










increase of conflagrations which attends very cold weather, 
showing how disastrou sly the defects of the domestic 
apparatus are revealed under any extraordinary demand. 
The annu al money loss to t he co mmuni ty fro m thi source 
is immense. 

2 Tl1e oTowino- dan o·er from steam boilers of all sizes 
. b b b ' 

distributed in buildings and under sidewalks, and employed 
in running elevators, dynamos, p rin ting presses, and other 
machinery . That destructive accidents fro m thi source 
have hi therto been few, is a gratify ing circumstance, wh ich 
must not be permi tted to obscure th e fact that the danger 
is constantly increasing with the number of such boilers, 
and wi th the growing age of th ose now in u se. 

3. The great waste of fuel by in complete combustion and 
excessive radiation of heat, due to th e small scale of opera­
tion, which is unfavorable in every respect to hig h economy. 
This waste is aug mented greatly wh en fires are periodically 
put ou t and kindled. 

4. The enormous expendi ture of labor and the well nigh 
in tolerable nuisance to the community, invol ved in the 
delivery of coal to individual build ings and the removal 
from t hem of ashes. This evil is g reatest in cities where, 
as in Brooklyn, su ch operations must be p er.formed in front 
of the h ouse. It is well known tha t t hey constit ute the 
greates t of all obstacles to the main tenance of clean streets; 
and i t is onl y necessary to observe t he effec t of a sino'le 
snowstorm, impeding .for a day or two the i-egnl ar opera­
tions of the city as h car ts, to r ealize the enormou ma of 
wor thless mate rial whi ch has been laboriou sly carri ed to 
every house in on'ler t hat i t may be laboriously removed. 
Under thi s head we may men tion also, in passing, the 
nui sance of ashes in the house, enhancing the labors of 
sweeping and du sting, and th e deterioration of carpet and 
furni ture . 

. 5. The sani tary evils re ul ting from the co n umption 
111 com bus ti on of the oxygen of t h e air in buildings, th 
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esca.pe ot' th e gases of combustion into rooms and. the 
constant discharge of such gases, together with s~oke, into 
the atmosphere overhead. The increasing use of bitumi­
nous coal, even in the so called "anthracite cities " adds 
importance to the last named evil, which is the mos~ tano·i-

o 
ble to the senses, and may become a serious injury to busi-
ness as 'Nell as health. The London fog is declared by hio·h 
authority to he precipitated smoke; and the atmosphere°of 
Pittsburg, before its deliverance by natural gas, furnish ed 
an American example scarcely less striking. But even 
when smoke is relatively absent, vitiation of the air by the 
domestic combustion of fuel is admitted to be one of the 
chief elements of the inferior sanitary condition of cities. 

6. The inconvenience, to the individual consumer of heat, 
of the labor and care involved in its generation to meet the 
fluctuating requirements of circumstances, and the waste of 
capital employed in the insta11ation :and maintenance, in 
every house, of a h eat generating, as well as a heat di s­
tributing, plant. 

Other colla teral disadvantages might be adduced ; but 
this list pre en ts an aggregate so large as to justify the 
conclusion that the objections urged against any remedy 
must be weighty indeed to counterbalance ~uch strong 
arguments hi its favor. Certa~nly if such a remec1y be 
mechanically practicable, with, to say the least, equ~l 
safet.y to the pul>lic, and no greater cost to the consumer, it 
should be h eartily enco uraged. · 

l\IE'l'JIODS OF HEAT DI 'TRIBUTIO :r • 

It will be ob erv·ec1 that man y of the evils of tl:e pres:nt 
system mentioned above arise from the dist.ribut10n of irn-

' ' . d pure solid fuel to individu al consum ers. A ·step ma. vance 
js the circulation, from a central manufacturing stflt~on, of 

·11 · t·ng o·as 1s now gaseous fnel in the same manner as 1 nmrna I b 
' · t P' ttsburo· 'llld circulated. Such a sy tem is now rn u se a 1 o ~ 

other places where natural gas is available for the purpos~. 
W . . ' . . t tlieobJ'ectionthat1t 1th all its advantages, 1t 1s open o 
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does not remove t li e sani tary eyils due to comb n tion on 
the premises of the consum er, and i t presen ts, in addition, 
peculia r dangers due to the poisonous character of the ga , 
its inflamm abili ty, and the facili ty with which i t form s, in 
relatively smaJl p roportions mixed with air, an explo ive 
mixture. . 

