting  abou t.”— Naval and Military Record.

TRUTH ABOUT THE BELLEVILLE BOILER IN THE 

B R IT ISK N A V Y . B y E n g i n e e r  W i l c k e . P rice Is . 6d . netr 

post free Is . 9d . net, abroad  2s. net. 30

CONTINUOUS CURRENT DYNAMOS AND MOTORS 

A N D T H E IR C O N T R O L . B y W . R . K e l s e y , B .S c ., A .I.E .E ., 

F .Ph .S ., E lectrical Inspecto r under the B oard of T rade T o the  

T aun ton C orporation . N ew and R e-w ritten S econd E dition.  

C row n 8vo . C lo th , price 7s. 6d . net, post free 8s. net, abroad  
8s. 3d . net. 31 .

“ T he boo k m ay be safe ly recom m ended to  all w ho  take  a  practica l in terest in- 
con tinuous  curren t m achines.”— Model Engineer.

“ T he book has m any featu res w hich the practica l designer and bu ilder of  
dynam os  and  m otors w ill apprecia te .”—  Mechanical World.

“ W e ean confiden tly  recom m end  th is  book as  a  sim ply -w ritten  and  thorough ly  
practica l in troduction  to  the  study  of con tinuous curren t m achinery .”— Electrical 
Magazine.

ELECTRIC LIGHTING FOR MOTOR CARS. B y M a r k s  

and  C l e b k . P rim arily  in tended  fo r D esigners and  M anufactu rers. 

of E lectric L igh ting A pparatus fo r M otor V ehicles. C ontains  

specia l chap ters on “ T he T heory  of M otor C ar H ead ligh ts,”  by  A . 

C . W . A ld is, E sq ., M .A . (C an tab j,and  “P hotom etric O bservations,”  

by  G . A . S hakespeare , E sq ., M .A ., B .S c., L ectu rer at U niversity of  

B irm ingham . N early 50 Illu strations. C row n 8vo . C lo th T 

price 3s. 6d . net, post free 3s. 9d . net, abroad  4s. net. B 15 .
“  T he  book  is no t likely  to  stop  at the  first ed ition .”— The Electrician.

ELECTRICAL TERMS AND PHRASES. In S horthand  

(P itm an ’s). E specia lly  valuab le to  the S horthand  W riter in  E ngi

neering  O ffices. B y  E . J. R u t l a n d . P rice  ls . net, post free  Is . 3d .. 

net, abroad  ls . 6d . net. B 21.

ELECTRICAL MEASURING INSTRUMENTS AND 

S U P PL Y M E T E R S . B y H . W . M o r e t o n . F ully illu stra tecL  

C row n 8vo . C lo th . [Ready Shortly. 55 .

THE A B C OF THE DIFFERENTIAL CALCULUS. B y  

W . D . W a n s b r o u g h , au thor of “  P ortab le E ngines,” “  P roportions  

and M ovem ent of S lide V alves,” & c. C row n 8vo . C lo th , price- 

3s. net, post free 3s. 3d . net, abroad  3s. 6d . net. 32 .
“  If any  m an  can  grasp  the  C alcu lus, the  au thor of th is little  book  shou ld  enab le  

h im  to  do  so , fo r he  has pu t the  m atter as clearly  as  it is possib le todo .”— Cassier’s- 
Magazine.

“T he book is the clearest exposition  by  far of the  fundam ental theories of the- 
C alcu lus w e have seen . . . M r. W ansbrough ’s book  is really  en terta in ing  ; one  
sm iles at its  sim plic ity .”— The Engineer.

“  H aving  in  v iew  the  character of the  sub ject, the  faet of a  second  ed ition  being- 
requ ired is ev idence that the attem pt has been  successfu l, and  that the ‘ pain less  
treatm en t fo r d ifferen tia l calcu lus  ’ has  at last been  effeeted .”— Mechanical World.

