10 The

MNManufacturer and DBPuilder.

[January,

= e e e

The Steam Loop.

BY WALTER 0. KERL,

The steam loop i3 geverally called ap ingenious de-
vice, and if so, the ngenuily ceriainly appears at
ongo in Lthe pame—"*steam loop "—a name which,
though almost meaningless, scema very congistent
witlh ita simplicity. The name has the further mer-
it of not portraying any of its functions or peculi.
aritles, and hence cannot be an embarrassing re-
siraint, as is so frequently the case with pames af-
tached to mechanical apparatus,

That g0 simple an application of na-
ture's laws as is involved in the steam
loop should not have been turned to wse-
ful effect earlier is, at -frst thought,
strange, but ag one looks decper into the
subject, the rengons become more Appar-
ent, While no engiveer is unfamiliar
with the phenomena on which it de-
pends, it hag been interesling to note
that even thoge best informed in practi-
cal steam engineering or theoretical re-
gearch in thermo-dyvamic science, sel-
dom understand its action on first ac-
quaintance, though they soon recognize
in it & new cominpation of functions.

Its mission Is the simple and useful
oue of returning water of condensation
to steam boilers, Its chiel character-
istics are that its action is conlinuons,
rapid and positive, and that it 1s o closed
gystem operating under widely varying condilions,
without valves or adjustments.  Iis coustruction is
gimply that of ordiary plping.

The principles ou which its action depends are as
follows. Difference of pressure may be baluaewd by
a water column,  Yupors or hguids tend 1o Sow 1o
the point of lowest pressure,  Itate of How depuends
on difference of pressure and mass, Decrease of
static pressure in & sleam pipe of clumber 18 propyr-
tional 1o rate of condensation. In s steam current
water will be carried ov swept along rapidly by fric-
tiom.

To these eimple statemenls there will probably be
no dissent, We all huve used them in many ways,
and some of them bhave disagrecally used us ina
manner guite unwelcome.  But 1t remained for Lhe
glesun lovp to collect o few of these ervalic agents and
Froan them create s useful eystem, combining the
certainty of flow due to difference of pressure, witl
lhe quiet uniformity with which steam condenses,
andd with the foree we sce uselessly expendel in the
hammering of our steam-heating apparalus,

It will be evidenlt that the steam loop, thercfore,
conlains no mysterious laclors, even though, like
the steam injector, it bas been called a paradox,

We have here g working molel (=ce Fig. 1), the
Eteam plpe passing from the Laoler to o separator
near the engine, which sepavales the water of con-
densation and entrainment from the steam, The
drp from the separator ig below the botler, aod cv-
dently were a pipe run from ths deap outlet divectly
Lo the boiler, we woulidl nol cxpect the water 1o re-
tarn up-hill,.  Morveover, the pressure in the boiler
15 (say) 100 pounds, while i the separator it is only
ninety-five pounds, due to the decrease in pressure
in Lhie stenm pipe by reason of wiicl the stewm dows
to the engine.  Thus the water not only must flivw
up-lill to the boiler, but alse must overcome the Jdif-
ference 1n pressure.  The deviee to relurn it must
perform work, and n so doing heat must be lost,
The loop, therefore, may be considered as a pecaliar
motor domng work, the heat expended being radia-
tion from the upper or hovizonial porton,

We are now prepared o examing 1t mechanical
operation, which is best done with the model in ae-
tion. The form of separator is immaterial, there be
ing many kinds, differing more or less in construe-
tion and efficiency.  The one in model 13 simply an
elbow turned down into 1he body of the deviee (see
Fig. 2), throwlng the steam ngaiust a perforated plale

above which the dry steam i8 removed by o pipe
leadling to the engine, while the water collects below,

From the separator deain lewds the pipe ealled the
Criser,” which at o suitable hight emplies into the
“hovigontal.”  This lewds to the ““drop-leg,”™ con.
necting Lo the boiler anywhero ander the water line,
Ther riser, horigontal and drop-leg form the loop,
and usually consist of pipes varylong 1o size from
three-fourths inch to two inches, and are whaolly
free from valves, the loop being simply an open pipe
giving fres communication from separator Lo boiler,

gonlal produces similar effuels on contenis of riser
and drop-leg, but in degree lnversely propovtional Lo
Lheir densities.  When the eondensation In horizons
til ig maintained at o conglant rate sufficicot 1o give
the necessary difference in pressuce, the drop-lug cul-
umn reaches o hight eovregponding to this conslant
diffurence, and rises no (uether.  Thus, the Ioop is
in full action, aod will mainlain cireulmion so long
ag stemm is on the system, and the differences of
pressure and guantities of water are within the range
for which the loop is constracted.

The above may be termed the mtional
explanation, bat for simplicily we have
omitted to inelude some of the features
which are of importance in the loop's
wiliey and which will appear later in

our consideration of the sulject,

v Salid ™ Waler ws, Syray.—In the
modde] the Waler sometimis appears as &
fillin along the sides of pipses, or as spray,
and often a8 slugs rising quickly wand
passing over, We cannot definitely
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state whether slugs form in praclice in
full size pipes, but their exislence is
doubtful except when the seporator is

Fig. I.

(For convenience stop and check valves are inserted,
Lt they take no part in the loop's action,)

Suppose gleam is passing, engine running aiml sep-
arator collectivg water,  The pressure of ninety-five
ponnida at the separator extends {(with even further
redluction) back through the leop, but i the drop-
leg mects a column of water (indicated by the heavy
broleem line), which hns risen from the Loiler whers
the pressure is 100 pounds, to a hight of about ten
feat,  That is 1o the hyidrosiatie head equivalent to
the five poumds difference in pressure. Thuos the
gystem s placed in equilibrium.

Fig. 2.