Moreover, the leak age of gas from th e mains im pregnates 
the scil , and the us 11 al fnel gas ( ' ' wa ter gas" ) is believed to 
have a peculiarly destructive effect upon cer tain snb tance~ 
widely u ed in t il e in<Ju] a tion of electric cond uctors under­
gronnd. In B rookly n th e de t rn ctive corrosion even of lead 
pipes inclosing a nd p ro tecting such condu ctors, is believed 
to have been producedby illurninatinggas manufact ured by 
'' carburetting" wa ter gas. These objections exi t already 
in the case of our illumina ting gas system. They are im­
pl y outweigh ed by the advantages of tha t system. But 
they consti t ute some of th e stronges t arguments for i t 
replacement by some other means of light ing ; and the 
proposition to add to the quantity of gas n ow circulated in 
the streets fo r that purpose th e much g rea ter quant ity re­
q uil'ed fo r hea t and p ower. woul d require, par ticularly 
as to the sanHary effect upon the soil, most serious con­
sideration. 

Other practical methods have fo r theil' objec t t he distri ­
bution of the heat itself. instead of the frrel. Obvious] v, if 

• M 

this can be done withont ruinous was te in transi t, it mu t 
be the bost. To accomplish it, the heat must be fir t com­
municated to a gaseous or liquid medium, t he temperature 
of which is thereby ra ised, a nd which, being delivered to 
the consumer at a high temperat ure, g iv es ou t, ·xs i t cool , 
the heat he requires. As such media, air, s team and water 
have been employed; and of these air is obviously impracti­
cable for long dis tances, by reason of i ts low specific heat and 
specific gravity. A cubic foot of water at 400° F. , for in­
stance, weighs about 1260 tim es a much as a cubic foot of 
air a t the same tempera ture, while a pound of wate r, in 
l?sing one degree of temperature, will g ive ont nearly four 
t1mes a· much hea t as a pound of air. The ratio of the 
efficiency by volume of water to that of air, as a medium 
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for the distributi?n of heat, is nearly 5,000 to 1. This dis­
crepancy may, ~ndeed, be. considerably red need . by the 
greater speed which can be imparted to the current of ai . 
but it will still remain true that air is for lono- distances t: ' 
bulky a vehicle, ~ith far too little carrying p

0
ower. 

0 

As compared with steam at 400° F., a cubic foot of water 
weighs, in round numbers, 100 times as much. But the 
steam, in cooling down to say 200° ( or below the point of 
condensation Lor atmospheric pressure) will give out per 
unit of weight 5.8 times as much heat as the water· and 

' ' moreover, at the t emperatnre named, under similar condi-
tions of pressure and dimensions of main, the steam will 
flow about 10 times as fast as the water, and thus, in a unit 
of time will deliver fl.}05° = 0.58 a· much heat. For the 
conditions named, therefore, the relative efficiency of water 
and steam js 100 to 58. It js not proposed to ent8r here 
into a discussion of the varying conditions which may 
affect this comparison, or the mechanical considerations 
which may enter the problem in practice. It is sufficient 
to say at present that the high specific heat of water 
(nearly the hjghest known) coupled with its specific · 
gravity, make it theoretically the best vehicle for the pur­
pose now under consideration. 

THE BOSTON HEATING OOJ\[PANY'S SYSTEi\J. 