“  W e should  recom m end  every  studen t  of m athen ia tics  w ho  desires  to  tho roug-h ly  
grasp  the  essen tia l princip les of the  C alcu lus  to  m ake  use  of th is  w ell-nam ed  A  B  C .

“ . W e w ere beguiled  in to read ing the  w ork  righ t th rough . . . and  are  
boun d to adm it that the  d ifflculties  of the  C alculus seem ed  to  d isappear one  af  ter  
ano ther.”— Page’s Magazine'.
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MACHINES AND TOOLS EMPLOYED IN THE WORK=

ING OF SHEET M ETALS. By R. B. H o d g s o n , A.M .I. M ech. E.r 
author of “ Emery Grinding M achinery.” Crown 8vo. Cloth, 

price 4s. 6d. net, post free 5s. net, abroad 5s. 3cl. net. 33.
“There is a scarcity of technical literature on Presses, Press Tools, &c. M r.

Hodgson ’s book will be welcomed by engineers and students desirous of g-aining a 
better knowledge of theoretical and  practical sheet metal working. . . . Those 
of our readers who are interested in the working of sheet metals will find M r. 
Hodgson ’s book very interesting and useful.”— Iron and Steel Trades Journal.

“  A  most valuable and helpful handbook on the subject. It covers a very wide 
range. The explanations are singularly clear and concise.”—Birmingham News.

“The book gives a comprehensive and clearly written account of its subject, 
fully illustrated by plans and diagrams, and full of useful instruction.”—The 
Scotsman.

“Abook which should prove advantageous to both employers and workmen 
engaged in iron and engineering- trades. ... In consequence of its admirable 
treatment the book is one that will convey to the ordinary working- man that 
which it would be exceeding-ly difficult for him to grasp in any other form.”—  
Wolverhampton Express and Star.

THE MANUFACTURE OF IRON AND STEEL TUBES.
By Ed w a r d C. R. M a r k s , A s s o c . M . Inst. C.E., &c. &c. 

Second and Enlarged Edition. Crown 8vo. Price 5s. net, 
post free 5s. 6d. net, abroad 5s. 9d. net. 34.

“ A  very serviceable little guide to a most important industry.”—The Surveyor.
“The book should prove a useful handbook for manufacturers and others- 

interested in the subject.”—Scientific American.
SCREWS AND SCREW MAKINO. Including an account 

of the origin of W hitworth ’s, Swiss, British Association, and 
American Threads, &c., with 95 Illustrations. Demy 8vo. Cloth, 

price 3s., post free 3s. id. net, abroad 3s. 6d. net. B41.

TIN-PLATE WORKING. By R. H. C l a r k e . An Up-to-clate 
Practical Handbook for the Tinsmith, Student and Amateur. 
Specially compiled for the M anual Training Teachers’ City and 

Guilds Examination. Price Is. 6d. net, post free Is. 9d. net,, 
abroad 2s. net. 35.

“ A  very practical handbook.”—Electrical Reriew.
“  Altogether a well thought out little manual.”— Ironmonger.
“This well-illustrated and well-turned-out book deserves and has our hearty  

recommendation.Manua l Training.

SIMPLE STRUCTURAL WOODWORK. By G e o r g e F.
Rh e a d (National Silver M edallist). The Popular Technical 

M anuals, No. 2. This book comprises  a series of practical examples 
for schools, handicraft classes, and the home, planned to meet 

requirements of the City and Guilds Institute examinations.

Crown 8vo. 120 pages. Price 2s. net, post free 2s. 3d. net, 
abroad 2s. 6d. net. 36.

“  M anual training teachers and scholars will be glad to avail themselves of this, 
little book.”—Work.

“The purpose is well fulfilled, the text being lucid and practical and the illus
trations excellent.”—Surveyor Municipal and County Engineer.

SPL1CING WIRE ROPES. By W . N. B r j t n t o n . Price 6d.,. 
post free 7d. net, abroad 9d. net. B  43.