Now, the steam in the horizgontal eondenses slight.
Iy, lowering the pressure to ninety-four pounds, and
the column in drop-leg rises two feel to balanee i1,
it meanwlile the riger contains a eolumo of mixel
vapor, spray and water, which algo tends o rise to
supply the hovizontal as its steam condenses, and be-
ing lighter than the solid water of the drop-leg, it
rists much faster,  1F the contents of the riser have
o specifie gravity of only .1 thal of the waler in the
drop-ler, the rize will be ten limes as rapid, and
when the drop-leg column rises one foot, the riser
column will lift ten fect. By this procesa the riser
will empty its contents into the horizontal, whenee
there ig a free vun o the drop-leg and thence into
the hoiler,  In brief, the above may e summel into

e slatement 1hat @ decrense of pressare o the hori.

partly flooded DLy boiler primage, In
the muwdel the pipes are so small Lhat
colesion aml capillary allraction are
guffivient Lo neevunt for the cxistenes of
e slugs,  The resistance of small pipes
causes comparatively slow velocily, aml
the slugs are remlily seen.  In the fall.
giged apparalns, however, the velocily is very greut,
a0 that even o glass sections u slug's passage
would scarcely be diseernible,  Observations in this
line indicale absence of slugs aml confirm  Lhe
beligf that the water (olher than spray) b8 earcial
chiefly by friction of steam curreot along the sides
of pipes, wod al o velocily se great 1hat the sweep is
distinetly mulible when much walgr i8 moving.

No water should acoumolste in the separator, ns it
is (e mission of the loop o remove it before it as-
sembles into a lguid mass T0 is here that the eou-
stant and vigorous action is of great practical wtility,
conbling the loop to ack as o preveotive of accumue-
lalivon rutber e a device for removieg waler after
it hng necumulated,  The separator evidently must
e of sueh form as to give the sweep lowands aml
throueh e loop betler oppartunily Lo pick up e
enirained water than s afforded the eurrent sweps-
ing toward the engine, poump or steame-using deviee,
It is inleresting o Koow thot experiments on very
Lirge scparators, a8 large as 5 feet by 12 feet, not dis-
charging their contenls, show Lthat 10 wader be allow-
el to accumulate to & certaln bight, no further rise
will pecur, even though much moisiure be presen,
in the steam, showing that the steam sweeping
through carvies the waler with it, woless that alrendy
depogited e drained away,  Thus o separator 1o
propecly poerform its Moetion of drying steam must
b comply, whils obviously (o stop wod hold primage,
its volume must not be impaired by periodic aceu.
mulations,  Thus “solid ™ waler ju bulk is to b
avoided, Comlensalion aod evtrainment shiouhl bo
retained and returned as speoy o Glma, while prim-
age should be Droken up iolo purtieles or masses
small ag possible and instantly returned before o1 cu-
mulitive effeet causes damage, I performing Uiese
functiong the steam loop uffurs @ new process in Lhe
apparently humble mission it serves,

That separalors alene do not generally separale all
Lhe moisture from the steam is guite clearly shown
by the faet that s loop will oflen relurn more wiler
when the throttle is closed and the engine is idle,
since 1he separalor must then slop all moisture and
the loop return it. With engine running, some mois-
ture will always be carried over, Lhe amount of course
depending upon the efficiency of separator,  Experi-
ments on this feature are difficnlt beconge of e in-
terference due to varying smonnts of condensation,
entrainment aml primage, on all of which the deaft
of steam muy have more ov less effect,
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Tindtations —Cenerally epeaking, the limits with-
in whicl 1he steam loop is applicable are very wide,
ferr the principle applies quile as well 1o great as Lo
small differences of pressuve. Similarly, an enor-
mons quantity of water muy be handled guite as easi-
Iy us a small amount,  The action will continue re-
lably through long pipes, overhead or undergronnd,
Water may be lifted from levels far below the boil-
era. The use to which the steam may be applicd af-
ter the loap amd separator have dried i, of course
has no eoffect upon 1he loop system.  Wherever
glenm is so used \hat it condenses rapidly, as in
dryers, sicnm-heating gystems, jackets, steam Ket-
{les, cle., the loop ean be applied to the return of
this water of condensation the same as from an
ordinary separator, and thal, too, against any dif-
ference of pressure,

The almve stitements aro made to illustrate how
thoroughly and completely the loop ean be appli-
ed 1o 1 wide range of eondilions, but when we
come down to the practical application, and ey,
how far is it expedient to apply it, the fleld con-
tracls somewhiat.

To take up the different limiting conditions,
and comment upon thelr degree will show most
clearly the practical range through which the loop
may be made 1 commercial device,

Dhifference of Pressuve. —The loop’s application
in this regard is hmited most often by the head
poomm for its ereelion, I the pressure 1o a sepa-
rator, dryer, or return from a slenm-hesling sys-
tem be ten prunds below e boller, and a loop
about thirty feel high is necessary to make the
return, itisevident that addferenee of filly pounds
in pressure would regquire a loop about 150 feet
il el the viser, drop leg and Jarge portion of the
horigontal being well coversl with non-conduciar,
such n loop woulldl operate efficiently, but generally
gpoeaking, a line of small pipe of that ight would
gelddom boe eonvenient, inngmuch ag it wonld reguire
gemne peculing sivucture 1o hold it, or possibly, might
necd to be erecled on the side of a smokestack., In
hagh city buildings such a loop may be practicable
whiere convenient air shalie allow ensy support, but

Fig. 4

in ordinary manufacturing plants it would scldom
be constructed.