The pl'inciple of the Prall system, as exemplified by the 
Boston H eating Co., is the constant circulation of water at 
high temperature and pressure (say 400° F. a.nd 250 lbs. 
per square inch) from the boilers at the station,_ tl~rough 
the supply mains, and back into the boilers. This circula­
tion is maintained by pumps. From this constant current, 
keeping the supply main always full, water is tapped at as 
many points as may be necessary to supply consumers of 
heat. Exe pt for cooking, which req uil'es about 350°, and 
for heatin o· a ir t he temperature and pressurn of the supply 

0 
' f • ·th · l t or main are fa,r greater thau are needed or e1 e1 1ea 

power. The wat r is delivered in relatively small quan­
tity, through tube l inch (for ordinary cases, up to 

• 
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perhaps one inch as a maximum) in diameter. I ts fur­
ther treatment depends upon the use to which it is put by 
the consumer. It may be employed to heat air, instead of 
the ordinary ho t-air furnace, in which case i t will be in ­
troduced directly into a radiating coil, t hrough which the 
cold air is to be passed. Or it may be similarily used, in a 
suitable apparatus, to perform all the operations of cooking, 
not requiring a higher temperature than 350°-which com­
prises boiling, baking, and probably everything except 
broiling, in which case there is perhaps required not so 
much a higher temperature throughout the substance a a 
peculiar rapid surface-action of flame. At present, how­
ever, the general application of the h ot-water supply is in 
the form of steam, for heating through radiators and for 
engine power. In such cases, the water is allowed to 
expand, in a vessel called a converter, into steam of t.he 
required pressure, in which condition it is distributed, as 
it would be from the steam space of an ordinary boiler, 
through the building. 

The condensed steam from a h ouse system, including the 
"drip" of the steam pipes and converter, and the condensed 
"exhaust" of the engines, is conveyed to anothbr main, 
in which it returns to the station, separate from the ho t 
water supply main, to be again fed into the boilers, where 
the heat it has lost is restored to it. 

In theory, therefore, the water serves ex clnsi vely as a 
vehicle for conveying heat. It is wholly re turned to the 
boilers after every circuit-a part coming back unu ed, in 
th e ho t water circulating main, and the remainder, con­
siderably cooler, in the return main. The work of the 
boilers is to supply the beat necessary to run the pump 
and other machinery at the station, to make up the losses 
by radiation and conduction thrnughout the system, and 
to replace what has been abstracted by consumers. 

PRACTICABILITY OF TIIE SYST.EU. 

From the standpoint of the consum er, th is q ue tion 
assumes the form : Ca.n t he above theory be put into 
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practice so as to give an always available supply of heat 
as capable of r egulation as a domestic supply would be' 
and at a reasonable price 1 ' 

From the standpoint of the producer, the question ts: Can 
this be done at a commercial profit, for a. price not exceed­
in_g the cost to the. consumer of the present system, and 
without ;reconstructing the present interior distributing sys­
tems of buildings 1 

For it is in most cases not likely that the producer could 
build up a profitable business on new buildings alone, or in­
duce consumers generally to adopt the new system at the 
cost of expensive installation and maintenance. 

W 1->. are convinced that both these questions may be 
answered in the affirmative. Our investigations among con­
sumers in Boston have satisfied us that, to a distance of 
nearly two miles from the boiler station, dry steam is deliv­
ered at any desired pressure. The circulation in the build­
ings of the higb]y heated water itself, either for heating air 
or for cooking, we were not able to see, since the company 
has as yet no customers thus employing it. But we see no 
reason to doubt that this application would be equal1y suc­
cessful. 

This high degree of mechanical efficiency is due to the 
remarkable thoroughness and skill with which the plant of 
the company has been planned and constructed, the excel­
lent workmanship of every part, and the constant and vigi­
lant inspection which is maintained. For these essential 
elemen ts of success, credit is chiefly due to Mr. Arthur V. 
Abbot, the Chief Engineer of the ~ ational Heating Com­
lJany, who designed the work and superintended personally 
the details of its execution, and of whose ability and fidel­
ity we Lake pleasure in making this public acknowledg­
ment. That neit her safety, efficiency, nor Pconomy can be 
secured in an undertakirio· of this kind without the greatest 
skill and care in its exec~tion, has been strikingly illustra­
ted in New York, where one steam distributin~ company 
has been completely ruined for lack of them, wl11le anotlier, 
under competent engineering a.nd busin ess management, 
has achieved a substantial success. 
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As to t he economy and profit of Lh e sys tem, regarded 
from the tandpoint of the produ cer} we shall speak more 
full y in our detailed report. A few general observation , 
ho,vever, may be appropria te here. 

