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STERL BOILERS.

Of steel boilers there are comparatively few. In Class I there is a set of six boilers, partly of steel, upon the
steamsbhip ¢ Massachusetts.” In Class II there are no steel boilers; in Class IIT, 3; in Class IV, 1; in Class 'V, 4; and
in Class VI, 16, Of these 30 boilers, 19 are vertical tubunlar, 1 direct horizontal tubular, 1 return-flue, and 9 return-
tubular boilers.

FLUB-BOILERS.

The return-tubular boilers, often with direet flues, arve the prevailing type of marine boiler used in New England
and upon the whole Atlantic seaboard, excepting for the smallest classes of steamers, in which vertical tubular
boilers are more commonly used. Direct flues for return-tubular boilers often help to increase the heating-surface,
as well as having a utility similar to that of combustion-chambers, but the employment of flues differs greatly from
what it has been in the past.  What may be ealled the experimental period in marine steam service was characterized
by the use of flue-hoilers in a great variety of designs, of which fow have survived. This was also true of English
practice. “The variety of forms and arrangements of flues in marine boilers,” wrote Rankine, ‘“is such as to defy
classification.” Some of the American designs of built-up flue-boilers peenliar to this period are described in
Marine Engines of the United States, by 13, IL. Bartol, published at Phitadelplia, 1851, Their peenliar arrangements
of flues were designed to obtain a great amount of heating-surface, but usually without due regard for the requirements
of draft and the all-important condition of accessibility to interior parts for cleaning and repairs. Some of the
peculiar malformations of these fue-boilers appear to have been mere caprices of the dranghting-room, as uscless
as fifth wheels to a coach or cog-drivers for a locomotive, but of great advantage to the Loiler-making trade on
account of the complexity of the work involvad, This required a great deal of flange-turning, the most highly

* gkilled work npon a boiler, The introduction of tubes and the use of simpler designsg of boilers has changed all
this, eliminating the groatest and most difficult portions of tho flange-turning and 1n'Lk1ug‘ straight work, requiring
less skill, and insuring safer results in the product.

BOILERS OF THE SMALLER STEAMERS.

Of 32 boilers on vessels of Class II, 18 are return-tubular and 14 drop-flue and ratnrn flue boilers.

OF the less usual types on New England steamors, wo find 1 rectangular boiler, 1 small vertieal water-tube
boiler, 1 plain ¢y lindrieal boiler, 1 combined coil and vertical tubular boiler, and 1 VL‘I‘[I.Cdl tubular boiler with
return-tubes. There are 17 coil- bmlurs. Of comparatively large boilers, the drop double return-flue boilers are a
common type, There are about 20 horizontal tabular boilers of the locomotive type, with fire-boxes. But the
great preponderance of return and vertical tubular boilers is shown by percentages of all in the classes specified
as follows:

Desoription, Class TIL | Class IV, | Clnss V. ’ Class VI, ‘
Doy gent, | Der cont, | Fer oont. | Dor cont,
Return tubular ..., 05 04 i} 19
Vortieal tubular...., 8 20 30 62

Below Class II boilers are used singly, with the exception of one vessel, which bas a pair of boilers.  In return-
tubular boilers, the length is commonly twice the diameter, but drop-flue smd direct tubular boilers are relatively
longer, the length often being three or four times the diameter. In the vertical tubunlar boilers the height is usually
less than twice the diameter, It is stated Ly Professor Thurston thatb the vertical wag the first form of tubular
Doiler, being invented in 1791 by Nathan Read, of Salem,

COIL-BOILERS.

Thero are in New Ingland the following steamers with coil boilers, These are omitted from the lists of
aggregates and averages, because the boiler capacities can not be considered in the same way:
’ Inspected at New London: One steamer, 62,09 tons; 1 compound engine, 3.54 oubie feat. One steamer, 48.20 tons; 1 engine, 2,75
cubie feet. Thirteen steamers, about 66 tons; 16 engines, 1.5 eubic feet.

Inspected at Boston: 'I'wo steamers, 8 tons; 2 engines, 0.05 cubio foet.

Coil-boilers have the advantages of being light in weight, earrying high pressure, and getting up steam with
great rapidity, added to which, like sectional bollers, they give a high degree of security against explosion. Mos$
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of those in the service are of the Herreshoff type, of which a sectional view (Fig. 20) is given. The operation of
this boiler may be briefly deseribed. The feed-water is pumped through a spiral coil, A B, which, starting at the
top of a furnace, forms an almost cylindrical combustion-chamber. As the water nears the grate (the heat becoming
more intense) it iy partly converted into steam, and is passed into a separator, D, from which the dry steam is
carried through a coil (G), which is ‘wound about the erown of the furnace, finally delivering its superheated steam
tothe engine The water carried to the separator is returned to the coil, or may be blown to waste if desired. The
following example of the nse of this form of boiler may be noted. '

A Spanish gunboat, 135 feet long, has engines indicating 400 horse-power and a Herreshoff boiler with 84/
. diameter of grate and 50/ of pipe, varying in diameter from 4" to 23" (largest at the bottom of furnace), the coil
being put together in four sections, with right and left couplings. . Speed of gunboat, 164 miles an houx.

The United States torpedo launch ¢ Lightning”: TLength, 58 feet; speed, 20.34 miles an hour, Driven by a

f

pair of 5” by 10" engines, with, a Herreshoff boiler, 44 grate; 130 square feet of heating-surface in the coil. The
weight of this boiler was 1,500 pounds. Steam has been raised from 100 to 160 pounds within two minutes.

1 give a few examples comparing the use of coil-boilers with vertical tubular boilers: The “Gleam,” of Bristol,
Rhode Island, is a boat of 62.09 tons, 108 feet long, 15.5 feet broad, 6.7 feet deep. It has a compound engine;
cylinders, 103 and 18/; stroke, 18, with pipe-condenser. It has a coil-boiler of 8/, 24", 2/, and 14" pipe; total
length of pipe, 750 feet; steam-pressure allowed, 170 pounds. “The Favorite,” of Norwich, Conneeticut, is a boat

of 73.99 tons, 115 feet long, 16 feet broad, 53 feet deep. It has a 16:%” by 16" non-condensing engine and a -

vertical tubnlar boiler 53/ diameter and 103/ high; Dboiler-pressure, 75 pounds.

On the ¢ Olipper,” a small boat, 24 feet long, 54 feet broad, and 23 feet aeep, plying on the upper waters of the
Connectiont river, a coil of §” pipe, 90’ long, is used, the engine being 3§’ by 4/ stroke, and non-condensing; 100
pounds boiler-pressure is allowed. The “Hub,” a boat 22 feet long, 5 feet broad, and 24 feet deep, plying on the
Merrimac river, has a 23" by 4 (stroke) engine, and a coil-boiler of 17 pipe; length of pipe, 80’; thickness, ";
pressure allowed, 100 pounds. On similar small boats, vertical tubular boilers 2/ in diameter by 3’ high are
used. E ' »
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The Ierroshoff boiler on the steam yacht “ Leila,” whose engines are elsewhere described, containg 654/ in Alength'
of pipe, of & diameter (outside) ranging from 13" to 3§, The interior heating-surface of the pipe is 4113 square
feet, its exterior surface being 483 square feet, The furnace .and boiler is abont 77 in diameter by 7/ Ligh, these
being the dimensions of the enclosing (fire) shell. ,

An ingenious type of coil-boiler in process of introduction in this distriet is the Trowbridge boiler with foreed
circulation, by which the water iy kept flowing continuously through a circnit of coiled pipe. This differs from the
Herrveshofl! bmler, the water being eirculated by a pump and a certain water-level being maintained in the stand-pipe
from which the steam is drawn. This level is preserved Dby an automatic feeding device, designed by Mr. T, W.
Mather, and consisting of two pumps, one of which operates to withdraw water from the boiler if the level be too
high, while the other supplies water when the level'is toolow. The feed is thus antomatic and takes care of itself.
The furnfu,e is practically o base-burning stove and requires little attention. The boiler evaporates 8§ pounds
water per poum] coal at a rate of combustion of 464 pounds 1)(31‘ square foot of grate per hour, and nearly 9 pounds
at a rate of 25 pounds per square foot of grate per hour. A 5-horse-power boiler weighs about half as much as a
5-horse-power hoiler of the ordinary eylindrical tnbular style. It gets up steam enough to drive an engine of
horse-power in nine minutes or less, under ordinary counditions. : '

BOILERS OF ALBANY STEAMERS,

Crasg It Of 14 boilers 3 arve specified as drop return-lue, 2 as return-flue;, % as return-tubular, These are
used in sets of 2 and 3, The “Thomas Cornell,” 1,160,853 tons, has two return-tubolar boilers each 127 in Aiameter
by 25/ long, The boilers of the “City of Troy” are return-tubnlar, 11/ in diameter by 21/ 3/ long. The “ Albany”
has three drop return-flue boilers each 8§ O/ in diameter by 33/ long, The ¢ City of Oatskill” has two return-flue
boilers each & 67 diameter by 25 long, The Doiler front is 9 67 wide. Forty pounds is the nsual maximum
Dressure.

Crags I: Of 26 Doilers 8 are specified as Redfield Hue-boilers, L is a double-return flue-boiler and 17 are
return-tubular boilers, Tl only steel boilers in the e¢lass aroe two return-tubular boilers each 10/ In diameter and
25 long, upon the *Mary Powell,” There are no steel boilers on vessels of the preceding class.

Of all the steamers in the Mbcmy district the following nine have, in the order stated, the largest Doiler-
volumes:

The *Thomas Cornell,” 1,16G0.85 tons, plying between Now York and Rondount, two 12/ by 2§ retarn-fubular boilers.

The “Albany,” 1,346.53 tons, plying hetween New York and Albany, three 81 by 33/ drop retwrn-flue boilers,

The ¢ Chauncey Vibbard,” 1,066.08 tons, plying botween New York and Albaiy, three 8 by 81/ return-tubular Doilers, Instead of as nsual
having the furnaces of the boilers disehargoe the products of combustion throngh one or two smoke-stacls, this steamer is peenliar in
having n smoke-staek for cach boiler, three abroast asvosy the vessel,

The ¢ Conneeticut,” 728,70 tony, plying between New York and Albany, two 11/ by 22/ return-tubular botlers,

The ““Saratoga,” 1,488.75 tons, plying between New York and Troy, two 117 by 21§ return subular hoilers,

The “ City of Troy,” 1,027.83 tons, plying hetweon New York and Troy, two 117 by 213 rotwrn-tubular boilers,

The @ Mary Powell,” 983.57 tons, plying betweon Rondont and New York, two 107 by 25’ return-tubular boilers,

Tho * Cornellus Vandorbilt,” 680.81 tony, plying upon thoe ITudson viver, two 107% by 21’ return-tubular boilers.

The ‘¢ John Marshall,” 330.37 tong, plying upon any inland route, lias ono return- tubulm' Boiler 13 by 24, This boat, which has so large

- a boiler-volume in proportion to its tonnagae, is o towing-bont, the othors being passenger-boats.

We naturally expect the boiler capacity to vary withont regard to the tonnage and according to the speed of ‘
vessel and character of service, but the boiler-volumes and eylinder-volumes have no close proportion, as may
be seen from the following (,mmplus taken from steamers of Class II:

»

Stroke of | Cylinder- Boller- Prossuro

Kind of engine, ongine. Volume., | volume, | allowed,

i
Feat, Oubic feet.  Oubie feet. | Dounds.

Vertienl direct-aoting condensing-ongine .. 3 23. 60 1,731, 84 35
3.8 31,93 1,057, 38 46

10 105,56 | 1,900,71 80

10 200,12 1, 047,63 45

12 139, 20 4, 181, 40 33

The Redfield boiler is deseribed as “a set of plain flue or Lnbular boilers, such as nsed for stationary purposes,
connected at front and back and surrounded on the sides by a water-shell, which is strongly braced, and takes the

‘place of brickwork as commonly used on stationary boilers”.

Crass I1IL:  Of 44 boilers 12 are specified as return-flue, 3 as drop return-flue, 21 as Redfield flue, and only 7
as return-tubular boilers. There is also 1 fire-box tubular boiler. The Redfield boilers are in sets of 2 or 3, except
in one instance. All the other boilers are nsed singly. The fire-box boiler mentioned (10/ 9" diameter, 24/ 6
long) is upon the “George A. Hoyt,” a towing-boat. The drop return-flue boilers are a common ferry-boat type.
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The ¢John Adams,” Albany and Greenbush ferry, has such a Loiler, % 6 by 24/ long. All of these boilers have
cylindrical shells, and the diameter and length of shell are to be understood as the dimensious specified. The
Redfield boilers are nearly all upon steamers plying between New York and Albany. The *“Ontario” has tliree,
each 34’ by 28'; the Cayuga three, each 6§ by 28; the Anna one, 8 by 20§'. The usual pressure allowed is 35
pounds,

Ornass IV:  Of 20 boilers 19 are cylindrical and 1 is rectangular; 6 ave return-flue, 3 fire-box or locomotive,
and 11 return-tubular. There are no steel boilers either in this or in the preceding class. The locomotive-boilers
are of small diameter. The Rondout ferry-boat “Riverside,” 51.60 tons, has one locomotive-hoiler 30 diameter by
12/ 6 long. This is exceptional. Two locomotive-boilers on the ¢Compeer,” each 3’ by 7/, are allowed to carry
100 pounds pressure, The L, P. Smith,” canal-boat, has one 4’ 37 by 9 6 (long) return-tubular boiler.

Crass V: Of 25 boilers 3 are of the locomotive, 1 of the vertical tubular, and 21 of the return-tnbular type.
The vertical tubular Loiler is on the yacht “Dashaway” The locomotive-boilers are upon the yacht “Bessie? and
the tug-boats ¢ Charles P, Grout” and ¢ John 8, Ide” There are no steel boilers. Nearly all of the steamers are
tug-boats. o

Crass VI: Of 67 boilers 22 are vertical and special tubular boilers commonly used upon steam yachts, 8 are
locomotive, and 30 are return-tubular boilers, and there is 1 Redfield flue-boiler. The vertical tubular-boilers are
used on 22 steamers, tounage, 210.48; cubie feet (aggregate) of boilers, 1,450.65. The locomotive-badilers are used
on 8 steamers, tonnage, 71.31; cnbic feet of boilers, 225.86. The Redfield boiler is used on a boat of 16.68 tons,
and has a volume of 135.19 cubije feet. The return-tubular boilers are used on 36 boats, tonnage, 563.31; cabie
feet of boilers, 4,997.33, Hence we have cubic feet of boiler-volume per registered ton of steamer as follows:

Cubio feet.

e s L ] 1Dl o) N A 8,84
Y LA T o ) s g 8.10
Vertical tubnlar Dodlers ..o cue o ae i are toas et e ot b iee caraem e sy armniranre e cean At tann waas 6,70
LocomObive-DOILOTE ..o iiiaa ci i it o iee e iaaran aras e g cans ces e taremnan temmee s maae 317
Average size of boats :

Tonas.