While epenking of difference of pressure, attention
shonld be called to the fact that the abaolute pressura
is of no importance, as a loop will work quile as
well under low pressurve as high,  Ils eonetruction
and operation recognize only the difference of pres-
sure. A special ease oceurs, however, where the dif-
ference of pressure is very Jarge compared with the
lowest preszure in a system,  For instance, if a boil-
er carries twenty-flve pounds of steam and at the end
of a serles of heating or drying coils the pressure s

one pound, then with a loop alout TH feet high it
would be evident that iF the eondensation o e Lo
izontal were so performeld as to even produce o per-
foct vacuum, 1he water eolumn in the drop-leg would
stand about BD feet high, but it is doubtful whelher
the pressore of one pound ab foot of riser plus the
14.7 pounds doe to vaomon wounld be sufficient to
force the contents of riser up 100 feet and into the
horigontal, It certninly would not be sufficient if
Uhere were a ¢onsiderable guantity of water Lo be han-
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dled, 1hus eansing a hizh specifle gravity of riscr
conlenta,  Buch ense, however, 1s so scldom mel in
praclieal loop application, that it scareely neal be
considered a limiling condilion,

Roughly apeaking, differences of ten o fiflecn
pounds are the Jargest expericneed in good practice,
and the loop can generally be convenienlly erected
to operate agaivst such differences, anil where exces-
give discrepancios in pressure are observed, iU is nsn-
ally wery desirable Lo malke sueh changes as will di-
minish differences, they being nsually due to faulty
piping. While, therefore, excessive difference of
pressure Is practically a limiting condition Lo steam-
loop practice, it is vot found 1o be an annoying in-
terfercnee,

Lhistance of Fool af Riser belown Water Lovel of Dail-
er.—Binece the system is placed o equililiiom by Uae
drop-leg columu, aud this garts from the boiler, ne
account need be taken of the distance the rigser may
extond below water level inm ibe boiler: that is, the
engine, geparator or drying appareius may be any-
wlhiere below with no effect upon the loop®s action ¢x-
ceph the additdonsl work imposed.  This would,
however, be o limiting condition when the riser col-
umn became #0 long that the pressure ab its lower
end 1z inanfficient Lo 1ift the total weight of mixture
into the horizontal,  For instance, if the loop s work-
ing under five pounds diffevence, from fAltcen pounds
to ten pounds (see Fig. 8), and it the riser i3 so
charged with water that the specific gravity iz say
.1, then when the hovizontal further reduces the pres-
sure to say six pounds, there would be a total Torcing
pressure up the rizser of four pownds, which would
support a water eolumn eight feet high or 2 eolnmn
one-1enth as heavy eighty feet high, The horizontal
in this eage woulid sinml aboat thivty feet above bol-
er water, henee the fool of viser can extend alout
fifiy feet below boler, Bimilar figures for eghty
pounds bonler pressure, with seventy-flve pounds at
engine and drop of ten pounds in horizgontal wounld
allow riser to van about 150 feel Lelow boiler lewel.
The above considers only a statie columm, but if we
allow for the sweeplng action of the current ascend-
ing the riser, the allowable distanece of riser Took e
low boiler will be much increassd,

Dhustanee of Foot of Riser above Boiler. —Evidently
the foob of viser can be clevated to any requared ex-

w*

tent, bt there will be a hight depending upon differ.
enee of pressave st which the troe Tunctions of the
leop may scem to beeome superfluous.  Consider the
ense where the deadn s Just at o hight above hoiler
water equael to ihe hiydrostatic head due to the differ-
ence of pressure (sce Fig 4}, Then, will no riser
in the system, waler collecting in the separator will
run directly down o pipe, similar to a drop-leg, into
the Boiler,  This waler must eollect in ordivary li-
quid state and exert gravily pressure before the eol-
umn ean meve,  The velocity of its exit dependa
whaolly on 1he amonnt thal hag eolleeled. Bhould
the difference of prossure Incrense slightly, acen-
mulation is necessary o conse drainage,  This ia
simply a grovity system. It has no current carry-
ing the water awiltly Trom separator apd over a
Lill to & point of safely on the lop of & water enl-
umn on the other side, which may rise and fall
from time Lo 1ime without affecting the fow [rom
the polot that i3 1o bedreined, A gravity syslem
iz o owater pipe sufficicntly high to overcome a
difference of pressure. A steam loop may be call-
ed o gravily system from the boiler 1o the top of
water column in drop-leg, but o steam loop essen-
tinlly is a deviee cxtending above a balancing col-
umn, with sueh funetions a5 enable it 10 ereate o
cireulation thal is not dependent upon gravity or
the Incoming water of condensatlon, but wholly
upon the fow of sleam from o higher to o lower
pressure, nud go arennging the mechanical devige
thal this flow will carry water with it,  Therefore
even though the source of condensation is fur above
the boiler, the principle of the loop 18 jost s ap-
plicable to conslanily and positively remove wa-
ter ns Wough it were below and its vivlues are
jusl as egzentinl.  IF the Inght above the boller is far
in exeess of the head doe to maximum diffevence of
prossure, the loop may take the form of a straight
pipe, the first scetion of which may be considired a
riger, 1he second o hovigonial and the last or lowest
a drop-leg (see Fig. ), Suech a pipe would bealim-
iting ease of sleam loop, ite shape distorted, but iis
funclions retuined. The trne action ocenrring in
such o pipe lhas herctofore been imperfectly under-
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Fig, =.

stood. Indeed, it is gquite probable that no one has
considered it deserving of cepecial consideration un-
til the steam loop was devised and explained,
Digtanee, =1t might not be unreasonuble lo sup-
pose that the steam loop's application would be
guickly limited by the distance of the separator
from the botler, and that the length would introduce
complexity or unceriainty of action. Extreme length
night fmpair M action, although even this is ques-
tionable, but at the greatest distances thus far met,
of 800 o 1,000 feet, no adverse comlitions linve leen
cocountered, Great distances eause proportional
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drop of pressure within the Toop itself, requiring
proper allowances to be made in hight of drvop-lez.
The tempernture of relurn is also affvcted, due e
the cooling effeet of loug pipes, and ean be largely
controlled by proper eovering,  The dron of pres.
- sure mentioned above, due 1o the length of Toap, oe-
curs only wheu a horizonta is extremely long, hence
is ravely met in practice, In extensive systoms the
horizontal is made only the funetional lengih, turn-
g inlo the drop-leg, which descends, and ot a prop-
er level ean be led away through piping of any form
to the boiler (see Fig, 6), it belng evident that when
the drop-leg has descended to the level of boiler wae
ter, all further connection to boiler,
whether one foot or 1,000 feet, becomes
mevely an ondinary pipe through which

provinee of the loop or any other instruoment, sl
must be left to providence, )