~-\. s already noted, the boilers have to furni sh heat, (a) to­
run pnmps, et c., at the station; (b) to mak e up losse · by 
radiation, et.c. , tlnonghout the system; and (c) to replace 
the heat abs tracted by cons nmers . This presupposes th at 
there is no leakage of water in the system-a perfection 
which is ·o closely approximated by the admirable join t 
and fitt ings employed by the company that, judging from 
the experience of the weeks of its operation, abont 200 
gallons of water per annum will cover its total wa te. This 
is a great advantage, not :only in the saving of water bills 
and in independence of the municipal water supply, but 
also in the freedom from boiler incrustation, such as 
attends tbe heating of constantly new supplies of water. 

Of the items of boiler work above na:med., it is evident 
that economy and profit are proportional to the excess of 
c over the sum of a and b; for c represents the goods sold, 
while a is th e cost, and b the waste, in transpnrtation. Now 
a, the heat expended at ·the station, consists of the power 
for one steam engine (driving a dynamo, etc. ), which may 
be set down as a constant, and the power consumed in 
pumping. The pumps maintaining the circulation have to 
overcome only the friction of the current, which is pro­
portional to the length of the main (the diameter being uni­
form) and to th e square of the velocity of the current, and 
wholly independent of the temperature and press ure of the 
water. The work cf the pumps forcing the cooler re turn 
water into th e boilers is prop ortional to the amoun t of that 
water. But the work of the hot water pump is not so 
simply calculated. What they do is to maintain a certain 
average speed of circulation thr ::rngh the snpply main , o 
that the loss of heat in transit shall n ot cool the current 
too much. 

This los con stitutes a portion of lo s b, already attend ed 
to, the other portions being the lo ses in the station i t elf 
and in the cool water return main. The loss of hea t uni t 
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in the ho t v~rater cil'c_nlation is con tant for a given temper­
ature and ·1ze of mam per unit of time and per linear £ t 
of main . B ut the difference i n tempera.tare beLween ~ie 
outgoing: an_d the re tur~1ing hot water, which rnpresen ts this 
loss, van es 1-nversely with the speed of the cnrren t.. Sin ce 
the work of t he h ot water p n mps varies directly as t lie 
sqn ar~ o_f the veloci ty, it i~ evic.len t that economy requires 
the m 111 m nm peed of circulation, consisten t wi th other 
conditions. B n t in order to secure to the co nsumer nearest 
to the return end of t he main a sufficiently high tempera­
t ure of water upply, the loss i 11 tempera ture during t ransi t 
must not be too great. The m inimum speed for a given 
length of line to secure this res nlt h av ing been determined 
while t he circui t is closed to con u me rs, the minimum of 
pumping work is thus fixed. Bu t this work does not, as 
the volume of circulation is increased to supply cons umers, 
increase in p roportion to the square of the initial velouities, 

. fo r the reason t hat t he abstraction of the wa ter by consum­
ers p rogressively decreases the veloci ty of the current, so 
that the averao·e veloci ty is not nearly propor tional to the 
amoun t passing th rough the p um ps. 

"\iVi tb regard to the loss of heat b by radiation from the 
system i t may b e said t hat i. t b.as bee n reduced to a mini­
mum by a very t horough jack eting of all heated pai·ts with 
asbestos . The loss in t he s tation honse has not been exactly 
meRsured. The l oss in the fo nr inch h ot water main a t 
Boston has been determined by a test wit h the consumers' 
shn t .. off and found to be fo r 375° initial temperature of ' ' . the water , and a speed of the circulating cur rent of 1.5 feet 
per second, ab0ut 4° F. of temperature, or say one uni t of 
heat fo r each foot of main per minute. 