W oL~ DA r D 0I O . c e a st e mor e cae s aees e nmme smvens cammas cnmmneae e on tueass csnmesammastannene cman 16,70
With vertical tubular Boilers o . o it anus s smae avan camms comn masy smak ssanncannscenaransnenannosanemnnaas DB
“With locomobive tulbular Doilers. .o veseecee verecaemecrn sovnesancn van - . 8.91

Return-tubular boilers are the common type for tug-boats. There are no steel boilers in this class. All of
_these small boilers carry high pressures, that is, 60 to 100 pounds, but rarely over 100 pounds per square inch.

' BOILERS OF NEW YORK STEAMERS.

OLass I: Number of boilers enumerated, 162; rectangular and semi-rectangular, 14; cylindrical, 148; ﬂue,
8; tubular, including flue and tubular, 154,

There are four vertical tubular boilers of a type already deseribed. The steamer ¢ IEIudsou,” 1,872.08 tons, Las
four return-tubular boilers, each 9 by 14. The steamer ¢ Louisiana,” 2,840.33 tons, a new amd swift Steamer
of the same line hetween New York and New Orleans, has eight cylindrical tubular boilers of a pecaliar design
patented by Mr. Baird. The “Clyde,” plying between New York and Aspinwall, has {wo rectangular boilers
% high, 18/ front, 13/ long. The ¢ Hudson City,” 1,008.95 tons, has one drop-return flue-boiler 10/ in diameter Ly .
33 long. The ¢ Central,” 1,023 tons, has one return-flue boiler 10/ 37 by 35 long. The ¢ Communipaw,” 1,023
tons, has one return-flue boiler 10/ 6 by 32/ long. The last three are well-known ferry-boats with beam-engines,
The ¢ Plainfield,” “Fanwood,” and other ferry-boats have similar boilers. The “Maryland,” 1,093.03 touns, o
transfer-boat plying between J ersey Oity and Harlem, hqs two semi-rectangular b011ers 13/ 6 \Vlde 'Lll(l 16/ long:.
These are return-tubular boilers.

"The rectangular typoe of boiler is mueh more heavy for the same boiler volume and stren gth than the c¢ylindrical
type. It requires a heavier shell and a greater weight of bracing, and is generally designed only for low pressures.
It may be considered an old type and belonging to a period when boiler-pressures averaged much less than ag
present, as they now average less than they will probably average in the future, The idea in building rectangular
boilers i3 an obvious one, viz, to fit the shape of the boiler to conform with the hold of the vessel. Oun this aceount
some are now built especially to replace worn-out boilers of the same type,©

The “Morro Castle,” 1,713.61 tous, plying between New York and Charleston, has four return-tubular boilers,

each 11/ 2/ in diameter Mld 10/ long, Each boiler has six hundred and, eight 3/ tubes.
The ¢ Saint John,” 2,645.19 tons, plying between New York and Albany, has two flue-and-tubular boilers, each
-13’in diameter by 27/ 8" long; tubes, three hundred and forty, 4§/; flues, twenty, of the diameters 1064“, 171",
and 273", .

The “Rio Grande,” 2,656.29 tons, plying between New York and Galveston, has four return tubular boilers
11/ 8/ in diameter and 10/ long. Each Dboiler has three furnaces with 34/ flues and two hundred and six 3" {ubes.
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The “Manhattan,” 1,526.19 tons, plying between New York and Norfolk, has two lobster-back boilers, ecach
233/ wide and 13§/ long. These are return-tubular boilers, and each has threo furnaces, Tho aggregate grate
aren is 130/,

The ¢ Hudson,” of the New York and New Orleans (Cromwell) Line, with four return-tubular boilers, has
7,249.88 square feet of heating surface below the water-line to a boiler volume of 3,562.52 cubic feet; ratio about
2.03. The heating surface ag estimated is distributed as follows:

Teat.

Tubos. ceuveevnvranvanann N 44 m e er i mmae e be e s e s e A sk st man e e enaamaenn b ha s an e een . 5, 980. 40
LD T H2l, 24
O INOES o o v e e ee e e min me Semn sae ms m e a4 cmmm ek e em e e — e ek Ak e e mee nen aeen teee nnans 270, 64
T T PPN 7 1t I {1}
Front HoXes.coseiverevncnsineen € e n Aabame e e s A Ee e AN ha Kk mE e ane e e ansauny fene mene e 89, 60

The grato surface is 130 square feet; ratio heating to grate, 33.25.

The ¢« City of Augusta,” 2,860.64 tons, plying between New York and Savannah, has six 12/ 6 by 11 feet long
return-tubular hoilers of steel. The ferry-boat “New Jersey” has one 10/ 3/ by 33 feet long retnrn drop-flue boiler
of steel. The remaining boilers of this class are of ivon. Of 162 boilers, there are 14 used singly, mainly ferry-boat
boilers, There is 1 seb of 8, and there are 4 gots of G, 18 sets of 4, and 32 sets of 2 boilers. |

OrassII: Of 105 boilers, 62 are veturn-flue boilors,ﬁ sectional-tubular boilers, 2 direct- tubuhr, and the remainder
return-tubular boilers, This is pro-eminently the ferry-hoat class, and the drop-flne boiler is the prevailing pattern
for ferry-boats.

The ferry-boat ¢ Lpckawanna,” 801.80 tons, has one drop-return flue and tubular boiler 10/ 107 in diameter and
24 feet long, with two furnaces. The forry-boats “Princeton” (838.43 tons) and “New York” (881.01 tous) are
peculiar in having direct-tubular boilers of steel. Iinch boat has one boiler 8 4/ in diameter and 33" 6 long. These
are tho only steel boilers in this clags, but, like most ferry-boat boilers, carry low pressures. Much lower pressures
are carried in the boilers of this than of the preeeding class.

The ¢“IBenefactor,” 843,55 fons, an occan steamer in the coasting trade, is provided with two Babcock ‘&
Wilcox sectional tubulm‘ boilers. The high economy of water-tube boilers is generally admitted, -The Montgomery
yater-tube boiler had vertical tubes in the direct, and the Martin water-tube boilers vertical tubes in thereturn,
courss of the produocets of combustion, The tube spaces wore not easily accessible for clmnmg, und the water was
liable to “lift out” on account of defective cireulation, In a Babeock & Wilcox boiler there is a series of inclined
water-tubes fastened into end connections by expanding the tubes into aceurate tapeved holes, These ond pieces
connect with a horizontal steam and water drum located above the tubes, and the end piece at the back of the

,Doiler connects the lowest point of the tubes with a mnd-deam. The water-tubes are so placed that each horizontal
row of tubes comes over the spaces in the previons row, and each tube is closed at each end by a hand-lole plate
made steam-tight by accurately milling the joints, The tubes are thus accessible for cleaning, both within and
without, and there is an active circnlation, steam passing up the inclined tubes, and water flowing down from the.

- gteam-dram through the back connection. These boilers, as placed upon the * Benefactor,” are cased in suitable
supports for marine service. 'With the casing, they are 15 feet 6 inches inlength and 11 {feet 6 inches wide. There
are 40 square feet of grate surface and 2,000 square feeb of heating surface. The space occupied by this boiler is
said to be about two-thirds that of the same capacity in fire-tube boilers,

The “Secancns,” 942,20 tons, has one drop return-tubular boiler 107 6 by 24 feot, The ““Rosedale,” 938,65 tons,
has two veturn flue Doilers each 8 feet by 30 feet. The * Susquehanna,? 921.28 tons, has one return-tabular boiler, 10
feet by 24 foet, Tho “City of Dallas,” 914,55 tons, plying between New Yorl and Jacksonville, Fla., has two rwt
angular return-tubular boilers, each 144 feob wide, 11§ feet high, and 10§ feet long. To describe a rectangular
Dboiler ag wider than it i3 long might seem an abuse of terms, but the dimension of length is as usual taken in the
direction of the tubes. The ¢ Nassan,” 504,37 tons, has one return-flune boiler 9 feet by 24 feet Jong. " The ‘“Minnie
Cornell,” 503.19 tons, has one return-tubular boeiler 8/ 3/ by 20 feet long. :

(_;LASb III: Of 169 boilers ennmeraied, about 66 per cent. are return-tubular boilers, Thereare 6 rectangular
boilers, The “Amboy,” a towing boab of 272,50 tons, has such a boiler 11/ 6/ wide, 10/ 6 high, and 13’ 6 long, of
the return-tubular type. There are 3 locomotive tubular boilers. The ¢ Annex No. 37 has such & Doiler 7/ 2/ in
diameter by 25/ 3/ long. - There are twelve vertical tobular boilers which are employed mainly upon canal-boats.
The largest is a boiler 78/ in diameter and 11 feet high upon the canal-boat “A. I, Smith,” 126.23 tons. The canal-
boat # City of Rochester,” 126,23 tons, has one vertical tubular boiler 4 feot in diameter by 6/ 3" high, with 162 2
tubes. The freight-boat *Joseph Hall,” 161.88 tons, has a Redfield flue-boiler, 4 6/ by 10’ 9 (long). The inland
passenger-steamer ‘‘Erastus Corning ” has two return-flue boilers each 6/ 10" by 26 feet long, and 33 other boats
have flue Loilers. The vertical boilers are characteristic of the canal-boats and the return-flue boilers of the ferry-
boats, but the towing and inland passenger-boats have return-tubular boilers in the vast majority of cases.

Few boilers are of steel; not more than 4 or 5 out of 169,

The inland passenger-boat ¢ Shadyside,” 444.17 tons, has one return-flue boiler of steel. Thisis 7/ 97 in diameter
by 30/ long. The yacht ¢“Polynia,” 168,02 tons, has two 9/ by 10/ return-tubular boilers of steel. Iach boiler has
210 24/ tubes. The lighter “Transit” has one 7/ 6/ by 14/ return-tubular boiler, partly of steel.
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Most of the elevator-boats have return-tubnlar boilers. The canal-boat “Steam Enterprise,” 120,76 tous, has
one 4/ 6 by 19/ 2/ locomotive-boiler. The yachts ¢ Corsair” and “ Stranger,” 247.40 tons, each have two tubular
boilers, placed fore and aft, one on each side of the vessel. The boilers are 11/ in diameter and 10/ 6/ long, and
each has two corrugated iron farnaces, 3’ 9 in diameter, 148 3/ tubes, 42 square feet of grate, and 1,000 square feet
of heating surface. The smoke-stack is 4/ in diameter and 24’ high. The ordinary boiler pressure is 90 pounds.
The boiler volume in eubic feet nearly equals the heating surface in square feet.

The ferry-boat “Midland,” 402,88 tons, has one drop return-flue boiler 8 6 by 20/.  This has 16 flues of different
diameters, 11, 14, and 19 mches

Orass IV: Of 149 boilers enumerated, 4 are return-flue, 5 vertical tubular, and 149 return-tubular. One
boiler is reetangular. The vertical boilers are upon yachts, fishing-boats, and small freight-boats. The inland
passenger-boats “Only Son” and “Tiger Lily” have return-iae boilers. But the tug-boats, which make up the
Dody of this class, have steam machinery of a umform pattern, return-tubular boilers, and short-stroke, direct-acting,
nou-condensing engines,

The steel boilers in this class may be very briefly specified.. The passenger-boat ¢ O, R. Stone,” 5,540 tons,
has one return tubular steel boiler 7/ by 13/ long. The freight-boat ¢ Clara,” 73.65 tons, has one return-tnbular
steel Loiler 5/ 6/ by 107 long, The passenger-boat. “Varuna” also has a return-tubular boiler of steel.

Orass Vi Of 145 boilers, 8 ave vertical tubular, 5 Redfield, 2 locomotive, 1 vertical water-tube, and 129 return-
tubular.

The inland passenger- boab “ Rlva,l ” 45.51 tons, has an upnoht water-tube boiler, The inland passenger-boat
“Governor Fenton,” and the tugs “(1601 go H. Starbuck” and ¢S, B. Babeock,” have Redfield boilers, There are
four steel boilers upon the “Theresa,” * Skylark,” ¢ Promise,” and * Thomas l’urcell ” respectively.

OraAsg VI: Of 106 boilers 30 arve vertical tubular, 4 locomotive tubular, 1 water.tube, and the rest mainly
return-tubular, There are 4 small rectangular boilers, beside the water-tube boiler, which is 6/ high on a 4/
square base. This is upon the yacht “Hvil” 15.35 tons. The steam pressure allowed is 65 pounds, The yacht
# Duplex ” is returned as having 2 vertical tubular boilers of steel, each 3/ diameter by 4/ 2/ high., There are in
oll 8 small boilers of steel, most of them being upon yachts of less than 5 tons measurement.

EXAMPLES OF BOILERS FROM NEW YORK STEAMERS.

The statistics of the subject having been thus outlined, a more specific description of some of the more notable
forms of Doilers employed upon steamers plying from New York is here given. Return-tubular boilers are the
common type for bay and ocean service, but the name covers considerable variety in ‘detail.

What is commonly known as the marine type has a large shell, cylindrical or rectangular, containing one or
more furnaces,. and the grate bars extend over half the length of the boiler, the products of combustion passing
into an uptake or rising box or flue at the back of the boiler and thence through return tubes over the furnace to
the nuptake proper or front uptake leading into the chimney. The uptakes are sometines called front and back
boxes. The return tubes are no longer than the furnace, but if they be extended in length, as we may often see
that they must be from the stated length of a boiler, it is necessary to have flues to lead the products of com-
bustion to the back uptake, and then we have the type of return-tubular boiler which may be fully described as
the direct-flue and return-tubular boiler. Tinally the boiler ¢ylinder may be limifed to the part inclosing the re-
turn tubes; and being properly supported, there may be a special iron or steel fire-box for the furnace or it may,
with the bridge and back box, be built up entirely in fire-proof masonry. This is the land type of return-tubunlar
boiler, but it is also employed upon steamers, especially upon river-boats., It is an arrangement which permits a
small diameter of boiler and the employment of high pressures with safety. In case a water bottom is employed,
as is guite usual, the direct flues or passages areinclosed within the eylindrical shell, as are also the furnaces wlhen
these are not accommodated by a separate rectangular front fire-box, which may also be surrounded by the water

-space,

The usual form of return-tubular boiler with water bottom is illustrated in Fig, 21, In this boiler there are
68 square feet of grate to 2,215 square feet of heating surface. The scale of the drawing is 3/ per foot.