This donble service, for which the loop must be
proportional, involves the ratios existing belwesn
the volumes of the separator, riser and horizontal,
for the hovizmenmtal must have a volume sullicieot Lo
tnke the eontenis of separwtor and drop-leg, aond sLill
howe spoce left 1o be occupied by steam, whose con-
densation will maintain s continuous action while
the waler in the horigomtal is deaining through the
rip-leir,

Tliia action, while apparently intermittent, is not
truly go. It is intermittent with reference to the ex-

water will seek its level as ilirough a

pipe connecting two barrels into one of

dwhiche witer is poured,  Thus, distance
avidl benoted to impose no practical
limit on the loop's application, for it
eanses no change in the loop iteelf

 Quintity of Water Returned. —Th's _/

depends upon the amount of moistire
entrainad in the stenm, the condensi-
tien in-the pipe and the boiler prim-

TR TR

age.  Usually there is Hule attempt 1o
¢lassify water appearing in a steam
gystem according 1o the causes of 118
exfstence.  Its presence iz simply regretted until
harm resulls, and Lhen it may be less consideraiely
mentioned,  If water is liill'lI]," B Te dlrmlnel ik, ns
by drips, ete., when it secumulates in eonsiderabile
wolume, it matters little how it is formed, bt when
we come to handle it svslematieally, continuously,
and with certainty, we must consider the souree of
the product on which we operate.  Water of entradn.-
ment conses steatn Lo be known as wet, and {2 useal-
iy constant in guuntity, It may be separated from
e steam in several ways, means for this being pro-
vided in the varions Torms of separntors, and when
sc separated must be led away from the main sleam
curient so conlinucusly that it cannot again be pick-
ed up,  Water of condensafion 18 sup.
pozed to fow along the bottom or be
swoepl aloug the sules of pipes, and is
aiso usunlly constant in guantity, It
requires ne brag separalion, but must be

Fig. 6.

trne chorge of water enrricd, but the loaop ia simply
exerting, in an emergency, its maximom ability,
which, il constantly reguived, would not be incon-
gistent with its principle of continuity, although dif.
ferent proportions wonld then be desivable.  Thus,
the quantity of water 1o be handled becomes o limit-
ing condition only when 1t 14 so great as to literally
flood the system.

Devices for incrensing enpneily linve been employ-
ell, such as cored rvisers, flattenel ria.-q'_-r:a., bt experis
mentnlly they have not, as yet, prodoced such results
ag to warrant adoption, i

When & loop is not sufficient 1o glve the required
capacity, it is not enlarged, but duplicated, and this

whicre ib eoters the waler wdd comlensing . sleam, ro-
turning to the boiler,  Only one instines i3 Known
where the loop has mel ditfeully of this nature, amd
that was (due o beiler waler coulfining muach organ-
e matter, the guees from which would collect in 1he
loop,  The remedy in such a special case is to apply
a small stand pipe to the hovizowtal in which the air
ar gas can collect, eool, and, by difference of L.
perature, operate an air valve, allowing eseape antil

glenm rushes o and closes the valve, '
To aum up the limitations, we find the loop action
ia practically lndependent of the distanee that 1l
souree of supply is above or bhelow boiler, and alsn
: independent of the length of retum,

3 It ia not interrupted by the presence of

air, and 1= eapable of handling such
quantitics of water 23 usually exist in
stenm systems, It ia'prau:limlly limited
by excessive diffurences of pressure
and by abnormal guantities of waker,

Conatrueting  Feafures, —When a de-
vice is e0 slmple as b consisl of a ran
of one inch, or one and one-fourth-ineh
pipe, it may seem unnecesgary Lo endow
it with 2o significant an sltribule as
construetive featurez, but 1thers is a

=

right and wwrong way to ran even an

inch pipe. When the mission i3 so

Epen;;iak ag that of the foop, there is only
one right way and numercus wrong ways, To ens
ter into this matter in detail woulil be too long forr the
present discourse, hence we will consider only & fow
points of especial ioterest and without extended ex.
planation.

Prictice has determined that one ingh or one o
one-foarth-inch pipe is most suitable tor risevs, while
drop-legs gencrally take one and one.fourth inches
to one and LI'I:II'_'_-]JIIit inehes, seldom iwo inclies, and
never larger.  Horizoontuls eommonly wre two inches,
but, as the volame iz material, 1hey moay be four
inclies or even six incles if very short; with refer
ence Lo them, however, no rule can be considered
gencrully applicable, for the volume of the separator

niy figure as a large o small element,

" aceording to the necessity for handling
primage, while the ratio of superficial
ares to volume i3 important in giving
proper strength 1o the circulation mml

led into a chamber of suitable size in
such a manner as readily to leave the
column of gteam with which it is flow-
mg. As most pipes afford opportunity
for water to collect at certain points,
and then mush on with the steam, the
receiving chamber should have ample
cupacity.  Water of primage is erratic.
Its presence is accideotul. We ennnot
estimate its proballe guantity, or the
mature of its passage through the pipe,
It may be so veceived by the pipo ns to canse exces-
sive entrainment, as 18 probably the ease when an en.
gme labors, clicks and shows very wel exhanst
It may come over as Hguid, and mingling with 1he
waler of comdensalion, canse an engine Lo slow down,
pound and collapse, or spurt strenms of Hogmid water
from the exhaust. It may be constant or intermit-
tent, and is always dasgerous. It must be Jed away
From Ui sleam current, aod recsived in a chamber
whose eapacity 1s considerably larger than thab re-
giuved for water of entrainment or comiensation,

A soparator must, therelore, provide ample faeili-
tica for separating the particles of enlrained waler
from the steam and ample capacity for moderate
primage.  (Extreme primage is, of course, beyvoond
econtrol, and reguires cure rather than care.) The
loop must have capacity sutficient to eontinuously
dischargs the water collectied from entrainment aml
condensation, and a maximum working effort, ov
single impulse, equal to tking 1 one liguid siream
ihe contents of separator when filled wp to necrtain
Timit by sadden primage,  (TF illed Teyand this Hm-
i we hove o flood, whose control is not within the

fa——— ) —
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process may be continued to any extent,  When two
or move loops are applied to one source, no difficul.
Lies are met in their operation, exeepl some compsLi-
tion 48 to which will secure the business of relurning
the water, A little inflneoce exerted, in the detail
of pipe connections, enghles them to form a trust, in
which the spoils are equally divided with satisfne.
tiom o all concernel, even to 1he public.