Since the pumping power of the sta t.ion is equa~ to th~ 
main tenance of a curren t of 15 feet per seco nd, w1 th con­
su mers shut off it is evident that wi th sufficient boiler 
power the amou'nt of heat delivered to consume~·s can be 
enormously increased, wi th a progressive increase m p rofit. 
The station is at present delivering, as nea rly as can be 
ascertained about 600 Centennial Horse P o,;'\rer to con-
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sumers, at a total expenditure ancl loss of, perhap , 200 
b orse power. 

Beside the econo my involved in the return of the 
par tiaJly cooled water (at a temperature of about 180° F ) 
to be reheated in t il e boilers-an advantage which is 
possessed by no otlier system with which we a re ac­
quainted-there is an additional gain by the use of thi 
water a it is received, to co ndense the exhaust steam from 
the ma chinery of the station. The practicability of this 
has been questioned ; but i_t is undoubtedly now ncce . 
fully done at B os ton, a11d is perfectly fea~ible so long a 
the return water, though so high in tempera tnre, re-
ceived in ufticient volum e for t h e purpose. 

THE SAFETY OF THE SYSTEM. 

Many· perso ns have entertained apprehensions concern­
ing the pressure (250 lbs. per square inch ) carried in 
the boilers and mains of this sys tem. As to the boilers, we 
do not hesitate to say that, in our judg ment, the concen­
t ra tion of th e business of generating steam at a tation 
wh ere this is exclusively attend ed to, a nd in boilers of the 
best modern types, expressly made for th8 purpose, thor­
oughly tested beforehand, operated by a traill ed force of 
skilled workm en, and constan tly under vigilant inspection, 
and fed, moreover, with a continual return of th e same 
clean ,vater, is incomparably safer , even at 250 to 300 lbs. 
press ure, than the present system of scattered boilers. 

As to t he mains, connections, join ts and valves, we are 
able to say, after examination, that they seem to us amply 
strong, tight and durable, and t hat th e daily in pection of 
every part of the line maintained by th e company in ure 
it against the development of unnoticed defects. The 
pipes and join ts are all te~ted to ma n.r tirues the maximum 
·strain which they will ever have to bear in practice. 

Mornover, the bursting of a hot wat er p ipe wonld not 
invol ve a n explosion, any more than the opening of a cock 
u p0n such a pipe in volve i t. Through a large fi ure 
the re might be a considerab le outb urst of scaldi11g water 
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and a man directly before it might be inJ·ured B t th 
d ·t· tt a· b . . u e con 1 10ns a en rng a oiler explosion are absent. Tl · :fi 1. 1 · . . . . iere 

1s no re Ge ow, g1 vrng cr;ntmually fresh heat; no depth or 
large mass of superheated water: and the cooling· eff ~ " . . , ec,, Ot 
the rap1d expans1011 uf the emerging water strongly dimin-
ishes the tendency to a yJropagation of the disturbance. In 
fa~t, :Mr. Abho.t has encountered, during his experiments, 
th1s very contrngency of the bursting of an impeTfectly 
we1ded pipe, filled with water at somewhere about 370° 
and without serious injury beyond a disagreeable dreiichina'. 

The large margin of strength in all the pipes, boilers and 
machinery of the company is a further guaranty of safety. 

RELATION OF THE S YSTEU TO THE STREETS. 

Tbis point was considered specially important, since two 
of the undersigned are members of the Board of Commis­
sioners of Elec trical Subways for the City of Brooklyn,' and 
determined to oppose tb e introduction of anytL ing into the 
streets of thiR city which would imperil the durabilii,y or 
efficiency of the electrical subways or impair the operation of 
the conc1 uctors laid therein. It vms, therefore, with the 
explicit reservation o.f their freedom to condPmn the Pr~ll 
system on this ground, however great might be . its 
merits in other respects, that they undertook the present 
examination. 