The boilers of the steamer ¢ Hudson? are of the return-tubular type and have 180 square feet of grate surface
and 7,249.88 square feet of heating surface, divided as follows:

Square foat,
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TUTHIACO «ceaer ceaums comacs samaat camanenenuseasneannnce cann ase amansacan secnnesennns nnmneaanansnsaenennn DL 24
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THE MARINE STEAM POWER OF THE UNITED STATES. ‘ b7

This is below the water-line, superheating surface not being included. There are four boilers, 13/ 8" long, 9 43/
in diameter, the height of front or fire-box being 127 6. Tach has three furnaces 6/ long and one hundred and

forty 3§/ diameter by 11/ 87 long tabes, The following are the kinds and weights of material entering into the
construction of these boilers : '

Pounds,

Tl e em e een e s et e it e emat seemee s ama e mean b e eannnn camans ranees ananneannanyamnnenne 107,035
L o L PP AP RPTR IR b 1
I‘orgings ..... S Em e E e et umaeceaane nenn e suvies sane e amm i ca e e amaaeesaman mceam s mmna 58, 059
R RN et vmesaumaracan 11, 962
Sheot IR0I 4u e i it tiaear e e raenan s e bee e eaenas tmemae tmmans vomeay mmaenann 1,620
T L ) RN 1,481
1 R 399
BT A N 400
Tubes ..... vt mmn mman e e e e samaee aaa e nea e e can . marn vt amananan Ceruar amasanrayaaae 27,890
Total weight vennee .. e e imemme s arar e asen cmuweanne naean anaamromann et e tmam. cemne amaaas 301, 780

The boilers of the steamer “Pilgrim ? are of the Redfield type. There are 4 batteries of boilers, each with &
seb of 3 shells, each shell 7/ in diameter. The extreme outside width of Loileris 237 6%, length 15', Bach shelk
has one hundred and thirteen 34 by 12/ (long) tubes, and a furnace 7/ ¢ deep.  The boilers are placed athwart-
ship, and each battery has two 36/ by 12/ drams, They are connected by doable breechings to two steam-chimneys
or super-heaters 20’ high, The pecnliarity of the Redficld type cousists in the braced water-shell, which con-
stitutes the framing, There is smlso a donlkey boiler, of the locomotive type (used for pumping and other purposes),
on board the ¢ Pilgrim,”

The * Mary Powell” has two steel boilers, each of the following dimensions: Length over all 20/, eylindrical
ghell 10/ diamoter and 16' 17 long, fire-box ¥ long 11/ wide. Thero i a 5§ 10¢ diameter steam-drom, and a 4 277
diameter steam-chimnoey, thoe height of the steam-drum being 12/, The smoke-stacks are 4/ 6/ in diameter aud G8¢
high above the grate. There are two furnaces 4/ 107 wide and & long. There are ten dirvect flues 9 17 long, two
147, six 167, and two 9/ in diameter, and the return-tubes are 44 in diameter,  The grate surface for both hmler»
is 152 square foet; heating surface, 2,660 squave feet; super-heating burfu(,e, 340 square feet; cross aren of lower
flues, 23 square teet cross avea of tubes, 17.2 square [L.GL chimney area, 25 square feet. :

The “Lomshuw” has eight boilers, having a total gmte gurface of .5:4 square feet and a total heatmg surfacer
below water-line of 15,840 square feet, An llustration of a pair of these boilers is presented in Tig. 22. Iacle
boiler has a length of 12/ 2 and a diameter of shell of 8 6/, and there are 216 tubes in each. There is no water:
Lottom extending under the fornace, bub the eylindrieal shell is supported by a detached water-jacket, the peculiar
construction of which is exhibited in the drawing. The boilers are shown with steam super-heater, and smolke-
stack connections in two views centering upon the smoke-stack. On the right hand side is a section looking
forward, athwartship, and on the left hand is a fore and alt view showing half the smoke.siack and the set of twe
boilers on one side, there Deing in all four oty of two each, The dock lines are indieated, but to avoid confusiom
the ventilator pipes and somo other ship details are not shown,

TFLUR BOTLERS,

The great number of flue-boilers employed in steamers running from New York and in the vicinity, in rivery
harbor, aud coastwise service, ealls for special mention of this class of boiler, which are principally of three types:
the ordinary return-flue boiler, the lobster-back return-flne Loiler, the drop return-flue boiler. The “lobster” pat-
tern differs from the ordinary returnlue boiler majunly in lmving the farnace forward of the chimney. The drop
return-flue boiler has threo sets of flues, one extending from the npper part of furnace to a back box, and from this
the products of combustion pass forward by a second and lower set of flues to a forward box or connection in
which they drop a second time and traverse the length of the hoiler by a still lower set of flues, finally. passing out:
of the back uptake leading to the chimney. Thesemportant types of beilers, as built by Messrs, W. & A, Fleteher,
are illustrated in Figs. 23 and 24. The ordinary return-flue boiler as shown has 72 square feet of grate to 2,000
square feet of heating surface. The lobster pattern return-flue boiler has 72 square feet of grate to 1,500 square
feeti of heating surface. The drop veturn-flue boiler has 64 square feet of grate to 2,010 square feet of heating
surface. The flue-boilers of the lobster and ordinary types are shown without water bottoms under the farnaces,
but they are. often built with water bottoms.

BOILERS OF PHILADELPHIA STEAMERS.

In Olags I all the boilers enwmerated are return-tubular. The “Juniata,” plying Letween Philadelphin and
New Orleans; the “Norman,” plying between Philadelphia and Boston; and the ¢ Saxon,” in general coasting
service, have rectangular boilers, The “Juniata,” 1,320.3L tons, has 2 boilers, each 10/ by 14/ 9/ (wide) by 10’ 6/
§long). The “Norman,” 1,203,26 tons, has 2 boilers, each % 10" by L7/ 2/ by & (long). The collier ¥ Perkiomen,”

,035.35 tong, has 2 eylindrical retnrn-tubular boilers 10/ 3/ by 8/ 8 (long).
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In Class IT there are a considerable number of rectangular boilers, many of them upon vessels of recent build
and some allowed no more than 20 pounds pressure. The Dboilers are almost invariably return-tubular, but the
“YTong Beach,” 51951 tons, has & 10/ by 28’ (long) drop-flue boiler. The city ice-boats have enormous boiler
capacities, necessary to supply the power for breaking up ice on the Delaware Bay and River. No. 1, 325.97 tons
(Olass III), has four 8’ 6 by 23’ boilers; No. 2, 458.02 tons, four 9/ 7 by 22/ boilers; No. 3, 637.20 tons, eight 10/ by

12/ boilers, all being of the eylindrical return-tubular type. The collier “Berks,” 553.09 tons, has one cylindrieal

return-tubular boiler, 8 8/ by 12/ (long).
In Olass III the following four steamers have vertical tubular boilers,

The inland pa,ssénger-bomb “Twilight,” 466,93 tons, ono rectangular vertical tubular boiler 11/ 6" wide, 15’ high, allowed 35 pounds
pressure,

The ‘¢ Acadia,” 387.26 tons, plying to the West Indies, two vertical tubular beilers, each 8’ diameter and 12/ 5 high,

The yacht “ Concord,” 225.22 tons, one vertical tubular boiler 6’ 9 diamoter, 11’ 2" high.

The inland passenger-boat ¢ Cinderilla,” 131,22 tons, ono cylindrical vertical tubular boiler 5 17 by 10,

Most of the ferry-boats are in this class, They have cylindrical tubular boilers, 8/ diameter by 22/ long being
an ordinary proportion, Most of the large canal-boats are also in this class. The canal-boats ¢ Raritan,” 166,53
tons, and * Delaware,” 166.53 tons, have each a eylindrical return-flue boiler 7/ by 14/. The canal-boat ¢ Fannie,”
186.98 tons, has a 7/ 6” by 18/ (long) return-tubular Dboiler.  On the whole, while it may be said that there are
relatively more rectangular boilers in the Philadelphia than in the New York district, there are relatively fewer
flue-boilers in the former than in the latter district.

In Class IV, nearly all of the Doeilers are return-tubular, and the same holds true of the remaining classes
with a larger number of vertical boilers as might be expected upon the swmaller boats. The ¢ Ibis, jr.,” a small
boat of 4 tons, has & Herreshoff coil boiler which is allowed 133 pounds pressure, and some of the small boats have
locomotive-boilers.

But for a few exceptions upon boilers of steamers of the smallest class, it might Le said that there were no steel
boilers inspected in this distriet. There'is, however, a 48/ by 42/ by 72/ high vertical tubular boiler of steel upon
the boat *River Queen,” 10.08 tons; a &’ by 9’ cylindrical return-tubular Loiler, partly of steel, on the yacht
¢ Columbia,” 19,87 tons; and a steel boiler, cylindrical vertical tubular, 3/ 16/ diameter and 5/ 67 high upon the
“ Comet,” a boat of 23.30 tons,

Tlm frequent employment of large rectangular boilers in the Philadelphia distriet has been noted. The dimen-
sions of such a boiler, one of a pair supplying steam to a 30/ and 50" by 36/ compound engine are as follows:
Length, 14/ 6”; breadth, 8/ 6//; height, 9'; type, compound direct-flue and return-tubular ; flues, 4-117 and 2-18",
all 5/ 6" long; tubes, 64-43” diameter and 12/ long; heating surface, 1,241 square feet; grate-surface, 42 square
feet; there being in each boiler 2 furnaces 6/ long and 3’ ¢/ wide.

BOILERS OF BALTIMORE STEAMERS.

In Class I are sixteen Dboilers, all return- tubular, and one pair rectangular. The “Johns Hopking,” 1,470.07
tons, has two boilers, each 192 in diameter and 13/ long. This steamer plies between Baltimore and Boston. The
“Lancaster,” 1,283 tons, a steamer plying from Philadelphia to points on the Atlantic coast, has two boilers, eacly
11/ diameter by 9/ 6" long, with three hundred and seveuty-two 3 tubes.

In Olass II ave forty-seven Loilers, the majority return-tabular, There are eight boilers of the Scoteh type (ﬂue
and tubular), two of 10/ diameter by 12/ 67 long on the ¢ Saragossa,” plying between Baltimore and Boston, and six
of 9 diameter by 11/ long on the “I C. Latrobe,” plying upon Chesapeake bay. The last are allowed 60 pounds
pressure, Seven boilers are specified as flue-boilers and four are specified as rectangular boilers.

The ¢ William Kennedy,” 974.57 tons, plying between Baltimore and Providence, R, T, has one return-tubnlar
boiler 127 in diameter by 20/ long. This boiler hasten flues of Several diameters, 16” 147/, and 104", and one hun.
dred and forty 4// tubes 14 6/ long. The pressure allowed is 35 pounds,

In Class I1I, seven out of fifty-four are specified as return-flue hoilers, and one as a rectangular boiler. Nearly
all are return-tubular boilers, The river boat “Mary Washington” has two 3/ 6/ by 18/ tubular Loilers; pressure
allowed 80 pounds. In Class IV, nearly all of the boilers are of the usual return-tubalar type, but the river boat
“Virginia,” 5114 tons, has a 36“ by 12/ locomotive-boiler, and the river boat ¢ William McKinney,” 74.07 tons,
has a 4/ 6" by 10/ fire-box tubular-boiler. In ClassV, there are specified 2 Scotch type, 3 vertical, and 1 locomotive
boiler out of & total of 44, the rest being return- tubnlar boilers either with outside or inclosed i‘urnaces. In Qlass
VI there are 9 vertical tubular 1 return-flue, and 39 return and direct tubular boilers.

Ouly four small steamers in this district have boilers of steel or partly of steel. Theso-called Scotch type boilers
of the “Saragossa” are direct-flue and return-tnbular, each having three 34/ direct furnace flues and one hundred

and twenty-eight 83 return tubes. The tubes are 12/ long. The boilers are eylindrical in form, with an independ-
ent steam dram. ‘ :

o g e
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BOILERS OF NORFOLK, CHARLESION, AND SAVANNAH STEAMERS.

In the Norfolk district, we find the same types of boilers as in the Baltimore district and in about the same
numerical proportions. The “1B. and J. Baker,” 212,67 tons, plying between Norfolk and the West Indies, has one
T by 16/ flue and return-tubular boiler of steel and iron. This is the only steel boiler specified.

In the Charleston distriet, of 76 boilers enumerated, 16 are of the locomotive type. These are upon boats -
plying upon the Santee, Pedee, and Cape TFear rivers, The “Tarmer,” 470.01 tons, the *Merchant,” 405.58 tons,
and the “Planter,” 384.356 tons, plying from Charleston to Cheraw and points on the Great Pedee and Santee
rivery, have each two 54/ by 14/ tubular Doilers of steel. ‘Fhese have shells %%/ thick and are allowed a
pressare of 120 pounds per square inch, The small steamers * Blizabeth” and *“Oklahama” have vertical tubular
boilers of stoel.

In Class VI, of the Savannah district, five boats have coil-boilers of the Herreshoff type. The largest is the
“Qgecchee,” 8.39 tons, which has one 87 by 12/ engine. The yacht ¢ Joesie,” plying from Saint Auvgustine to Ma-
tanzas Inlet, has a coil-boiler with 100 feet of 1/ pipo and one 817 by 6/ engine. The small yacht “Marie,” with
one 23/ by 3" engine; the * Major Tilton,” with one 34” by 7/ engine; and the yacht ©Olivia,” with two 8" by 5
engines, have coil-boilers,

In Class VI, Charleston district, six out of fifteen boilers are \'ertleul and five ont of fifteen locomotive tubular .
boilers. In Olass VI, Norfolk district, twelve out of thirty-five are vertical tubular, In Olass VI, Savannah dis-
triet, out of tweuty—ﬁve boilers nine are vertical tubular, two locomotive, five coil, and the rest return—tubular.

The tug-boat ¢“Arrvow,” 173.50 tons, plying upon Saint John’s river, has one 54 by 20’ lecomotive-tubular
boiler. The passenger-boat “Athlete,” 178.85 tons, plying on Saint Johws river, has one 8 by 17/ 0/ return-
tubular boiler. The “TFlorida,” 475,71 tous, plying between Savannal and Palatka, has two 5 by 19/ 10 return-

“tubular boilers of steel. These have shells A8 thick and ave allowed 120 pounds pressure., The small boats

“Dart” and “Parole” have vertical tubular boilers of steel.