Another method, when primage is excessive, is 1o
plaee a geparator on the steam pipe near the boiler,
with eontents looped back divectly, thus eompelling
the separator and loop ab the end of the system Lo
handle the waler of gondensation only,  This meth-
ol lias been used with marvked benefit (see Fig, 7).

Presence of Air.—To start the loop’s acilon, the air
must be removed by blowing out with steam, hence
it is proper 10 inguire whether air would not collect
in the horizontal and gradually reduce the action and
make it eventually become ““air bound.” There ia
certainly sufficient aiv in steam to prodoce this ac-
tion, but in practice it does not,  This may be attrib-
nled to the high veloeity al which the loop eurrent
Aows, carrylng the alr forcibly back to drop-leg

determining 1he economy with which
it shall operate,

All horizontsl porlions of the loop
should piteh downward with the cur-
rent. It may bLe well o remark here
that the terms *‘riser,” " horizontal™
and “drop-leg™ do not necessarily im-
ply that risers are always vertical, luni-
gontals always horizontal, or that drop-
legs follow a plumb line, A riser is
the entive rum of pipe from separator
to highest point of the loop, and may have horigon--
tal portions.  The horlzoutul is the summit lewl of
pipe in which emndensalion produces the loop’s ae-
tion, and though usually horvigontal, is not necessari-
Iy so.  The drop-leg s frequently iuclived, and may
hawve almoat any foro.

The riser should be provided with a stop valve
and the drop-leg with stop, check and blow-off
vulves,  The check must have approximately equul
areas on Dol sides, or when ghut iU will be much
out of Dalance and become a seriouns obstacle to 1he
veturning water,  The return must be made with an
independent gonneclion, for if conneeled to feed
pipe, the pulsations cansed by pump would affeet
the drop leg, while if esnnceted through Dlow-olf,
especially if it be in o muod drmm, the loop may dis.
turb the sediment,

The riser amd drop-leg shoulil invariably be eov.
ered with gowl non-eornductor o prevent loss of
heat, while the horizontal ehouwld be covered wholly
or in part, according to itg length and size, aond (e
necessny condensation,

Conibinations of Several Loops, —Thus far we bave
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comsidered the loop ag an isolated deviee, returning
the waler from one separator sttached to one sleam
pipe. The application may, however, be extended
throughout a large steam system; in [acl, it is one
of the important features that the entive drainnge of
a larre system of steam pipes can be mule with a
gystem of loops forming a petwork of returns back
to the boiler, affirding ample opportunily to clear
the system of water and with no chanee for wasle
by eseaping stean hrough fanlty or vpen drips, It
muttera not whether the pipe be overhead or under-
eround.  Loops ean be attached divectly to the bot-
tom of sleam pipes at low spots and separators may
e mse] ot cach sleam outlet whera en-

pines, pumps, dryers or other appari-

tig pperate,  When the system thus ex-

tendds, iL is pertinent to examine to what

given system ilo not, howewer, require independent
connection to the boiler, for they may discharge in-
to one common manifolil or header near to or dis-
tant from the boiler, The leop's action is perform-
ed when the water has been deposited in the drop-
leg; hence, the method of connection beyond that
point does not invoelve the action of the loop,  Ewven
if loops coubl be combined and connected in various
ways consistently with safety and reliabilitg, it
would not be generally expedient or convenient so
tw do, for though several loops ruay e more complex,
they are less complicated than several combined in-
o one with numerous shut-off valves, opporiunilies

=y
| = '1_

extent the loops may be combined to

simplifying piping. On first thought
it may be proposed to simply run all
the drains to one point, and there altach
a loop of sufficient size, but the impro-
priety of this is at once apparent, slnce
such loop would be linble to receive
notling but water and would be prompt-
Iy flosiled.  Each loop is propertioned
and erecled with reference to specific
difference of pressurc and a given guan-
tity of water, Lhenee if the draivage of
geversl separators into one loop is cou-
gidered at all, these separstors must be attached to
pipes bearing such relation to cach olher that they
will all be subject to equal differences of pressure.
Consider o large and small engine side by side, the
lurge engine having constaut load while ov the smunll
gne the load varies widely, If these separsiors be
dimined inte cne loop, there would be opportunity
for o suiliden drop of pressure near the small engine,
ciused by sudden inerease of load, bring the conlents
of the large separator over to and possibly through
tine small engine.  This could be obviated by lotro-
. duction of check valves, but they ave undesirable,
and the loop system is so capable of Deing mude 10
work properly on its own intrinsie principles that it
would seem to be bad engineering Lo create u set of
conditions in which the loop vecded auxiliary de-
vices to eountersct effects which should not be pres-
ent.  Similarly, when large guantities of water are
received by one drain or separator, its prescnee
might so overload the loop as to render it lnopera-
live with respect to the several other connected
sources,  Therefors, one loop should never be con-
weeted 1o several sources of supply, except in rare
cases where the different sources may be considered
only assubdivision of one source; that is, when they
are all subject to the same influenciug conditions,
Each gource of supply should therefore have its own
rizer. If, now, several risers from TAriows S0Urces
enter one horizoulal, we would afford opportunity
for the loop's fundamental principles to be violated,
The cireulalion must be uninterrupted and cnd at
the point of lowest pressure. There cannot be more
than one point ol lowest pressure, hence with two or
more risers cornected into one horizontal, an acci-
dental drop in pressure in soy riser or pipe to which
it 1s conneeted would short-circuit the loop from one
riger to another {see Fig, 8). Therefore, each riser
must have ils own horizontal,  We then consider
whether several horizontals can enter oue drop-leg.
The baluncing water eolumn whose hight 1s due Lo
difference of pressure must rise and fall with the var-
jation of pressure. Ilence, one loop may have a dif-
ferent hight of balaneing water column from ancther
even though they enter the same boiler. At the ori-
gin of one loop pressure may be increasing, while
at another it 18 decreasing, ealling for eorresponding
fall andl vise of drop-leg eolumns, and if these loops
were both attempling to atilize the saume drop-leg
we should have the anomalous condition that a col-
wmmn of water is required to rise and Tall at the same
Lime, anid hence two or more horizontals shonld not
coter ope drop-lez, The numerous drop-legs in a