THE EVOLUTION OF MODERN SMALL ARMS AND

AM MUNITION. By E. C. R. M a r k s . Price 5s. net, post free 
5s. 6d. net, abroad 5s. 9d. net. B  44.



12

THE CHEMISTRY OF MATERIALS OF ENGINEERING

B y A . H u m b o l d t  S e x t o n . Professor of M etallurgy, G lasgow  
and W est of Scotland Technical C ollege. Third Edition. C row n  
8vo. Price 5s. net, post free  5s. 6cl. net, abroad  5s. 9d. net. 37

A n  in teresting  and  very  useful text-book.”—Mechanical Wor'd
„  A n excellent book w e congratulate the  author.  ”-Science  and Art of Mining. 

. Å a  u  >>e ' o  b -?ok the beginner, but a  convenient book of reference  
■for the engm eer. —  Rmlroad Gazette.
hnthT ?net^ 0o°riS  °ne7n  w W ch  B tudents of engineering  w ill find  inuch m atter that is 
botn  in teresting  and  useful. —Glasgow Herald.

MECHANICAL ENGINEERING MATERIALS. B y E d . C . R .
M a r k s , A s s o c . M . lust. C .E ., M .I. M ech. E., & c. & c. Second Edition. 

u Price 2s. 6d. net, post free2s. 9d. net, abroad 3s. net. 38.
M r. M arks is a  practised  author upon  engineering ’ subjects, and  w hat he has to  

'sauÄ u-re -ates m  a  clear and  eoncise fashion.”—Engineering Tim-8.
. „„„ 8 1S und?ubtedly  the best book on th is subject, and  w e have no  hesitation  
in recom m endm g it to all engineers and to those w ho are in terested in th is 
im portant subject.”—  The Steam hip.

.he niany treatises on the subject of m etallurgy the sm all w ork  
betore us is entitled  to  a  prom inent place.”— Irish Engineering Review.

SAND AND CLAY: THEIR ANALYSIS AND PHYSICAL

PRO PERTIES. B y  A . C . P a s s m o r e . Price  2s. net, post free 2s. 3d. 
net, abroad 2s. 6d. net. 39

“  The w ork serves its purpose adm irably, and in m any cases it w ill prove a  
handy  book of reference.”—E tat's Gazette. 1

“  It offers a  plain and  practical statem ent of the analysis and  physical properties 
■ot sand  and  clay  in their relation  to  building  w ork.”—Building World.

METALLURGICAL MANUAL OF IRON AND STEEL :

Their. Structure, C onstitution, and Production, A Practical 
Treatise for the U se of M anufacturers, Engineers, and Students. 
B y H o r a c e A l l e n , A uthor of “ M ortern Pow er G as Producer 
Practice and  A pplications,” & c. & c. N early 400 pages. C row n  8vo. 
Price 6s. net, post free 6s. 6d. net, abroad 6s. 9d. net. 40.

MODERN IRONFOUNDRY PRACTICE. V ol. I. : Foundry  
Equipm ent, M aterials U sed, and Processes Follow ed. B y G e o . R . 
B a l e , A s s o c . M . Inst. C .E . C row n 8vo. 400  pages. Price  5s. net, 
post free 5s. 6d. net, abroad 5s. 9d. net. 41. ’

“T° fc.he Practical m an ‘M odern Ironfoundry Practice ’ should prove  a  decided  
acquisition. —Science and Art of Mining.
,,“To,the engineering  student, draughtsm an, young m oulder and  patternm aker, 
the volum e w ould  appear to be of inestim able value.”—Medel Enginetr.