The *City of Macon,” 2,092.80 tons, plying between Savannal and New York, has four 12/ 8/ by 10’ 6/ (long)
eylindrical return-tubular boilers., These have shells 4 thick, of iron, and are allowed 80 pounds boiler-pressure.
The “Gate City” and “0Qity of Columbus,” ocean steamers, plying between Savannah and New York, have each
four 1%/ 8 diameter by 10’ 6 long cylindrical return-tubular boilers, shells %% thick; pressure allowed, 80 pounds.
Theso are of iron. 1t may be remarked that the 12/ 67 diameter steel boilers of the 4 Qity of Augusta” have a

. thickness of material of 0.762 and are allowed 100 pounds pressure, and that the 14/ 6/ iron boilers of the “Oity

of Alexandria” have a stated thickness of material of 17 and are allowed 80 pounds preqsure. Than the latter
there are no thicker boiler-shells upon the coast.

BOILERS OF GULF STEAMERS.

Passing from the Atlantic to tho gult ports of the southern states, the influence of Mississippi river practice
appears oven ag far as ey West, in tho greater number of flue-boilers.

Of 25 boilers enumerated in the Apalachicola district, 8 are return-flue, 3 vertical, and the rest return-tubular.
Plying upon the Apalachicola river we find the ¢ Rebecca lEveringham,” a boat of 592,20 tous, with two 38/ by 16/
return-flue hoilers of steel, and allowed the high pressure of 183 pounds per square inch. This is the only steel
boiler specified. The ocean pagsenger- and most of the tug-Loats have return-tubular boilers. The inland passenger-
boats, many of which make short rans along the coast, have flae-boilers. The freight-boat “D. L. Yulee,” 139.66
tons, has one 4/ by 2% (long) return-flue boiler; prossure allowed, 108 pounds. For the same boiler capacity, the
flue-hoilers, being of small dinmeter, are commonly uged in sets of two or more, while the tubular boilers are nsed -
singly.

When wo reach the Mobile district the retarn-tubular boilers from being the rule have become the exception,
The largoe propeller towing-boat * Lone Star,” 482,10 tons, has one 10/ by 22/ ¢/ (long) flue- and return-flue boiler,
The John L. Moore, 457,31 tons, has four 38 by 20/ (long) donble return-flue boilers. Both of these boats are
propellers. The ¢ Bradish Johnson,” an inland passenger-boat with paddle-wheel, has three 40" by 28 two-flue
boilers, "The paddle-wheel boat ¢ Annie,” 200.10 tons, has one direct-flne and return-tubnlar boiler, 7 10 diameter
Dy 207 8 long. The tubes are 14/ 10/ long. The paddle-wheel tug-boat ¢ Bscambin,” 94,98 tom, hasg two double
return-flue boilers 37 6/ diameter and 207 6" Jong, The boiler of the “Annie” is allowed 25 pounds; that of the
¢ Tseambia,” 110 pounds pressure, There are in this distriet a considerable number of fire-box and locomotive
tubular boilers, this being the usual type for towing-boats, The tug- boat “ Qoosawattie,” 38.45 tons, plying on the

-Cuosa river, has one 40/ diameter by 117 2/ long locomotive-boiler, which is allowed 100 pounds pressure. There

are three or four vertical tabular boilers upon small yachts and tug- boats. The yacht “Lule Burns,” 3 tons, hasa
small steel boiler, and the passenger-boat ¢ Maggie I, Burke,” 284.37 tons, plying upon the rivers of Ahbfmm, lias
two flue-boilers 42 by 3% of steel. The thickness of mwterml,ls &% and the pressure allowed is 173 pounds.
The river freight-boat ¢ Lillic Low,” 64 tons, has two 8/ by 16/ ilue-boilers of steel. The remaining boilers in the
distriet ave of iron,
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Of the Galveston steamers, an enumeration made subsequent to the close of the census year by Mr. Lewis C.
Hershberger, local inspector, gives the following data of boilers : Total number, 48 ; iron boilers, 45; steel, 3. The
steel boilers are a return-tubular, 5 6 by 11/ on the freight-boat ¢ Daniel I’eggotty ;7 a vertical tubulﬂr on the

1. D, Sidbury ;" and an 8 by 11/ return- tubular on the ¢ Continental.” There are 2 vertical tubular boilers, and
of the horizontal boilers 15 are return-flue, 27 return- and 2 direct-tubular, and 2 flue- and return-tubular. The
return-tubular boilers range in size from 2/ 4/ diameter and 3’ 6/ long to 8 diameter and 16/ long. The return-flune
Dboilers range in size from 3/ (diamneter) by 12/ to 3/ 4/ by 24/, Sixteen boilers are used in sets of 2. Of these, 1 are
return-tlue boilers. ‘

The steamers inspected at the port of New Orleans are divided, geographically, into two elasses, the river-
service and the gnlf-service. The flue-boilers are mainly employed in the river-service. Steel boilers also are very
common upon the river, but rare upon the galf and harbor steamers, The ¢ Interprise,” 1,041.20 tons, plying
between New Orleans and Algiers, Louisiana, has four steel boilers of the return-flue type, each 4/ by 20/ (long).

The ferry-boat ¢ Nathalie Hamilton,” 148.99 tons, plying between New Orleans and Algiers, Louisiana, has one
return-flue Loiler 44/ by 26/ 6/ (long) of steel. The * Ella Andrews,” 64.29 tons, plying botween New Orleans and
Pensacola, has one return-tubular boiler 7 6/ by 13/ of steel.

The “Ghalmette,” 2,982.96 tons, plying between New Orleans and New York, has four return-tubular boilers,
_ each 13 in diameter by 12/ 27 long.

Of the steamers inspected at New Orieans, by far the gre’tter proportion belong to the river-service. Of
steamers of Class I, 14 out of 26; of Class LI, 6 out of 15; of Class III, 3 out of 91; of Class IV, G out of 40; of’

Class V, 3 out of 30 and of Class VI, 2 out ot 44. are spemﬁed as plying upon the (rlﬂf this not including boutq
specifiell as plying from New Oxlmm, to the sea and the local service, nor the boats speclﬁe(l above as plying
between New Orleans and Algiers. Of the thirty-four steamers specified the return-tubular is the characteristic

- type of boiler. The coasting-steamer ¢Qhase,” 576.47 tons, has one 93 by 20/ fire.-box return flue boiler. The

“Heroine,” 180,14 tons, classified as a lake, bay, and sound passenger-steawmer, plies between New Orleans and

Mobile, and has a haystack tubular.return boiler. This steamer wag built at Glasgow, Scotland, 1862, Its boiler

is 12/ in diameter and 13/ high, and has four furnaces and one hundred and fifty-two 24/ tubes to each furnace.

-Among the boilers peculiar to stern-wheel steamers and propellers in the Mobile and New Orleans districts,
there is little blending of type. We do not as a rule find the high-pressure fine boilers upon the propellers nor tho
lower-pressure tubular-boilers upon the stern-wheel boats. The style of boiler suited for a large light-draft boal
is not suitable for a small harbor-tug ; but high- -pressure boilers of small -diameter are nsed upon the propellers,
while tubnlar boilers are the prevailing type for light-deaft river-boats upon the Pacific seaboard. The
preservation of the distinguishing types is due in no small degree to the fact that boats and boilers are for
the most part built in two far-removed sections of the north, the Ohio river furnishing one type while the
Atlantic seaboard of the middle states furnishes the other. If we have before us a list of New Orleans steamers
with the places of build and the boiler-pressures allowed, either item will enable us to diaw a probable inference
ag to the character, both of the boilers and engines, of any steamer in question. The following tables show how
the boiler-pressures allowed range for the several districts and classes of vessels:

New Oulenns, Mobile, ] Galveston, Apalachicoln,
- A e
! Highest. | Lowest, | Highest. | Lowest. | Highest, | Lowest. | Highest. | Lowest.
) v | Pownds. 1’uund3. Pounds. | Pounds, | Pounds. | Pounds. | Pounds. | Pownds,
[T N 4 b1 T U P T
ClagaIl....... 170 241 U R P 25 187 [vreearnnns
Class TIT 181 30 173 25 135 50 150 J0
(LS 8 T 173 45 120 40 [ 120 5 80 70
Clags V... 169 50 100 40 120 (1] 30 40
Class VI 115 50 130 55 100 (il .80 60

For New Orleans the enumeration of steamers W1t11 boiler-pressures above and below 90 pounds is as {ollows,
by classes:

Boiler-pressures,

Number of

SEEANETS. | Alove 00 | Below 00
pounda. Ppounds,

Olass I ...... oo TS 14 '
Clags IT ._....... 15 8 7
Class ITI 01 70 21
Clags IV.cuven. .- ' * 40 0, 10
Clags Voovennn..n 30 ; 17 13
ClASS VI..evenesnvnnarennnn snrmnnsan 46 12 84
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PROPORTIONS AND ARRANGEMENT OF STEAMERS,

Under this head I present some comparisons of the principal dimensions of steamers in various classes of
service and built at various dates, so as to exhibit the peculiar requirements of different services and the tendencies
of different periods. Accounts in some detail are also given of the. constructive arrangements of a sufficient
number of steamers in different classes of serviee to fairly illustrate the subject.

1

QCEAN STEAMERS.

Paddle-wheel steamers in ocean gervice are becoming the exception. They ave less frequently nsed on the
Atlantic than on the Pacific ocean, bnt & considerable number are inspected at the port of New Orleans, while in
New England they are the prevailing type. The following examples may bo cited :

Built before 1866,

: Name. Year. Tonnage, | Length, | Broadth, Depth,
. OISO cevme e emenenenns 1850 | 1,207.08 239, 0 ar.8 23,8
CIDNEON cinnee aeerrsannessuns 1843 1,187, 11 290, 0 85 182
PN L TETITTTE (T 1864 R71. 43 1720 33,5 10.¢
J00C TTarris tenmereannan 1R65 f04, 51 210. ¢ 351 18.4
MOTEAT s ev e ve cvramreananansan 1806 404,61 210.9 83, L 16.6

Ratio length to Lrendth varics from 8,13 Lo 6,01 ; length to depth from 8,96 to 12,64,

Duilt since 1865,

Rl eenea. e matieasiennas 1836 1,103, 02 210, 0 ad, 1 10.6
FONOPIING coeivariiaeianan 1808 1, 282, 6B 206 8 4.3 18,0
Wranoko. oo ierioeines vnnnss 1H70 2, 067, 02 208, 0 10,5 214
WhHNON e i 1871 1,337, 04 6, b a0 1.1
SNt JOInBewsvaensneansie 1878 1, 008, 84 250, 0 - 380 1.7

Ratio length to breadth vavies from 420 Lo 0,743 longth to depth from 9,72 to 10,08,

£
A

The later-built boats cmbrace o wider range of service,
- Of serew steamers and steamships the following examplas are cited :

Steamships built since 1874,
& .
’ ‘ Nume, l Year Tonnnge. | Longth, | Brondth. | Depth,
‘E City of Athnty ooeavinanat 1875 1, 620, 85 210 40,0 20,3
!_ BB FLELCD & 1877 2,000, 28 268. 0 6.4 2.0
k! City of Rio de Janoeiro .., ... 1878 | 8, 64R.80 5.0 a8.0 28.8
1 City of Pava. ... veres aen 1878 i, 082, 26 345. 0 38. 6 8.5
Sarntegi. . veienrrinny . IHTR 2,426, 18 2080 38.0 23.5
4 - Steamshivg built hefore 1875,
P

Gon W CIyleeeenne cevenne. * e | neones | Los6o0 8.0 10.2
Richmoud . ... ... 1872 1, 437, 08 206, 0 33,0 21,6
Pennsylvanin ... 1873 3,104, 28 843.0 43,0 %0

610 ) O 1873 | 2,085.75 202, 0 40,0 20.3 .
Coarondelet..oons weviennuass. 1873 | 1,608,498 248,0 36.0 2.9

g The ratio of length to breadtn is 8.93 for tle “ ity of Rio de Janeiro,” 7.99 for the ¢ Pennsylvania,” 6.24 for
the ¢ Richmond,” and 6.03 for the ¢ Gity of Atlanta.” ‘ ’
Serew steamers built before 1870,

Nome, Yoear, ‘Tonnage. | Length, | Dreadth, Depth.
. Croseont City..eneevemesen.n. 1860 | 2,008.41 206.4 . 840 16.6
' Sontingo 4o CUDA crecavsaans ) 1861 | 1,079.76 231.0 88.0 27,6
Cortex 1563 | 1,246.18 200, 5 85.8 1.2
T S : 1862 ] 1,200.48 | 200.0 34,0 18,0
Morro Castle..... [P . 1864 1,718.81 265, 8 40,0 23,1
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Serew steamships built since 1870,

Nnmeo, Yoar, Tonnage. | Longth, ’ Breadth. Depth.

City of New York........... 1873 1,715,773 242,0 37.0 18.5
Hudson . ...ooianiicien, 1874 1,872, 68 230, 0 340 23, 8

+ City of Washington.......... 1877 2,618, 27 300. 6 38,4 27.5
Manhattan. ....omvyenninnnn. 1870 1,525, 19 238, 0 43,2 20. 2
City of Aloxandrin......conet 187¢ '9, 480, 82 307. 0 | 38.5 23.7

The ratio of length to breadth is 5.88 for -the “Saxon,” 7.81 for the ‘“Crescent Oity,” 6.54 for the “City of
New York,” and 8.24 for the ¢Iudson.” The general bluffness of build as'compared with Boglish practice is obvious,
and the tendency toward greater relative lengths is slight.

EXAMPLES OF LARGE COASTING STEAMERS.

The ¢ Decatnr H. Miller,” of the Merchants and Miners Transportation Company, is an iron steamer of 2,206.14
tons. It is 257 feet long on deck, 250 feet long on the 6 feet water-line from outside of stem to outside of main
post, 38’ 6/ breadth of beam at tho widest, 26 feet depth of hold, and 31} feet depth over all, It is called & full
three-deck vessel. The hold, 8 3" deep, and above that the lower between-decks, 7/ 6/ high, are used for freight.