The conduit of the Boston H eating Company pre­
sents, however, so complete a protection as to dispel 
a]l fears on this head. The asbestos non-conducting 
ja cket on the mains reduces the temperature from near 
400° in side the pipes to not more than 110° on the out­
side, and around this is an air space of two inches ; then a 
brick arch ; then another air space; then another brick 
arch ; and then the earth. :Moreover, the conduit .isylaced · 
from four to six feet below the surface, whenever this 1s prac­
t icable it beina for tlie interes t of the company to avoid all 

' n •· changes in the heat losses due to weather. Except rn rare 
case~, where for some special reason the conduit ~as come 
very near the surface, no effect in the drying of moisture or 

• 
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the melting of snow can be d isting uished. vVe pa ed 
t hrough the lightly snow covered treets of Boston without 
being able to detec t, by such evidence the r ou le of the hot 
water main. ,Vhere th e main occ up ied t he shadier ide of 
a s tree t, t lie s now wa disappearing fir t on t he other side, 
as if there were no differe nce of cond itions undergrou nd. 
All this was to be expected, a ft er t he prnof of the small 
loss of hea t furnished by the relat ive temperature of the 
two end s of the suppl y 111 a in. It requires 140 beat n ni t to 
melt a pound of snow which is just beginning to melt; and 
the total loss from this main is onl y one heat uni t per foot 
per minu te. Co n idering only the rad iation fro m the upper 
h alf of the pipe, a nd a llowing fo r a d istance of four fee t 
between it and the s urface, we may calculate t liat i f t he 
whole of this heat were transmi tted in straig h L line, to the 
surface, through a medium whicli stopped none of i t, and 
were totally co r}suined in the mel ting of s now, there would 
be about enongh 0f it to melt one po und in fif ty-fo nr honrs. 

1
1

0 gain f m-ther ass urance on t his p oin t, we consulted 
the Mayor of Bos ton, who liad vigorously opposed the 
in troduction of this system in to the city, vetoing the fra n­
chise, etc., also the City Eng ineer , a nd the r epre en ta­
t ives of t he Bell 'r61Pphone, the E dison Electric Ligh t, 
e tc.' The Mayo~· confessed frankl y that h e had been 
agreeably d isappointed in the res ul ts of the new sy tem ; 
that neither any of th e city c.epartments nor a ny other 
parties had ~xpressed complaint, a nd tha t the only ob jec­
tion he s till entertain ed was t he general objection to 
all enter1)rises which required the dio·o· in O' up of the 

b t, 0 

streets, becau se i t was practically impossible to relay the 
pavemen ts (especially of cel' tai11 kinds) in as good perma­
nent condition as before t il e distui-bance. Til e othel' 
officials co nsnlted gave the same verdict. The electrical 
companies had noticed no effect whatever upon t heir under­
ground lines from the neighborhood of the Heating Com­
pany's conduit. The electr ician of the Telephone Co. 
a sured us tha t at one poin t its co ndui t actually cro ed 
through that of the Hea ting Co., and res ted in actual con-
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tact upon the asbestos jacket of the supply main, yet 
without noticeable result. 

We are therefore convinced that a conduit constructed 
like that of the Boston Heating Co. can carry in its main 
water heated to 400° or 450°, and very likely much hotter, 
without interfering in any way wi th gas or water pipes or 
Blectrical subways in its neighborhood. 

In conclusion, we would express our judgment, formed 
npon a careful study of all avail able data, that the Prnll 
system of distributing heat, if embodi cl in a p lant as 
substantia l, well arranged and am ply provided vvith the 
appliances of economy and safety as that which we have 
had the pleasure of examining in Boston, is perfectly practi­
cable and highly ad vancageous ; and that we believe it can 
be carried on to the mutual profit of the producers and the 
consumer of the heat, and with great benefit to the com-
mnnity. 

R. W. R AYMOND . 

C. c. MARTIN. 

GEO. w. PLYJ\lPTO N. 
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