A  u ®eflll,an Ji up-to-date w ork on foundry  practice. . . . The book is w ell 
balänoea and  w ill be found  a  useful guide to m odern practice in ironfounding-.”—  
Mechanical World. b

MODERN IRONFOUNDRY PRACTICE. V ol. II. : M acliine  
M ouldm g and M onlding M achines, Physical Tests of C ast Iron, 
M ethods of C leaning C astings, & c. & c. B y G e o . R . B a l e , A s s o c . 
M . Inst. C .E . C row n 8vo. Price 3s. 6d. net, post free 4s. net, 
abroad 4s. 6d. net. 42. ’

■?,m aehines  illustrated  and  described  are  typicalones, besides  w hich  the  reader 
i a exhaustive account of the physical tests  of cast iron, w hich  has  now  

tO u™ .y.ery  thoroushly  tested  before  being- put in to  use.”—Scentific Amei'ican.
This is the second and apparently concluding volum e of an up-to-date and  

practical w ork  on ironfounding, w hich  w e can  recom m end  w ith  confldence. . . . 
±ne chapter on  testings  is very  com plete, and  taken altogether  the  com plete  w ork  
is a m ost satisfactory  exposition  of the science  and  art of ironfounding 1 accordinfir 
to  present-day  practice.”—Mechanical World.
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THE PRINCIPLES OF IRONFOUNDING (AND FOUNDRY 
METALLOGRAPHY). By A. Hu m b o l d t Se x t o n , F.I.C. 
F.C.S., late Professor of Metallurgy at Glasgow and 'West of 
Scotland Teclinical College, Autlior of “ Chemistry of Engineering 
Materials,” &c, and Jo h n  S. G. Ph im r o s e , A.G.T.C., A.I.M M 
Lecturer on Metallurgy, Glasgow Tecbnical College, Member of 
the Iron and Steel Institute, Institute of Metals, &c. Price 6s. 
net, post free 6s. 6d. net, abroad 6s. 9d. net. 43.

HYDRAULIC POWER ENGINEERING. A Practical Manual 
on the Concentration and Transmission of Power by Hydraulic 
Mächinery. By G. Cr o y d o n  Mä b k s , M.P., Assoc. M. Inst C E 

Fellow of the Chartered Institute of Patent Agents' 
Second Edition, Revised and Enlarged. Price JOs. 6d. net, nost 
free lis. net, abroad Ils. 6d. net. B 27

unhe?it?tin?b recommended as a useful and up-to-date manual on 
nyaraulic transmission and utihsation of power.”—Mechanical World.

NOTES ON THE CONSTRUCTION AND WORKING OF 
PUMPS. By Ed w a b d C. R. Ma r k s , As s o c . M. Inst. C.E., 

&c. Second Edition. Crown 8vo. 260 pages. Price 
4s. 6d., post free 5s. net, abroad 5§. 3d. net. ° 44.

‘‘ cuC01,n;enient an(1 useful book of reference.”—The Builder.
. .?.uld “able engineers and manufacturers to select the apparatus best suited 
totheir requirements. — Mechanical World. »uiueu

is ,one "hich may be recommended to all who are interested in the 
field of engineering work. —Mai ine Engineering.
„Purch^ers Of pilnlps 'I*.11 f!nd,a collection of'information in this volume which 
may save them much trouble. —Page’s Magazine.

CENTRIFUGAL PUMPS, TURBINES, AND WATER 
MOTORS : including the Theory and Practice of Hydraulics 
(specially adapted for Engineers). By Ch a s . H. In n e s , M. å . 
Lecturer on Engineering at the Rutherford College, Newcastle-on- 
lyne. Fourth Edition, enlarged. Crown 8vo. Price 4s. 6d. net, 
post free 5s. net, abroad 5s. 3d. net. 45, ’

nridiTi1'8 exfcl"emely useful work, in its fourth edition, has received further 
and pr°e^sures.”— °n Cenfcri^al PumPs and fans for hi&h lifts 

fuga?pVnÄa’-J”Ä  adnnrably-written book on the centri-

oo„.Th0Se ,who have wanted a Simple treatment of the theory and desitrn of 
i?t "_27(eaEn^neerand turbines wiU welconie this book, and we can recommend 

of 0Ur readel's ^h .is book must be favourably knöwn. We have on 
EnXh fd » rS reco"}men,ded ’t t0 mquirers as the best book on the subject in 
Knglisn, at a reasonable price. —American Machmist.