- Above these are the upper between-decks, 7/ 6/ high, and the promenade deck, upon which are houses coming above
the body of the vessel. Upou the upper deck, apart from spaces for freight, hatches, stores, etc., there are three

sections, the passenger saloon, 60 feet long aft, the machinery and steerage space, 70 feet long amidships, the fore-

castle, 46 feet long forward. On the promenade deck are two liouses, one 70 feet long aft, containing the engine,
mess, and officers’ rooms, social hall and state-rooms for passengers, and one 40 feet long forward, containing the
pilot-house and captain’s and officers’ rooms. - The machinery space on the upper deck and in the upper betweaen-
decks containg not only the machinery but the kitchen, ice-honse, and steerage. The machinery consists of four
_eylindrical tubular Doilers, 11/ by 11/ and two 24 and 54 by 48/ compound engines with the high-pressure

© over the low-pressure cylinders. 1t oceupies about 55 feet of the length of the vessel. Of the depth of hold, 2
feet, 23293” is clear space and 2/ 97 decks, floors, and ceilings, Qn the upper deck, with the passenger saloon are
18 state- -T00MS, and in the forecastle are the quarters.of sailors and firemen,

The iron framing of the vessel it is not within my present provinee to describe, but about the rudder and pro-
peller it may be considered as the framing of the machinery, and the description of this is pertinent to our subject,
The stern is of 8" by 44/ hammered iron, with a solid eye for the screw shaft, the eye being 107 deep and 27" in
diameter. The rudder-post is 8/ by 43, bosses for rudder-pentles &' in diameter and 77 deep, with lignum-vito
bushing; opening for wheel, 5’ 3 wide. The radder-stock is 63" in diameter, extending above the upper deck and
fitted with & quadrant and steering wheel. The rudder-frame is forged solid to the stock with two stiffening bars
hanging ou three pentles; heel pentle 4/ in diameter and 447 long, capped with Dbrass; upper pentles 84 in
diameter. The rudder is filled with white pine eovered with £/ wrought-iron plates. In the machinery section
from the forward-boiler bulkhead to the aft-engine bulkhead the framing of the vessel is doubly heavy., Like most
coasting steamers the ¢ Decatur H, Miller? is desmucd for a mixed freight and passenger service, but the
freight service is the more important feature. Land communication by rail is so much more rapid that the coast-
ing steamers can only absotb a small proportion of the passenger traffic. This steamer is considered a swift vessel,
It makes the trip from Boston to Norfolk in forty hours and fifty minutes, but a, person ean go from Boston to

- Baltimore by rail in less than one-fourth the time required by the boat under most favorable circumstances.
The screw steamer ¢ Chalmette,” one of the largest and most important steamers in the gulf trade, is of 2,932.96
tons register, length between stem and propeller-posts, 32075 over all, 340'; breadth of beam, 42/; depth from base
line, 31". Like the *Decatur I, Miller” the ¢ Chalmette” has three decks, but with different arrangement and no
provision for passengers. The sides of the vessel are iron to above the upper deck, which is flush, fore and aft.
On this deck are the dining-room, kitehen, package-freight house, machinery hateh inclosure, captain’s and officers’
rooms, and pilot-house, the forecastle being below and forward on the main deck. In the completeness and excel-
lence of ber appointments for freight service the “Chalmette” merits especial mention. Steam power is called
into play at every point where manual labor can be conveniently saved, An independent engine operates the
windlass and forward capstan, which were made by the American Ship Windlass Company, of Providence. These
windlasses are among the most commendable features of American marine machinery, There are also five separate
freight-hoisting engines, which serve not only to handle the eargo but to work the aft capstan and handle the
sails. There are three steam winches for handling sails and hauling, There are two large d'onkey -pumps for bilge
and fire purposes, beside which there is a circulating-punp, also two 6/ Hancock inspirators and a boiler feed-
pump. There is a steam steerer in the pilot-house forward, and for further security against accident thereis a
separate safety steering appamtua located in & house over the radder- head. In all, there are fifteen engines on

‘
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board. The main engine is compound, 35 and 707 by 54" stroke, of the steeple type. There are four 13/ by
127 2/ main boilers with & total of 12 furnaces, and there is one large donkey-boiler for furnishing steam for the
numerous small engines, The screw propeller is 16/ in diameter and 22/ piteh.,

The ¢“Chalmette” has nine athwartship iron bulk-heads and three water-ballast compartments. A novel and
effective apparatus is employed for signalling betweert engine.room and pilot-houses. The machinery for propulsion,
including the boilers, occupies less than 607 of length ; but the labor-saving machinery is, as we have seen, dis-
tributed throughout the vessel.

The ¢ Manhattan,” of the Old Dominion Line, is a steamer of 1,525.19 tons, length 228 feet, breadth 35.2 foet,
depth 20.2 feet. This steamer plies bebtween New York and Richmond and is largely engaged in the fruit and
vegetable trade. Iesides accommodations for officers and crew, it has provision for 40 cabin and 30 steerage
passengers. Thera are four water-tight bulkhesds, and bulkheads around the boilers and machinery. There is
one 28 and 53" by 4 feet compound engine with gteam reversing gear, steam syphon and independent circulating-
pump, and there are two lobster-back boilers, each 107 57 in diameter and 22/ long. These have 130’ of grate-
surface, there being three furnaces in each boiler. O auxillinry-maehinery, {here is a platform elevator for cargo
in the forward hold and improved loisting machines and windlasses. I'here are three anechors, of 3,000, 1,500,
and 800 pounds, respectively. The propeller is 13/ in diameter and 20/ 6/ in piteh. The hub is of cast iron with
steel blades. .

The ¢ City of Angusta,” of the Ocean Steamslip Company, is more particularly a passenger-steamer, and one
of the finest upon the coast, I6is 303 feet long, 42.2 feet broad, and 17 feet deep, with a registered tonnage of
2,869.64 tons. It is o three-deck vessel, with.main deck, spar-deck, and hurricane-deck, the last the whole length
and width of the ship, with a pilot-liouse and officers’ rooms npon it forward and a long saloon aft, the lower decks
being occupied by dining-halls, parlors, state-rooms, foreeastle quarters for seamen and firemen, steerage quarters
with 30 Derths, an ice-house of 13 tons eapacity, butcher shops, lockers, store-rooms, and the like. The principal
machinery space beging at the middle of the vessel and extends some G0 feet forward, The machinery has
already becn described.

SIDE-WHEBL STRAMERS,

In the arrangement of side-wheel steamers the most characteristic feature consists in the guards, which are
extensions of the main deck fore and aftof the wheel batteries to the full width of the steamer over all. The effect
-~ of this is to greatly increase the available space upon the main deck, and, as the guards are tapered off fore and
aft, the plan of the main deck has a tendency toward the lozenge shape. This and the utility of the increased space

T
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Ira. 25,

is well illustrated by the deck plans of two New England steamers, shown in Fig. 25.  The engine and boiler spaces
are shown by the leiters B and the wheel spaces by the letters W, and we see ab a glance how large a proportion
of the state-rooms are accommodated upon the guards. The guards ave supported by cross timbers, called spousons,
projecting from the hull of the vessel, and in some cases these extensions are carried so far thab the width of deck
is nearly double the breadth of heam. Sometimes the boilers are placed upon these guards.

The following dimensions of tho ¢ Mary Powell” are given by Theron Skeel: Length over all, 204/; on water-
line, 286/; beam over all, 64/; on water-line, 34 87, The mean draft is ¢/; depth of hold, 9’; height from main
deck to promenade deck, 10’3 promenade deck to upper deek, 8. The displacement js 28,000 cubic feet; midship
section, 200 square feet; projected area of head-wind surface, 2,000 square feet.  The erew of the #Mary Powell”
comprises fifteen men, captain, clerk, baggage-master, two pilots, two engineers, four firemen, and four deck-hands.
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The usual arrangement of sound and river boats is with engines and boilers upon the main deck, where most
of the state-rooms are located. The hold accommodates the freight, and contains the quarters of deck-hands and
others, the kitchen, and often a dining hall or ladies’ saloou. The main deck is taken up by saloons and state-
rooms, and the promenade deck by parlors, promenades, and state-rooms. The pilot-house is upon the top or hurri-
cane deck, which is little utilized. "A new plan of building river steamers is to put the machinery in the hold.

This gives more room upon the main and promenade decks, and by imparting greater steadiness to the boat permits_

the use of the hurricane deck as a promenade. The new sound steamer “Pilgrim” has her machinery in the
hold. The “Pilgrim” is 400’ long over all, 50/ beam, 88% over gunards, 173/ depth of hold, 11/ draft, having
three decks and accommodations for three hundred passengers, The strength of the hull is much greater than
usual, There is practically a double hull braced upon the longitudinal bracket plate system. The space between
the so-called hulls is 247 at the sides and 86" at the keel. It is divided into a great number of water-tight
compartments by the longitudinals and floor brackets, added to which there are six athwartship water-tight bulk-

heads of &, &/, and (4" plate. The machinery, boilers, smoke-pipes, kitchen, and wheels are inclosed in iron as
a precaution against fire. :

FERRY-BOATS,

In the ferry-boat the space in the hold is of little value, single deck room being the all-important consideration.
This hag, in some cases, led to the employment of inclined engines, which occupy the hold and leave more deck
room; but the beam-engine ferry-boat still remains the more usual type. These differ considerably in their principal

proportions, as may be seen by comparing the Jersey City ferry-boat ¢ Erie,” 981 tous, with the Hoboken ferry-boat
& Lackawanna,” 891.89 tous,

Namo, l Length, ‘ Breadth. Dupth.

o Feet, Fect, Feet.
] 0 1 S, 186, 5 40.0 14,1
LackawanNi . covere cucanannn- 195, 8 85.8 12.8

The Brooklyn ferry-boats and those plying between Boston and East Boston have inclined engines. 'I‘lle
“ Montana,” 734.25 tons (Brooklyn), and the ¢ Revere,” 550.94 tons (Hast Boston), have the following dimeunsions :

Nameo, l Length. | Breadth. Depth. l
Feet. Jeat, Fect,
ROVOYS cevveeiviinernsrennonn 150 334 12.2
MONLANG . . cenvreinnmarannssas 172 35,8 12,5

In all these cases, while the vatios of length to breadth vary considerably, there is great uniformity in the
ratios of breadth to depth, these ranging from 2.74 to 2.86,

The * Lackawanna® is a new boat. Itis 62/ wide over the gnards, 'md has wheels 19/ in diameter and 8%’
across the face. The beam-engine has a bore of 44// and a 10 stroke, The drop-return flue-boiler, elsewhere de-
seribed, is the type prineipally used on ferry-boats. That upon the * Lackawanna” is 24/ long and 11/ feet in
diameter, and has two furnaces. The draft of the boat is about 74, This boat is of iron and is considered the

strongest ferry-boat afloat. It has two water-tight bulk-heads and is specially strengthened at the ends to resisb
the shock of ice.

TRANSFER BOAT.

The *Ixcelsior,” 774.43 tons, of the Potomac Steamboat Company, is a railroad transfer-boat, with passenger
_accommodations'. There is on the main deck a single track capable of accommodating a train of four cars. There
are two inclined engines 40’/ by 10/ cylinders with a jet-condenser, and the main deck is left clear for cars, all the
machinery being in the hold. The ¢“Excelsior” is 232/ long, 37" broad, 10.5' deep. There is a large passenger.
saloon on the promenade deck, and there are a number of state-rooms on the guards. The water-wheels are
“ composife,” with two lengths of arms, and are of oak and iron. The wheels are 28/ in diameter and 8’ face.
In place of the usnal hog frames, the ¢ Exgelsior” has a double row of Howe truss framing., Besides a 44/
(diameter) by 7/ donkey boiler, there are two throngh-arch and return-tubular boilers each 10{-' in dlameter and

29’ long, and with 75 square feet of grate- and 2,200 square feeb of he&tmﬂ‘ surface.
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SOUND STEAMERS.

The following examples are cited of largo side-wheel steamers plying upon Long Island sound:

Name. Year, Tonnnge. | Longth, Broadth, Dapth,
Teet, | Feet Feet,

City of Boston..ecaeevivnaans 1861 1,691, 00 3010 40,0 12,8
01d Colony..cevevvrnen.. 1865 1,957, 65 810,0 43,0 140
Butatol coevniiniiina PPN . 1867 2,062, 20 8620 48.0 16,86
ity of Lawreneo..oeviaveun. 1867 1,678, 06 243, 0 42,5 1L0
State of Now York..... 1800 1,417, 03 280. 0 36,0 0.6
G, II, Northam..... cann * 18m 1,430, 80 3120 44,0 10,0
Rhodo Islnud, e veeanncanaad| 1873 2,743, 48 325.0 45. 0 5.4
Magsnchitsotts - o cvviveananaas 1877 2,006, 83 “828. 8 42,5 15,9

Tor these, exoept the «Oity of Lawrence,” the average of length to breadth is 7.55, and to depth 23,66.

RIVER STEAMERS.

Of Huodson river passenger-steamers, the following examples are cited:

Namo. Year, Lonnago. Lenglh, Breadth. Daopth.

Feet, Feat, Fet
Mot@morn vovvevasasunaernans 1810 304,37 1080 25,0 8.0
AVmenit..escuveinniiaacnaneen 1847 528,20 2100 a0, 0 0.0

Eagle...... 1852 429, 6 186, 0 26,0 7.6 ”
Dianitl Drow.oeeaesivenasans 1860 030, 35 200.9 30,0 10,0
Mory Powelle veeerensianeness 1861 983, 67 288, 7 84,4 9,0
Thomas Cornell 1803 1,100, 85 280. 6 88,8 10,0
Chauscoy Vibbard ceevseonn, 1804 1, 006,98 281.0 85,0 0.6
ADBINY vevneronavanananasass]onnnnnsaeans| 1, 840,53 284, 0 40,0 10,1

Of these steamers, the average r: Li;io of length to breadth is 7.51; length to depth, 26.65. The examples of
side-wheel steamers in the coasting trade, previonsly cited, give average ratios of length to breadth ¢.21 and length
to depth 11,28 for the steamers built before 1866, aud the ratios 6.33 and 13.40, respectively, for those built since
1865, The river steamers average about five-sixths as broad and half as deep as the ocean steamers for the same
length, The Hudson river is so deep aund eagily navigable thatb it is sometimes spoken ol as being more like an
arm of the sea than a river, and the steamers plying upon it, although smaller than those of the principal lines
through Long Island sound, are relatively (not actually) deeper. :

The following ex unplc. are cited of large towing-boats upon tho Iludson River. These are side-wheel boats,
and some of them, as will be seen, nearly half a century old, the oldest steamers in service in the United States:

Naume, Year, | Tonunge, { Length, | Treadth. Dopth,
Feet, Feet, Teet.