DR o o

Fig. 8.

for leakage and interruption to service which may

" ensue when for any reason part of the loop system
i shut down and the balance in operalion.  With
individual loops the shutting down of parl of the
stenm plant simply cuts out single loops without ef-
fect upon the others,

Efficiency.—This is a feature of the loop on which
it would be interesting to develop thermadyoamic
equations, and compare the same with experimental
results, but the investigutions on thermodynamic
lines invelve numercus assumplions on which the
doctors will not agree, while experimentally we la-
bor under the disadvantage of Laving no general
cise, each experiment requiring to be conducted on
a special case, which may Lave bub little bearlng on
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Fig. .

others. By this it s not implied that the guantita-
tive values of lnop action are not or will not be de-
termined mathematieally and experimentally, bub
rather to say that such determinations are nol of
much import or interest in the present discussion,
A statement of general fentures surrounding the effi-
cieney may, however, be interesting. The loop
may, like an engine, operate idly, doing no useful
work, because there is no water to return, in which
cnse it would be infinitely wasteful, since the efficien-
cy is the ratio of the cost of operation to the waork
done, The operative eost being practically constant
in any given loop, its efficiency must depend wholly
upon the amount of water returaed and the maxi-
mum efficiency will corvespond to the largest guan-
tity that it is enpable of handling. This limit, how-
ever, woulil seldom be reached in practice, for if
constantly dolng its maximum work the loop would

N

“becanse of insuficient experiment.

ber in danger of flooding ench moment.  Practically,
therefore, the wide margin alloweal for salety and
handling unnsual quantitics of water compels the
loop to nsually eperste far below ils maximum ca-
pacity rendering it 1o that extent less cfficient.  This
fenture, howewver, indicates the Inadvisability. ol
making loops unnecessarily large.  Bince the loop
puts water into the boiler aguinst resistance, encray
must be expended,  This enceey represents heat loat,
and this losa is the cost of operating the loop.  No
exact determinations have been made of this loss,
but it is obviously very small,  This is indicated Ly
the fact that the loop will work even when eoveral
with non-conductor,  That the enerey
required is very small may be deduced
ag Tollows: :

A 100 horse-power enginensing thirly
pounds of water per hourly horse-pow-
er requires 8,000 pounds per hour.  If
ten per cent or SO0 pounds be returned
to boiler per lour, and difference of
! pressure between separalor and boiler is
ten pounds, then about ey of one
horse-power is required 1o do the worl.

In the above it will be noted that we
have assumed & very large amount of
waler to be returned, and have assumed
a large difference of pressure against
which to return it.  Consequently the
above figures are more than generous,
and it is donbiful wheiher half this smount of pow-
er, oF sy 'eaa of one hovse-power, is wsed in the av.
erage cuse,  As the loop is reguired to exerl so small
a power, it is evident that its efficiency, as measured
Ly our ordinary ideas of ceonomy, might be extreme-
ly poor, and yet ils efficiency for the purpose for
which it is used very high; that s, while its alsolate
efficiency eousldered as a pump with which. to gt
wader into a boiler might be low, 1he small amount
of energy needed to perform so valuable & service as
contignous reture, may make it relatively an appoee
ratus of high efficiency,

Another way of looking at this is as follows: A
one-inch pipe may be presumel Lo lose by racdiation

-1 of the Leat which would be lost from a Len-inch

pipe. Now, suppose a ilen-inch pipe is running
from & boiler to an engine, and the loss Ly conden.
sution is belng wastel through a dieip, to say nothing
of the steam also lost, Now, the loop will add one-
tenth (o the condensation but to eompensate Lor this
it returns to the Loiler the original ten-tenths con-
densation in the pipe, plus the one-tenth condensa-
tion in itself, ata temperature (%) of 250° to 3007,
which is evidently desirable as compared with wasl-

ing the condensation of the ten-ineh plpe.

An imporiant factor in its practical efficiency is
the improbability of leakage existing, while other
meihods invelve great opportunities in this direclion.

There are other interesting developments with re.
lation to efficieney which cannot be explicitly stated
They ney e
indicated as follows:  In any system which involves
carrying from the boiler steam at a given temper-
ture and relurning a part of same to said boiler,
there must be some loss of heat,  The amount will
depend on the differences of temperature 1o which
thie eleam or resulting waler iz subjected and the
time.  All systems contemplating the colleclion of
water in voelume, bandling it through pipes in vol-
wnn and pumping it back in volume, eontemplate
or involve the use of apparatus having itsell a tem-
perature widely diffurent from that of live slesun
from said boiler. They also contermnplate the mov-
ing of a =olid body of water which can only be done
at a very low rate of speed. Hence, any return
made on such system is esscntlally o waslelul one
The steam loop makes a vetaen through apparaios
which is small in mass and kept at o comparatively
Bigh temperature, while the enrvent througlis is ex-
trumely rapid, beaving in this respect no relation te
and time are so rediced as to give evidence of su-
any olher device, Doth difference of tewperature

! | ] .



14 The

Manufacturer

Aarnd Builder.