H°W TO USE WATER POWER. By He r b e r t Ch a t l e y , B.Sc. 
Price 2s. 6d., post free 2s. 9d. net, abroad 3s. net. 46.

bvä^nH^Uth°r of.thi? litt,e book gives a succinct account of the principles of 
hy“ For1 hrf^ 1.neer-lngrn-fn eas',ly comP<-ehendible form.”—Mechanical World.

have Xn and wpS'r^ieity’ .ClearnJeSS this is one of the best little books we 
Jower.^Ä7J0S  in the Application of water
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INVENTIONS, PATENTS, AND DESIGNS. With notes and 
the full text of the new British Patents and Designs Acts of 1907 
and 1908. By Sir G. Cr o y d o n  Ma r k s , M.P. Crown 8vo. 128 pages. 
Second and Popular Edition (revised and enlarged), bound in flush 
cloth Is. net, postfree Is. 3d. net, abroacl ls. 6d. net. Infullcloth, gilt 
lettering, price 2s. net, postfree 2s.3d. net, abroad 2s. 6d. net. 47.

. The au  thor gives a short but clear summary of the nature of Letters 
Patent, and an outline of the sinipler legal points with which the inexperienced 
inventor shou’d be acquainted before applying for a patent. . . . The advan- 
tages of provisional protection are well brought out, and the ehapter on licensing 
inventions, which shows careful selection, is especially worth the attention of an 
intending lessor.”—The Times.

“The information given throughout the book is most useful to persons 
unfamiliar with matters concerning patents.”—The Engineer.

NOTES AND JUDGMENTS ON THE “WORKING” OF 
BRITISH PATENTS. By Sir G. Cr o y d o n  Ma r k s , M.P., A.M. Inst. 
C.E. These notes have been preparecl for the guidance of those 
interested in the “working” of British Patents, and have refer
ence mainly to Section 27 of the 1907 Act. Crown 8vo. Cloth. 
Price 2s. 6d. net, post free 2s. 9d. net, abroad 3s. net. B 48.

RAM1E (RHEA) CHINA GRASS, THE NEW TEXTILE 
FIBRE. All about it. A book for Planters, Manufakturers, and 
Merchants. By He r b e r t  A. Ca r t e r . This book is the outcome 
of a demand for a text-book on the new textile fibre, owing to the 
great increase which has arisen in the spinning and weaving of itin 
Europeand the United States. Large crown 8vo. 140 pages, with 
numerous Illustrations. Cloth, price 5s. net, post free 5s. 6d. net, 
abroad 5s. 9d. net. 48.

“ ‘ Mr. Carter has succeeded in placing in concise form a great deal of information 
on this subject.”—Textile World Record.

“ . . . forms a useful text-book. . , of considerable service.”—Bulletin of 
the Imperial Institute.

FLY1NG MACHINES: PRACT1CE AND DESIGN, THE1R 
PRINCIPLES AND WORKING. By Ra n k in  Ke n n e d y , author 
of “Modern Engines and Power Generators,” <( Electrical Installa
tions,” “ Marine Propellers and Internal Combustion,” &c. &c. Acom- 
prehensive work, with over 60 Illustrations, popularly treated, but 
upon a st rietly scientific basis, with new formulæ, rules, measure- 
ments, and principles. Large 8vo. Cloth, price 5s. net, post free 
5s. 6d. net, abroad 5s. 9d. net. 49.

“ The author has given a general review of the flying machine problems. . . . 
the idea being to enable the designer to proceed in a methodical manner.”—Royal 
Automobile Club Journal.

“ It is a genuine attempt to help the art forward.”—  Castier’s Magazin°.
“ A useful treatise. . , . the author going well into the subject of the design 

and working of aeroplanes.”— Mechanical World.
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