Bellteecanirnernvnnvsnnnnreaes 1836 40, 87 220,0 27,0 0.0
Norwich..c.... .. 1836 230, OB 160.0 25,0 &4
NiOEUrd cevesevan 1848 ) 1A B! 261, 0 30,0 9.0
. Vandorbllt. ... 1817 182, 81 900.0 36,0 9.0
Connoetiont .oovivniunnnne ' 1848 72370 8040 46,0 8.0
Amerion ceeees s avenias (PP 1853 407, 1) 215, 0 30,0 0.0
Austine...ooianan, 1854 480, 50 7.0 31,8 8.3
Geo. A, Hoyb.ceernmsancnrnes 1872 208,41 165, 2 30,6 0.4

Of these bouts,'the average ratio of length to breadth is 7.36; length to depth, 25,50, The “Counecticut” is

relatively broadoer and shallower than the ¢ Belle,” and the “(:uo. A, Hoyt?” is relatively broader and deeper than
the *Oonnectiout,”
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Of the proportions of river steamers, the following examples are cited from other sections:

Locality. How omployed. Name. Year. Toanage. | TLength. ‘ Breadth, Depth,

) . Feet, Teet. Feet,
Delaware river ....{ Towing......... Camden 1844 151. 25 126. 0 19,2 88
censdlO verneinnns TBristolieeeeecrcenean . 1871 162, 656 115.3 22.8 8.3
eeeelo aovvacoa.t Col, Thomas A, Scott...... 1875 164,53 130, 1 21,0 8.0
EEIFCT:TC] 714 ) Nollio Whito.eeaeenvnuannn, 1866 444,30 172.0 38,0 8.0
Y { [ S Thomnas Clydo.cevesecinannns 1878 625,73 212.0 31,0 7.0
PN 1\ Ropublic vovernsnmnmsviannen 1878 | 1,285.02 272, 4 3.0 10.8
.- Clio™ o eeiieas i 1878 117.19 94,0 22,0 60
. Marvy Washingfon.....e.... 1850 207,70 136,0 28,0 5.8
. Mattono ccevevnenn.. eenan 1859 278,60 143, 50 22.0 6.8
. Myatic. . oooviimaniiimenenns 1860 104, 56 116, 65 21,8 6.6
. o WL T,L Coreorae. e e iienny 1878 441,31 147,38 218 7.9
.- W Ardel et 1868 493,82 180,90 20.0 18.8
. N. P. Banks 1863 333,09 150.6 20.6 8.8
- Accomack cooviiinenesiannn 1877 434, 57 136.8 25.5 8.3

Altamaha and Sa.

wonnah rivoers. ... ... do ceeiiaon.. Carrie. coeare caeianvannas . 1867 212,90 183.9 271 6,5
PO [\ IO veee| Katio ... 1867 100,03 130.0 25,2 5.2
venollO vanenae ] Clyde .., 1870 211, 89 102, 4 20.2 4.2
RN s SN Centenninl. mearmeereee. 1875 150, 87 120.6 31.3 6.2

* A scrow propallor,

Of the smaller boats, propellers and small tugs, the 1)1701)0rtions are relatively deep and wide, the ratio of )
length to breadth generally ranging between 3% and 5, and of length to depth between 10 and 20. "g

.

FREIGHT-BOATS,

Of New York freight-boats, the following examples of proportionment are cited :

Nameo. Yoar, Tonnage. | Length, | Breadth, Depth,
Feet, Feet, Feet, ' :
1845 1,880,41 37,6 80.7 10.4 |
1849 144, 96 85,0 20,0 7.0
1831 781,91 180. 0 32,0 1L0
1853 04,15 .0, 17,6 7.0
1876 2, 255,38 281, 0 88,1 27.2
1876 200, 80 100, 6 206 8.4
1878 09,83 01,6 24,0 6.0
18065 320, 85 137.0 23,2 7.5

i *Ocenn froight steamship. ' ' i
All of these, except tho ** Colden," are serow propellers.

The Reading colliers of Philadelphia have the following proportions:

Nameo. Yenr, Tonuage, | Length. | Dreadth. | Depth,
Feet, © Feet. Teel,

Rattlesnake cuveeneernenennn, 1863 417, 44 o 170,0 20.6 12,4
Cenbipedo couennnnriaaaaon. 1860 4306, 88 160, 0 20,6 L5
Achilles vrvevnvneiaiinnna, 1870 763, 51 100,06 37.0 13,2
Hoeveules . vae 1870 704, 83 200. 4 37,0 18,5
Panther ...... cemeenn 1870 609,10 190.5 36,0 13,8
Peorkiomen.... 1874 1,085.35 219.0 86.8 17.2
Borka....... immeam e, 1874 653, 00 189.0 20,0 14,4

Reading ceeveeincinnnennnnnn, 1874 1,283, 00 2R 4 37.1 18,3
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As five others of this last type were built in 1874, it may be considered as the conclusive result of experience
in ocean freight steamers for the coal trade. The ratios of length to breadth have been gradually mcrewsed in the
above series without much change in the relative depth, The ratios are as follows:

Name, Year. | RS | et
Feet. Feet,
Rattlosnako ceeveveve. camenae 1808 G, 4 13,71
Coentipedo covevanvasis 1860 5,71 4,70
Aphilles coaeieaiasnn. 1870 5.81 14, 8%
Iloreules. .o .. [T 1870 5,43 14,84
Panther .o, venaneanes waviean 1870 G, 20 14. 82
Torkiomen.coicaeriinnernanes 1874 5,00 12,73
BorKSB. oot incnansancausansesas 1874 0,08 18,12
Reading, and othera ......... 1874 6,00 13, 67

STEAM PILOT-BOATS,

The first steam pilot-boat, the “Jennie Wilson,” 77.58 tons, was built in 1878, at Camden, New Jersey, for the
New Orleans service. It is 78,5/ long, 18 broad, 8.9 deep. It has one 157 and 26" by 20% (stroke) compound
engine and a cylindrical tubular bmler 8 and 8 10" in diameter and 12/ long, allowed 85 pounds pressure. The
second steam pilot-boat was nnpr()w%d from the Philadelphia sea-going tug “Hercules” for the New York and
Sandy Hook Pilot Association. The third steam pilot-boat was built by the IHarlan & Hollingsworth Company for
the Board of Maryland Pilots, The dimensions of this boat are 118 between main posts, 122,06/ long over all, 23/
beam, 12,9/ depth, It has a quarter-deck 3/ 3" above the main deck for about 68, commencing about 20/ from the
stern,  Upon this deck are the pilot-house and captain’s room, and here are carried two boarding-yawls, each 17/
long. Uunder the quarter-deck is a main eabin, with sleeping berths, engineer’s room, kitchen, and store-rooms, and
the forecastle containg ehain-lockers, bunk-room, and store-rooms. There ave three anchors, 800, 500, and 175 pounds
in weight; 60 fathoms of 1}” and GO fathoms 01 & calle, and o pump-brake windlass, There aro two 1,000-gallon

- water-tauks, and the boat i8 heated throughout by steam. The power is furnished by one inverted (hre(,b -acting

compound engine, 22/ and 36" by 26/ (stroke), with tnbular surface-condenser, and air, feed, bilge, and circulating
pumps. There is a separate roversing engine for shifting the main valvelinks. There is one cylindrical return-
tubular boiler, carrying 70 pounds of steam, and an independent steam-pump for boiler-feeding, washing decks, and
fire and other service. The boat is of iron, and there are two close iron bulkheads, one forward of the boilers. -Coal-
bunkers on each side of the boeiler, from the boiler bulkhead to the fire-room, accommodate 40 tous of coal, and there
ig additional storage-room for 40 tous more. It is said that steam-boats of this character will soon supersede the

sailing pilot-boats at our principal ports, These facts in regard to steam pilot-boats are derived mainly from the
columns of the Nautical Grazette.

CANAL-BOATS.

The following are exnmples of New York canal-Doats, giving somo iden of the size of the Erie canal:

Numeo, Y, Tonnage. Lum.,lh. Breadth, I)upll\.
Teet, Feed. Teet,
W Well 8, casimnaniienenes 1860 130, 81 ©06.0 17.6 0.8
Clty of Dotrofb. s vvaniiaeanen. 1875 192,80 97.0 17.8 9,0
Clty of Rochestor...ooo.nee 18T 180, 23 96,3 1.5 0,4
AL Smith veein o nn 1866 1.8, 40 05,3 17.8 80
Clity af Troy...evieniinnnn. 15974 104,10 a5, 5 17.48 0.
. i i

The following are examples of canal-honts of the Philadelphia distriet:

1 Nuamao, | Vear. l Tonnage, | Length, ! Brendth, Dopth,
| R — L. SO PSSR
’ Feet, Koot Feet.
Annin . ooiiiiiie s sannna e 18611 288, 603 130, 6 w8 84
ANthraeito coveueienegen eenns| 1862 920, 32 1.7 M8 6.8
Ann Eliza ..., 1855 233, 82 LT 22,4 e
Black Diamond . 1802 201,25 1o 22,0 7.1
NOVOILY oo cvneieenrnanns 1850 204, 88 .5 24.5 81
VERPOY —veivianrnnnaoasians 1871 331, 25 146, 6 2.1 8.1
TrIPlet cveecniumrnairnsiannnn 187 338, 79 152, 8 23,0 80
Sarah Tlening. ceenseeeuiinns 1873 70,07 05,5 23,0 5.6
tiehmond ...oeaiivennvanes . 1802 | 4410 73,0 15.0 ) 62




63 MARINE ENGINES AND STEAM VESSELS.

These proportions call for little remark., Breadth and depth are limited by the size of the canal, and length is
limited by the size of locks. Al of these boats are propellers.

YAOQHTS.

Of the arrangement of machinery upon small yachts and tug-boats there is not very much to be said. The
boilers, of whatever type, are usually placed forward of the engines, which occupy little space. The advantages of
condensation are often obtained by a simple arrangement which iy illustrated in Fig. 17, page 45, The sketch shows
the after part of a boat. A pipe passes from the exhaust of the engine through the side planking of the boat, where
it is elbowed in a shoe or sabot and continues back around the stern post and forward upon the other side of the-
boat which it enters through the elbow of another sabot and connects with the air-pump. The tabe is sometimes
tapered down continunously from the engine to the air-pump, but good results are obtained by diminishing the
diameter of the tubc at the stern elbows, Thus from a 3/ exhaust-pipe leads a 3/ condenser-tube of hard drawn
brass. At the stern a reducing elbow changes the tube to a 2/ diameter.

On the large yachts ¢ Corsair ¥ and ¢ Stranger” there are two eylindrical boilers set fore and aft—that is, with
length parallel with the length of the vessel. The fire-room is between the boilers, and coal bunkers, with & capacity
of 40 tons, are located forward at the baclk. of the boilers. The coal consumption of these yachtsis about 10
tons a day. :

In yachts, tugs, and the smaller steamers of whatever kind, the boilers, if horizontal, are set fore and aft.
They are 8o set in some large ocean steamers, and necessarily so in the river steamers and ferry-boats with long
flue-boilers, Short return-tubular boilers of large diameter (sucl as smployed on many ocean steamers) and short
rectangular boilers are set athwartship, and the fire-room is in the middle of the ship between the boilers.

SPEED OF STEAMERS AND GOVERNMENT OF ENGINES.

The very interesting subject of the speed of steamersis one which cannot be treated with exactitude for the
following reasons: :

Tests of speed are not made with a seientific observance of the conditions. On long runs distances are often
roughly approximated, and the help or hinderance of winds and currents is not accurately considered. Ships under
sail have been driven long distances at the rate of over 17 miles an hour, and with the power of steam added to
that of a favoring wind much higher speed can be made than without the wind, As there ave no claims of speed
over 25 or 26 miles an hour under any circumstances, it is reasonable to suppose that the highest simple steaming
speed is several miles an Lour less for any considerable distance.

It has been noted as a curious fact in one of ourengineering jonrnals (Mechanics) that speeds made over the
measured mile can seldom Dbe made at that rate for a full hour. The conclusion has usnally been jumped at that
what was true for one minute would hold equally true for sixty, but this does not seem justifiable. Boats which
can steam tor three ot four minutes at the rate of' 15 miles an hour are found to have made no more than 11 miles
at the conelusion of a full hour, and boats which can steam for a few minutes at 20 miles an hour fail to make morve
than 15 miles in a full hour. ’ ‘

Of swift steamers, the engine of a large paddle-wheel boat will make ouly about 60 or 70 revolutions in going
a mile, the engine of a large scrow-steamer will make 150 or 200, and of a small yacht 600 or 700, If the Doiler-
pressure and admission be maintained, while the speed made for L or 2 miles is not waintained, we have only to.look
to the inefficiency of the propelling-wheels for an explanation of the phenomenon. As a rule, marine-engines do
not carry governors., Silver’s, Fairbairn’s, and other forms of marine governors bave been applied to prevent the
racing of propeller-wheels when the water-pressure upon the wheel is variable, as it may De in stormy seas, but the
speed of the steamer i8 the ordinary governor of the engine. It is a matter which calls for practical experiment,
but it may be remarked that slight variations in the speed of engines appear to cause serious variations in the
efficiency of action of the propeiling-wheels, that the periodicity of such variations appears to extend over a consid-
erable number of revolutions, and that the steadiness of the engines appears to be maintained by variatious in
equilibrium between the effective and non-effective portions of the effort of the propelling-wheel.

Knots (sometimes called nantical miles) and miles are often confused in reports of speed. The knot is 1.1508
miles, or a little over a mile and a seventh long. In the following notes of speeds reported some may have to bo
taken with allowances. - Not all are given as examples of high speed, but’ some of ordinary speeds with steamers
of the classes specitied. ‘

The well known report of Mr, Theron Skeel upon the performance of the ¢ Mary Powell” gives the following
data: Wheels, 31’ total diameter; buckets, 10/ 6 long by 1’ 6 wide, 26 to a wheel; immersion of buckets
(maximum) at mean draft, 3’ 6/; revolutions, 12,000 to 13,000 in 90 miles at a speed of 19 o 20 miles an hour, with
a slip from 11.9 to 145 per cent. Revolutions per minute, 21 or 22. Initial pressure, 40 pounds ; cub-off, 0.47;
vacuum of coundenser, 25 ; pressure at end of stroke, 16.4 pounds; mean back pressuve, 5.6 pounds; indicated
horse-power, 1,540, The ¢ Mary Powell” has run from Poughlteepsie to Vesey street, New York, in 3 hours and
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33 minutes, exclusive of 6 landings, and is stated to have run from Milton to Ponghkeepsie in @ minutes. Thoe
steamer ¢ Albany” has made a straight run from Poughkeepsie to the Twenty-fourth street landing, New York, in
3 hours and 13 minutes, and from Cozzen’s Landing to West Point in 23 minutes, Trom Poughkecpsie to Twenty
fourth street is 74§ miles. The ¢ Albany?” in her fast run carried 47 pounds steam and the engine made 26% revolu-
tions per minute. The #Caroling,” a steamer of Chesapeake bay, makes a regular run of 60 miles in 3 hoars 49
minutes. The “Sun,” one of the early Hudson river steamers ran from New York to Albany in 12 hours. The
“North American,” built in 1827 for Iludson river service, made 17 miles an hour, The sound steamer “Rhode
Tsland” makes 18 or 19 miles an hour, and averages 16 miles an hour over & 160-mile route. Hor wheels are 374
in diameter and 12/ broad, and at her bcst speed she malkes only abouat 17 revolutions. The speed of the ¢ Albany,”
abont 24 miles an hour, 18 stated never to Lave beon exceeded for a long run except by the “Idaho,” in arun to
Japan. The Inglish “Yarrow ” yachts and torpedo boats have made 23 or 24 miles an hour, The ¢ Ho-nam,” a
large Chinese river boat with compound beam-engine, of Inglish baild, Went over the measured mile at a rate of
about 16 miles an hour. :

Turning now to ocean steamers, we find that the “Ohio,” of the American line, makes an average speed of 14§
miles an hour, at which rate the slip is 6.8 per cent. This steamship has rnn nearly 400 miles at about 153 miles
an hour,” In 1836 the United States steamer ¢ Wampanoag? made 407 knots in 24 hours with the wind forward and
no sail.  This is equal to 19.51 miles an hour, and has seaveely been exceeded; never, under the same conditions.
The English steamer “ Stirling Castle” is stated to have made the measured mile at a rate of 21.3 miles an hour,
but its speed for long runs would probably be several miles an hour less.  The first Cunarder, ¢Brittania,” crossed
the ocean in 1840 at a rate of 8.5 miles an hour, DBy 1852 the rate was only 9.11 miles an hour. It has since been
doubled for swift runs of the best transatlantic steamers. ~ One of the best runs of the “Alaska,” of the Guion line,
was 419 miles in 24 hours (Benjamin).  The “Oity of Rome” went over the measured mile ab a rate of 13,01 miles an
hour, Tha speed of the “Assyrian Monarch?” is 14,57 miles an hour.