[ January,

perior efficicocy.  In facl, it may be said that the
sledin loop cannot be reasonably compared with any
olther form of returs 1hat has yul been made, ag it
etands alone in its principle and wility,

This whole question of effiency is, however, one
of curiosity rather thun importance, for, as previous-
Iy slated, the whole malter is velative,  ‘I'he mechan-
ical fentures of the loop system in removing the ob-
Jectionable waler from pipes, through a continuous
closed cireuit back 1o boiler takes preeomlont over
any guestions of efficiency, especially consldering
the very small gnantitics of power and tielr Leat
cquivalents invelved,  Just as an edge several inches
wilde may be shurp for the bow of a steamship and
an edge 01 of an inch broad dull for a vazor, so may
the expenditure of a few thousand heat units in a
lightly loaded steam loop be economical for a loop
when the snme vumber of hundreds of units would
be uneconomical for a compound condensing engine
furnighing the smme foot-pounds of worlk, Loops,
therefore, are simply to be compared with ench
ollier, and 1n this field there is still ample room for
further accamulation of daia.

In proetice, the data ebtained from large numbers
of loops in operation vary so widely on aceount of
various conditions imposed, that it is probally im
possible o oblain reliable informalion from swhich
deductions can be mule, excepl on special apparalus
erecled on a large seale for experimental purposes
only. The useful work done by the loop cannot be
measured solely by the amonnt of water returned to
the Loaler, for if ihis waler is all eondensation and
primuge, its removal produces less economic effect
ou an engive than if it were held in suspension in
the steam,  Thos it may be that the exertion of o
small Iraction of w horse.power by a loop My canse
e stewin which it drivs 1o cxert many times mone
power in its expansion in the eogine evlinder. The
foop Lo do this might be Tightly loaded, so that its
wwi eflicieney beeomes relwtively poor, whils peur
by there might be a loop, beavily charped with wa-
ter of primage and condensation, whose efficiency is
velatively high, yet whose economic offect upon an
coging i of less value. Therefore, the hermo-
dyummic efficiency of & given loop is not proportion.
al 1o it value to the user, even though we make no
accouut of its value as an assurance against accident
by water,

Lieuslts, —The vesult of steam loop action may Le
Lricfly summed up ag follows:

(1) Baving the water of condensation, entrainment
aml primage,

(2} Baving the heat contained in said water,

(#) Baving the steam systems from water, therely
relducing liabilivy to accident,

(4) Buturning pure water to the boiler,

(3) Preserving uniform temperatures, thus obviat-
ing difficulties due to expuvsion and contraction,

(6) Prevention of divect loss which usually exists
from open draing, drips, tauks, etc,

(7) Euabling engines o start promptly,

(B) Maintuining higher pressures at the end of long
lings,

(9) Maintaining higher temperatures in juckets,
dryers, ele,

(10) Increasing the eficiency when steam is used
expansively.

All of the above are more or less evident from
what bus preceded, except the latter, and on this
there is some howvest difference of opinion, The
cirlier writers on thermodynamics make little men-
tion of the effect of entrained moisture on the expan-
sive properiies of steam, bub by common consent
ruther than any demonsiration, ey seem Lo agree
that modstore produces an i1l effect Bimply to the
percentage amount of 1ts presenee. That is, five per
vent motsture will incrense the water rute of an en-
gine ouly five per eent,  Experimental dals on this
poinl seem very meager, the only recent work leing
that of Prof. Juues B, Dentow, of Stevens Institute,
on @ comparutively small engine in which the result
indicuted was substantially as above, Prof, Dheuton,

however, congiders further exporiment necessary Lo
estullish a conelusion,  The opinion of ather author-
ilieg om this gquestion, including Dr, R, H. Thurston,
of Cornell University, and Geo, H. Barrus, M. E,
of Boston, agree that ihe presence of moisture in
sleam should, and douliless does, cause an injuriouns
effeet in excess of its own perecotage. Indications
of this are observed in superbeated stenm where o
given amount of heat expended in superheating pro-
duces more saving in the quantity used by the engine
thnn the equivalent in added heat, and the same con-
dition ehould extend to supersaturated steam, De-
finite kuowledge of this is, however, yet to be obtain-
ed, but it seems to e the general concensus of opin-
ion that moisture ig detrimental 1o an extent about
double its percentage; that iz, five per eent molsture
in steam, affects the efficiency of an engine wbout
ten per cent. Further development and opportunity
for experiment with the steam loop system will aid
in determining this,

Other Applivations, — Throughout this discourse
the description hag been confined almost wholly 1o
the application of the loop to the one case where
molsiure Is Lo be removed before steam passes o an
engine or pump. It is thought best to keep this one
case clearly in mind, for the leop thoroughly ander-
stueod on Lthis basis may be essily concelved o serve
similar purpose fn any other conpection,  Where
live steam is used for drying porposes, the loop may
L atlached directly to the relurn, thus maintaining
a powerful circalustion through the healing coils and
ridding the system from the condensation which is
the natural prodocet of the heating ov drying process,
In this serviee, however, the loop has opened up a
new feature, thit of diving the sleam before it en-
Llers gueh heaters, and it is found to yield very bene-
ficial resulis, by keeping up temperatores sl pros-
sures (see Fig, 9. Bimilarly, steam kettles, jackets
of steam-Jackeled cylinders, und even stenm-heating
appuratus can be bandled with ease and efflcicncy,
Much apparsins of thus nature, however, is thirotthal
down to o degree that seriously lnterleves with Joop
application, and in ordivary sleam heating the op-
porlunity ig exceplivually good for large air leakage,
which would e deletevious. It s, therefore, nol
easy Lo concisely state to just whal purposes the loop
mey be practically applied, but it is sale 1o gay that
it is desivable on any live-steam pipe or any high-
pressure or unthrottled dryer, heater or jacket.

The development of the loop system has not stop-
ped with the simple applications here recorded, but
has been carvied imlo fields of wider application.
Perhaps no deviee has appeawred duriog lale years
on which more thought and csveful cousiderution
has been bestowed.