The performances of the large American coasting steamers show somo of the highest speeds yot attained in
long-route ocean service, The ¢ Uity of Washington? ran from Havana to New York in 75 hours 21 minutes, the
fastest time from Ilavana, and stated to be the “ fastest time Ly an ocean steamship for 75 consecutive honrs.” The
speed was 19.27 miles an hour, July 4, 1875, the steamor “IIndson? left New Orleans and made the quickest time
on record to Now York, wz, 5 days 9 hours. July, 1880, the record was lowered by the steamer ¢ Louisiana,” ag
follows: ‘ ‘

July 7,830 a. m. Sailed from Now Orleans,
7, 3.20 p. m. Crossod tho har.
8, noon, 331 miles {rom New Orleans,
8, 11.156 p,m, O Tortugas,
9, noon, 330 miles additional,
10, noon, 413 miles additiondl,
11, noon, 304 milea ndditional,
12, 4 o, m, 228 miles, Sandy ITook aboam,
12, 6,10 0. m. 20 milos, Now York,

Allowing 1 hour 4 minutes for difference in time, this is 15 knots an hour, the distance being 1,736 miles; time,
4 days, 19 hours, 36 minutes, The “Louisiana” has since lowered this record by several Lours, and has made long -
runs at the rate of 171 knots, or over 104 miles, an hiour, The # City of Pckin” has made 15,8 knots or 18.18 miles
an hour. The “Decatur II, Miller” runs from Boston to Norfolk in 40 hours 52 minutes, a rate of aboub 17 miles
an lour,  The coal consumption of these steamers is ab least fairly economical,
© TUpon smooth water and with adequate boiler and engine power, small steamers can be made to make as fast
time as large ones, A number of torpedo boats and small steam yachts have made over 20 miles an Irour, but these
are usually the records of short ruus, and their maintenanco of the speed oven for a single hour is nof always
beyond question. At sea, small boats cannot compete with large sleamers in speed. The smallest steamers that
have crossed the Atlantie, such as the “Game Cock” and the “Anthracite”, have made only 7 or 8 miles an hour.
The little tug “Mea” ran from Philadelphia to Galveston in 180 hours (7§ days) ab the rate of nearly 12 miles an
Liour, and with an economical consumption of fuel, ‘

Itis fairly presumable that with steadily-governed marine engines more steady speed could be made, and
high speed could be better maintained. Marine governors of the Westinghouse type are employed by Messrs,
William Cramp & Sons, not to act upon the throttle-valve, but by the throw of alever to admit steam behind a
piston, and canse the hnk to shift its position. This attachment is made to the steam-cylinder of the reversing-
gear, by which an engine may be completely reversed in five seconds. Governors are sometimes connected with
the stop-valve, but this connection does not serve well with compound-engines, because there remains steam
enough in the receiver betwean the engines, fogether with the vacunm in the condenser, to prevent the throttling
from Dbeing immediately felt. To provent racing, the steamer #City of Atlanta”, of the Charleston line, has a
Fairbairn governor, The operation of this is very simple. A leaden ball weighing over 1,000 pounds is hung in
‘a joint of the main shaft forward of the engine, and is free to swing in any direction. When the steamer rolls
there is no trouble from racing, because the propeller is nob thrown out of the water; but when the steamer

vor 22388
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pitehes fore and aft there is liability to trouble from racing, because the propeller is thrown up., The weight
swings sidewise without affecting an ything, but as soon as the boat pitches, it begins to swing fore and aft, and by
a train of mechanism partly closes a regulator-valve between tho stop-valve and the eylinder, thus closing up the
engine until the propeller and the boat piteh back to their normal positions, when the weight falls back also and
releases the valve. The “City of Atlanta” has a 4/ diameter by & stroke simple condensing-ongine,

UARRYING CAPACITY OF STEAMERS.

PAsseNGERS: Upon ocean steamers the number of passengers of all grades per ton of vessel does not exceed -

40. The *City of Pekin?, per 100 tons register, has accommodations for 36 steerage and 3 cabin passengers. Largo
ocean steamers used as troop ships accommodate less than 40 soldiers per hundred tons of vessel, IPor long voyages
the necessary carriage of coal and supplies is great, A large ocean steamer often employs one-third or more of its
freight capacity in carrying coal for power. ‘

" Inland steamers and excursion boats, which make short runs and carry but a small weight of supplies, have a
maximum carrying capacity of 2 persons per ton, The ratios of maximuwin numbers of passengers allowed per ton
of vessel ave as follows for the specified steamers plying in and about New York :

Plymouth Roek........... 1.6¢ Twilight' voouniiueanons 1.83 Bay Ridge.coeenvean.n.. 1.66 Jesse Hoyb . ooovvnnennanes 115
Graud Republic ..o....... 2.16 T. V. Arrowsmith....... 1,80 Adolphi cicrine vanas. 1.566 Harlem ...ocivcvnn tamsawe 1,92
Tiger Lily ..o coeeeen oo 2.70 | SylvanDell............ 1.70 | St JohnS.creueennnn.n.. 1,05 Clhirystenall ..ooeuevene vnes 1.05
Thos. Collyer........c.n.. 2.33 Rosedals coeevenevnnnnen 1,92 Shadyside. .., .c.cuuooo 1,35 Chaucellor vvecvwunee-ana L 36
Seth Low wewnvieneennoian 2.0 Pleasant Valley .. ...... 1,99 Sylvan Grove........... 141 W, Fleteher aeeue.unn . 0,96
Norwall vovnvvnveconevaes 210 Minnie Cornell ......... 1,59 | Riverdale ..i..oceau.... 1,39 Sylvan Glen...e.eevnaan. 0.76
Long Branch ...ccacannns 2,29 I, B. Schuyler...... .... 2.01 Richard Stockton....... 1,43 Son Bird ceveis vanaieann. 0,43
John 8ylvester ........... 2,52 Tdlewild «oveciiicnan.n. 1,98 1 O8860 covmenomininanaans 1.22 Mary Powoll «ocee cevn anua 0,51
Eliza HaneoX ..o vaee nvas 2,14 Gen. Sedgwick ......... 171 Morrisania ... .one ceeae 1,43 JO I Starin .eeeniene cnns 0,57
D. R, Martin ....... oana 2,30 Fort Loe ..oveiieanan., 1,63 Josepline ..... Cemmaenes 117 Black Bird ..ovvienn e vens 0G0
Americus......oovvnioel. 2,02

In some cases there is a passenger to as little as 3} square feet of single deck area with the maximum number
on board, but as there are usually several decks, the space per passenger would be somewhat greater,

COAL.

The collier % Pottsville” carries 1.29 tons coal per registered ton of vessel. The ¢ Berks” carries 1,08 tons
per ton of vessel. The fleet of Reading colliers has carried 3,200,283 tons coal since 1869 (to end of 1879), running
- 3,017,853 miles—that is they have averaged nearly &

ABQUT 80 ACRES. o mils run to every ton carried. A diagram (Fig. 26)
FOUR FOQT COAL SEAM, | exhibits more foreibly than words or figures the work
&/ YEARS, ‘ of one of these colliers. Coal weighs per cubie foob

about 50 pounds heaped, 75 or 80 pounds selid, Tho
large square of the diagram represents approximately
the area of 4 foot deep solid coal seam necessary to
Agour I AcreS ‘ “be mined to supply this collier with cargo for 54

ONE YEAR years’service. A smaller square exhibits the amount
| of coal carried in a year and a still smaller one the
amount carried per voyage. The plan of the collier

P is also sketched to the same seale,
VorAGE '

GENERAL FREIGHT.

The large coasting-steztmers carry 2 or 3 bales of
et L ' ssiama ? earri
THE 0 . cotton per ton of vessel, The ¢ Louisiana” carries
" COLLIER . o
3.17 bales per ton, her cargo being 9,000 bales. Two
hundred gallons of molasses in hogsheads are carried
per ton of steamer in some cases, and upwards of 7
barrels of rice, oranges, and other products, and up-
wards of 18 or 20 bags of coffee. Molasses has been
carried in the bulk, in which way the capacity may be
increased. The necessity for carrying so much coal

P16, 96 always takes a great slice out of the cargo space,

‘ 16 <6 The whaler “ Mary and Helen” had storage space

for 6% barrels of oil per ton of vessel, in addition to which she carried nearly half a ton of coal per ton of vessel,

without which her oil-carrying capacity would be fairly doubled. The great ferry-boat ¢ Solano” carries abou
_ half its registered tonnage in weight of freight-cars. :
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STEAMERS OF THE PACIFIC COAST DISTRICT.

GEOGRAPHICAL DISTRIBUTION.—The employment or service of steamers may in some cases Dbe definitely
stated within geographical limits, but in many cases, especially in the river and coasting trade, there is no practi-
cable method of classification which can indicate exactly the ranges and routes of service, simply because there is
no uniformity of route. Nevertheless, as a basis for further considerations of the subject, and as a general index
of the distribution of the steam tonnage, tables have been formulated assigning the steamers to various bays,
rivers, and ocean routes, as far as their serviee could be defined from the obtainable data, Of this classification of
the steamers of the Pacific coast, it may be said that the small craft specified as in the coasting trade are boats
similar to ‘those employed in bay and sometimes in river service, often with non-condensing engines, and making
short runs along the coast. The larger vessels enumerated under the caption ¢ Pacific Ocean and Coasting” com-
prise the ocean steamships plying from San Francisco to China, Panama, British Columbia, Oregon, and Southern
Culifornin, Many of the steamers specified as plying upon the Sacramento and San Joaquin rivers ply also upon
San Franecisco and San Pablo bays,

BTEAMBRA OF 1,000 TONS AND OVER, HTRAMERS OR 60D TO 1,050 TONS. BTREAMERS OF 100 TO 500 TONS,

No, of ‘ No. of . || No, of No. of . No, of No. of | ¢

Hl&{g.“ -| Tounnge. . fiz"és. g\‘{)lti\?:;]t(;} st(gx‘mn- Taunago, ) g g&}gﬂ&g}‘ gtg;n;:. Tonnage. gﬁ:]e's. (E;Lyplzi\g{lt(;:
Pacific oconn and coasting.......eeen wer 17| 39,062 24 100 3,644 34 7 6, 230, 00 .10 230,17 Y 4,284,533 26 184,54
San ¥ranciseo and San Pablo bays . 8] 13,087.85 10 1, 783. 36 (] 4, 800. 06 7 62, 83 16 3,301.82 25 268,07
Homboldt DAY cessevnsen PR B S P vevienemsaes| drenrsnvannas . 1 104. 07 2 445
Puget sound and adjacent waters. (oo N FETSTRIN N 15 3, 061,62 23 401,17
Sncramonto and San Joaguin 1ivoera. .o va. Ceveensanmes 28 7,007, 44 G3 425,71
Columbin and Willamotto rivers........ 2 &, 308, 84 27 7,700, 36 64 262,33
Coquille viver...cvw.ue Nevaieen [T O PPN PP PP | PPN RO DNUSUIN PRI | FROUTUOIN FP S P,
Tmpaus 1Ver.covceieeas T Y 1 101,02 2 2,065
Colorndo TIVOr.evmsernvoesrnemsuenrvrnnelinnernns 417 820,46 | 8 66.33
L ) U T U U P [ ceeranaes POV PITIFN P vemetfreeneaainaen

BrEAMERS OF 50 TO 100 TONS, BrEAMERS OF 25 TO G0 TONE, BITAMERS OF LSS THAN 26 TONS,

No, of ' No. of [ v, . || No. of No, of . No. of | . No, of | ~

ut &l};:). Tonnage, . i“nne‘s. éﬂ)l[{g;};(;}. atg{};}\- Tonuago. . g gn‘l} :llé(iltg}: ut&lg})- Tonuage. . i(;‘xlc.ﬂ. &g&gﬁg}
Tacifio oconn and consting......... 0 409, 87 8 25,03 3 180, 01 4 3.400 8 60,15 4 0.74
San Franeisco and Sun Pablo boys,..... 4 308, 51 B 31.28 9 800,05 il 25,16 G 38,07 8 1.08
Iamboldt DAY . veeierrinarvertssnsinanns 2 174, 03 4 10,33 4 167,70 7 852 |[venennns s P .
Paget sonnd and adjacent walors, .o.... 11 803, 20 184 - P 1 | I 187.19 i 2.62 7 91,20 8 165
Sacramento and San Joaquin rivers..... 15 1,101, 04 an 65,74 il 102,95 7 0,00 16 143. 64 16 0,40
Columbin and Willamette vivers........ 8 701,71 ] 20.48 11 418,73 17 7.40 L 108,44 14 1,05
Coquille river B T T NP 1 80, 65 2 205 leonrirerlonnae vensnie|vonrrane|rennsarnnaas 1 16,81 1 0,23
Tmpqua river...... [ N FUTSTRRP | FP selieraenes favafvonisenc]ivennes 2 16. 64 3 0,20
Colorado Hver covvivvsiieiene. PP PP P weaans O ] P Y I e

© X6 TaBO0. veensernenrannnrianianiiins 6.20 1 28,00 1 0.70 3 85,00 8 164

DExeines,—Of engines in steamers of over 1,000 tons, 12 are used in pairs, 21 singly; 15 are eompound, 12
simple condensing, and 6 simple non-condensing, The length of stroke is less than the diameter of eylinder in 2
engines, once to one and a half (inclusive) times as greatin 8 engines; once and a half to twice (inclusive) as great
in 6 engines; twice to thrice (inclusive) as great in 10 engines; and over three times as greab in 7 engines, the
smaller eylinder only being considered in compound engines. The two very short-stroke engines were built in the

- early part of the past decade. These are compound engines in ocean service. In compound engines the relative

diameters of large and small eylinders are chiefly shosn in the following sizes:

Large. smal | Sl e .
Inehes, Inohes.