Thua, the steam loop becomes o deviee of much
broader proporlions than appears from flest inspee-
tion of its operution or the rudimeotary understand-
ing of itz priveiples. It may scem strange that iis
application bas not before Leen developusd, but that
i3 doublless due to want of clear comprehenslon of
its somew bat peculiar functions and their utility, for
those who arve connecled with steam engineering
must in many ways and onder varlous circum.
stances have bad opportunity to observe the plenom-
eng which concern its action, We are, therelore,
entitled to regpect quite highly this useful combine-
tion, whose worth can never be accuraiely estima-
ted, aince ita chief service is to prevent cerlain loss-
s and accidenls of varlable character, and whose ox.
tent is the only measure of the loop's value,

IMPROVEMERT2 IN THE MANUFAOTURE oF Gal-
VARIZED [nox,—DProf. J. W, Ricluards bas fownd (ot
the presence of small guantities of aluminum o the
gilvanizing bath leads to the deposition of a highly
oryslalline as well as a permanently brillisnt and ul-
Lesive couting of Zine. The aluminum is hest adid-
ed to the buth in the form of w zine alley coutainiug
2 per cent of aluminum, 4 oz of this alloy being wid-
ed to the galvaniziog batlh fov every tou of ziue,

dw thds degwrrtamant are povpase b tread of off iprenlinn s relaling
to Ee t‘f:ri:";j-:frfr'.lr!ﬁ el gl tfer o slenciurnd sagborfols, their
Widde of aeovrrence, Dhdtr odapbalion fo seciod ees, and D ap-
E-'ﬁ-lw vl mdeinesy etggildped i5 Lhérr jorieduction, fudiEjie-
rtlon qnd fushioning todo weefnl forme, We shall be gelesed o
rersied comrwvicadions of general dnderast for pullleation in
fAis dnwretimend,

Comparative Crushing Strength of Various
Building-Stones.

The following table, compiled from tests made
by Gen, Gillmore and Prof, Woolzson, and published
in ** Haswell's Pocket-Book,” contains much valoa-
ble information for engineers and architects, Our
renders will potiee (he enormous supertority of the
Potsdam sandsione over all other stones tested, the
specimen having withstoml nearly 43,000 pounds
withont erushing:

Aberdeen (Scotland) granite.......Haswell, 10,760
Albion (New York) sandatone, .. .. LGillmore, 18,500
Arbroath (England) sandsone. .. .Haswell, 7,850
Agquin Creek {(—) sandslone. . ... . Haswell, 5340
Bardstown (Ky.) limestone... .. ... ..Gillmore, 16,250
Bay of Fuudy (Canada) granite, .. Gillmore, 12,020
Belleville (New Jersey) snndstone.,  Gillmore, 11,700
Berea (Ohio) sandstone. .. ... ... Gillmore, 10,250
Billingsville (Missouri} limestone, . Gillmore, 7,250
Cudn (Frapce) limestone, ..., ..., .. Gillmore, 8, 650
City Point (Maine) granite. . .. .. ... Gillmore, 15 098
Cleveland (Ohio) sandstone, . . ...... Gillmore, 7,910

Clonnectiont frecstone. ..oy evnae,. Haswell, 8319
Common (Ttalian) murble. ..., Ghllmore, 13, 062
Cornlgh {Wales) gramite. . oo Haswell, 8,389

Creadgleith (Scotland) sandstone. ... Gillmore, 12,000

CDix Island {Maioe) granite... ..., Gillmore, 15,0040
Doeset (Vermont) marble, ... ... Gillmore, 8,670
Dorchester (N I3 eandstone, . . .. . . Gillmore, 9,412
Drubsbim (Techond) granite, oo ... o amwell, 10, 450
Duluth (Misnesota) granite. . ... Gillmore, 19,000
Eunglish (Magnesinn) limestone, .. .. Huswell, 3,130
English (Anglesa) Himestone, ., .., Haswell, 5,600
Foml du Lac {Wis.) sandstone.,, . .Gillmore, 6,250

Fox Island (Maine) granite.. ... .. . Gillmove, 15,062
GHeus Falls (New York) limesione, , Gillmore, 11,455
Grecwwich {Connectiom) rranite, , Gillmore, 11,700
Hurbor Quarey (Maine) granie .. Gillmore, 16,837
Haverstraw (New York) sandstone. Gillmore, 4,350
Hurricane Island (Maing) granive, . Gillmore, 14,9387
Joliet (Ilinois) limestone. ... .o, Gillmore, 16,900
Eusotn (Minnesola) sandstone, . . ... Gillmore, 11,675
Little Falls (¥, Y.} snmlslone, ... .. Gillmore, 9 850
Mirguette (Michizan) lmestone, ., Fillinore, 8,050
Marquette (Michigan) sandstone, , . Gillmore, 7,450
Mavblehend (Obio} linestone. .. .. Gillmore, 12,600
Massillon (Ohio) sandstone. .. .... . Gillmorve, #, 750
Meding (New York) sandsione. . . . Gillmore, 17,725
Middlstown (Conn.) sawdsione. . . .. Gillmore, 6,950
New Haven (Coun.) granite, . ... ... Gillmore, 9.750
Newry (Hoglounl) grunite.. .. ..., .. Hoswell, 12 850
North Amberst {Ghio) sandstone., . Gillmore, 6,650
North viver limestone, ..., ..., Gilloore, 18,425
Patapsco (Mavylaod) granite, .. ... Haswell, 5 340
Povl Deposit (Marylaod) granite., ., Gillmore, 19,750
Potgduwm {New York) sindstone (not

Crushied) s vss e s v in s ne e o, Woolson, 42,504
Quincy (Mussnchuseiis) granite. ... Gillmore, 17, 750
Quiney (Ilivois) marble, ... .. ... Gilllmore, 9,787
Rockport {Mag-acliusells) granile, ,  Gillmore, 19,750
Seotch whinstone, . ovivnviieaena Haswell, 8,300
Sencea (Ohio) saudstone. . . ... ... . Gillmore, 10,500
Tockaboe (New York) marble... .. . Gillmore, 18 594
Vormallivn (Qhio) ssudstone, ..., . Gillmore, 8 850
Yiowlbaven (daine} gravite., .. ... Gillinere, 16,750
Warrensburgh ( Missouri) sandstouc, Gillmore, 5,000
Wosterly (Rlunle Lslund) granite. . . .Gillmore, 17,750
Willinmesville (N. Y.) limestone, ., G lnore, 12 875
Yorkshire (Eugland) sandsione, . . . Haswell, 6,710