Bi) 60 2,00

73 42 3,02

00 86 2.78

56 30 3,46

44 24 3,80

40 21 8.790

Tho strokes range from a length equal to the diameter of the larger to & length-less than the diameter of the
smaller cylinder. ‘ : ‘
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In only one beam condensing-engine does the stroke exceed three times the diameter, This engine 18 a new
one, & similar engine of the same stroke and nearly twice the diameter being built a dozen years ago, and carrying
half the pressure. Upon averaging a considerable number of beam condensing-engines npon boats of over 500 tons,
we find the ratio of length of stroke to diameter of cylinder to be, for boats built in the periods-—

Poriod. Tiatio.
IBO5AFTO - e eee e esan eeemaeenn 2,34
ISTO-18T5 1 vmnarieeeesveemnaiencenans| 241
I8TH-1880. - vvvemesieemen varnannns 2,55

The respective average pressures being 33,41 and .50 pounds.
the stated ratio is 2,03 and the pressure allowed only 20 pounds.
to the en gines not less than to the boilers,
any great inerease of pressure.

There is thus indicated the usnal tendency toward higher pressures and higher piston speed. The rotative
speed is limited by the resistance of large non-feathering paddle-wheels, a beam-engine with 12/ stroke and 480/
piston speed having about 20 revolations a minute, With this type of engine and wheels the progress of pressare
and rotative speed stops at about 50 pounds pressure and 4 small number of revolutions, while with direct-acting
marine-engines for ocean service screw-propulsion, and with the non-condensing engines and small wheels of light-
draft river hoats, both the speeds and pressures have continned to increase. Engines for screw-propellers use from
half as great again to double the pressures employed in beam-engines, with from three to seven times the rotative

speed, and while the river-boat engines driving paddle-wheels cannot have so great a rotative speed the pressures
allowed are much higher, the range being about as follows:

Tor a single boat built twenty-five years ago,
In such cases the limitation of pressure iy due
the machinery as designed for low pressures being too hnht to permib

Tounds.
With simple direct-acting non-condonsing engines v..u.oou.enesiaieorsaccne cormmssaroaccaanneaecsns cnna 90 to 150
With eompound direct-acting condensing engines «.ovovweoces cennaot. e faean e, ameemans 60 to 90
. ‘With sim)le condensing beam-engines. v oeeeavere ioanue cers sune monsarsnanensnnn Y aewe v anna e SRR 20 to GO

It will thus be seen, taking into consideration both pressure and speed, that the value of cylinder eapacity in
the production of power may for the same volume and ratio of expansion be over five times as great in the first as
in the last type of engines. As a matter of fact, where the ocean steamships have 11 tons of vessel per cubic foot
of eylinder the large hoats of the Columbia river have 17 and the large ferry-boats of San TFrancisco bay 8 tons
burden per cubie foot of eylinder. Tor the next class of steamers (from 500 to 1,000 tons) there is still greater diserep-
ancy in the ratios, the average number of tons burden per cubie foot of cyhnder being for the ocean and coasting
steamers about 22, for the ferry- and towing-boats of San Francisco and San Pablo bays about 64, and for the
boats of the Oolumbia, and Willamette rivers about 33, the larger ratios Leing partly due to the slow freight as
compared with the passenger service, while the towing-boats have relatively large engine powers.

Of the engines of steamers of between 500 and 1,000 tons, 46 are used in pairs, 9 singly ; 6 are compound, 9
simple condensing, and 40 simple non-condensing. The length of stroke is from once to twice (inclusive) the
diameter of the cylinder in 12 engines, twice to three times (inclusive) in 10 engines, three to four times (inclusive)
in 13 engmes, and over four times in 20 engines.

With the exception of two pairs of compound engines on ocean steamers, all of the paired engmes of this
class are npon the boats of the Columbia and the.Willamette rivers, and with but one exception all of tho long-
stroke engines (ratio stroke to diameter between 3 and b) are paired engines upon these river boats, In this class

all of the condensing-engines are upon boats 1'm:mmg in or from San Francigeo bay, except one pair of engines on.

a boat running between Portland and Sitka.

.The river boats comprise a series of examples with a great degree of similarity in relative -length, breadth,
and draft, and in character of service. Most of them were built in Oregon within the past five years, and in them
if anywhere wounld wo expect to find uniformity in the proportions of steam machinery. A small number of pat-
terns would probably serve to equip such a fleet of steamers in a manner which woald enable them to do their
worlk as well and as economically as with a separate design of cylinder for nearly every boat. As it is there are in
this elass only six pairs of engines having like dimensions of cylinder, three 17/ by 6 in boats from 165/ long, 37
broad, 53’ deep, 710.13 tons, to 154’ Jong, 36’ broad, 5.3 deep, 555.99 tons, and three 16 by 6 in boats from 157/
long, 36/ broad, &’ deep, 502.35 tons, to 1544/ long, 35.8' broad, 5’ deep, 586.93 tons; while the others present an
assortment of individual patterns. Six boats, with tonnages ranging between 600 and 700 tons, have an avernge
cylinder capacity of 14.4 cubic feet each, while seven smaller boats, with tonnages ranging between 500 and 600
tons, have an average cylinder capacity of 19.5 cubic feet each, all of the engines being of similar types and using
high pressures, the average boiler-pressure allowed being for the six boats 121 pounds, and the average for the
seven 118 pounds, per square inch.

Of the condensing-engines in this class thére are six beam-engines of five sizes (two having 507/ by 11/ eylin-
ders), three simple direct-acting engines, and four sizes of compound engines.

Of engines in steamers of from 100 to 500 tons, 160 are used in pairs and 28 singly, and one vessel in the
Willamette district is driven by a 4-cylinder engine. Nineteen out of 192 are compound engines, 25 are simple-

1
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condensing, and 143 simple non-condensing engines, The length.of stroke is less than or equal to the diameter of
cylinder in 9 engines, once to one and a half times (inclusive) the diameter in 17 engines, once and a half to twice
(inclusive) in 20 engines, twice to three times in 20 engines, three to four times in 86 engmes, four to five times in
38 engines, and over five times in 2 engines (& pair upon the ¢ Satellite”),

In the Willamette distriet there are in this class only 3 condensing-engines, 2 being compound, All of the
remaining compound engines are in tho San I'rancisco distriet, and of the remaining 24 simple condensing- -engines
17 are in the San Francisco and 7 in the Puget sound district. In the entire first or Pacifie district, on account of
a féw large ocean steamers, nearly two-thirds of the steam tonnage is driven by condensing-engines, but the river
boats are driven almost exclusively, and the bay and harbor boats very largely, by non-condensing engines.

Tho 4 boats on the Colorado river (San Francisco distriet) have the following dimensions and engines:

Engines,

Lopgth, | Broadth, Depth. Tonnage. -
No. | Dimonalons.

140, 8 8 36 236. 47 2 10v x §
147.6 28 8.8 231,87 .2 10" x &
150, 0 82 4.0 183, 03 2 164 x 6
127.0 26 40 178, 50 2 Wi x5

n

These are very light-draft boats for the tounage,

Of the simple engines in steamers of from 100 to 500 tons there are four 22 by 8 eylinders, four 20/ by ¢/, six
18" by 6/, eight 16/ by 6/, ten 16/ by 5/, eight 16/ by 4/, four 157 by b/, twelve 14/ Ly 5, fonr 144 by 44, twelve
14/ by 4/, sixteen 127 by 4/, eight 12 by &/, {four 10 by 4/, four 10" by 3/, eight 10" by 13/, and four 9 by 3/ cyl-
indors, 57 sizes of eylinder remaining, of which there is a single engine or a pair of cach.

Of engines in steamers of from 50 to 100 tons the following enumeration is made:

In pairs. Singly. Compound, |, ()l?(%:j‘ulli]l‘l)l £ ‘zl&’:,'(‘ll‘?“::{;ﬂ;
Ban Francisco disteiot .....] © oo 4.0 1.0 6.0 35,0
Willametto distrlet .. ... 16. 6 5.0 1.0 4.0 0.0
Pugob sotnd Astriot...vean 16. 0 4.0 0.0 4.0 16,0

Of the eylinder proportions, ratios length of stroke to diametor of cylinder:

Distriet. Tovless, | 1tolf | 14i02 | 2108 | 3tod | Overd

San Francisco ... fnvecrrraerva 4 8 3 i 2 P
Willamobto ....u. e e, 2 4 2 4 7 2
Puget sound..aessnesvvarianisoar]reeens [ I DO Tl 11 i
Total seurueen wrannen . 10 10 b 11 40 T

One boat in the Willametto district is driven by two engines of different sizes, and in the Paget sound district
there are several small engines of unusually long stroke. Among the non-condensing engines in the San Francisco
district there iy a noticoable number of vertical direct-acting ongines of short stroke, but the horizontal long stroke
dircet-acting engines, working in pairg, are the more usual type. ‘

Of engines in.gteamers of from 25 to 50 tong, 30 out of 53 are used in pairsy 49 out of 53 are simple non-
condensing, 1 being simple condensing and 8 compound, Ratio of stroke to diameter is 1 or'lesy in 15 engines, 1
to 14 in 17, 1 to 2 in 8, 2 to 8 in 6, 3 to 4 in 4, and over 4 in 3 engines, The long-stroke hovizontal or slightly-
inclined engines have in this class given place to the short-stroke vertical engines used in serew propulsion. With
ratios of stroke to diameter of under and over 2 we have, respectively:

Ratio.
Steamora. s !
TUndor 2, Ovor 2. .
60 to 100 tons 25 ongines ....[ 58 engines,
25 to 50 tons 40 ongiues .. ..| 13 ongines.

The steamers of from 50 to 100 tons are mainly freight and inland passenger-boats, and those from 25 to 50
tons aré mainly tng-boats, Despite this fact the ratio of cylinder capacity to tonnage continues to diminish, the
cylinder capacity being, per hundred tons, 5.61 cubic feet for vessels of 50 to 100, and 3.91 eubic feet for vesse]s of
23 to 5O tons.

The “Silva,” a boat of 50 tons, plying from Bureka to landings on Bumboldt bay, is driven by two 8 by 12/
oscillating engines,
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All steamers under 2b tons are driven by simple non-condensing engines. Of 58 engines, 22 are used in pairs,
36 singly. Theé “Jane West,” plying between Astoria and Portland and the Cascades, a boat of 13.44 tons, is driven
by one 8" by 24/ engine, Of all the steamers under 25 tons in the Pacific district, this is the only one having an
engine with cylinder:stroke greater than twice the diameter., The stroke is equal to or less than the diameter in
22 out of 59 engines. The most common cylinder proportions for small engines are 6/ by 6”, 8 by 8", 9" by 9,
and 10" by 107,

BOILERS.

Uf 98 Doilers in steamers of over 1,000 tons 8 ave oval and 90 eylindrical.  Of the 90 eylindrical 15 ave returned
as fire-box and eylindrical boilers, Tubular boilers have largely displaced flue-boilers. The boilers of the side-
wheel boats commonly range from 7/ to 10/ in diameter and 18 to 30’ long; and for the serew steamers with
compound engines the boilers range from 10 to 13/ in diameter and'average about 10/ long, The two largest river
Doats in the Pacifie district have eylindrical tubular Doilers 7/ in diameter and 32/ long, one boiler in each boat, but
the boats in ocean and ferry service usually have short return-tubnlar boilers in sets, There are 6 single boilers,
7 sets of 2, 1 set of 8, 6 sets of 4, 1 set of 5, 3 sets of 6, 1 set of 8, and 2 sets of 10 boilers. The smallest diameter
of boiler used is 3/ 6, one of the ferry- bonts—the ¢Thorou ghfarc”——bemg fitted with 5 such boilers, each 10/ long,
and allowed 100 pounds pressure, Of the'larger boilers those of sea-going vessels are commonly thicker than the
ferry-boat boilers and carry heavier pressures for the same diameter of shell. Bxeepting a set of 8 new steel
boilers upon the ferry-boat ¢ Solano,” all of the boilers in this class are of iron. Pressures allowed range from 120
pounds (river-boat boilers) to 256 pounds (in a large ferry-boat boiler), 50 pounds being allowed for the steel boilers
mentioned, which are 7/ in dameter and of 07.36 thickness of shell. The two large river steamers of the Columbia
river may be compared with some of the Mississippi steamers, for example:

‘ BOYLERS,
Stated N¥on-con-|
Namo. Locnlity, tonnawe, | Tength, | Broadth, | Dupth, dunismg- Cylinders.

e cngines. Diame.| o1 | Preasure

Kind, tor, Length. | Material. | \irowaed.,

Tect. | I'eel. X DPounds.

1| Wide West..oouvna, Portland, Ovegon,.| 1, 200, 80 218,92 30,5 8.2 2 | 287 hy. 8 | 1tubular....... 7 83§ Tvon.,..... 120
2 | ®. R. Thompson, ...| Dallas, Ohio ...... 1,158. 04 215 0 38,0 o8 2 287 by 8 LaeBlO cnenvan . 7 ..o, 120
8 | W, I, Halliday..... Snint Tonis, Mo...| 1, 875. 40 287/.4 40,8 8.6 2| w37 hy10 | B two-flue..oue.. 34 30 | Steel...... 175
4 | City of Helrhiwua.. Saint Louis, Mo ...} 1, 058, 28 206", ¢ 46/, 6 7.8 2126 by 8 | 5four-flue ... 8% 26} Teon,.,... 123

The shells of the boilers in the two former cases are one-half inch thick; in the two latter #% and I “’
respectively. The difference in boilers is a characteristic one, and shows how in the usage of different sectlom
similar counditions and requirements may be met by widely-different practice. The volume of boilers is 122,96
cubic feet for the two Mississippi and 136.74 cubic feet for the two Columbia river steamers, despite the greater
number of boilers upon the former, and the heating surface is relatively greater in the tubular boilers; But the
cylinder surface of the ten small flue- boilers is more than twice as greab as that of the two tubular boilers of larger
volume.

Of 43 hoilers in steamers of Letween 500 and 1,000 tons, the great majority are cylindrical tubular boilers, 9
being fire-box boilers. There are four oval boilers and there is one rectangular boiler, a type which is becoming
obsolete. This boiler is upon the steamer ¢ Wilmington”, built in 1865 at Wilmington, Delaware, and now plying
between San Francisco and Panama. The steamer is of 940.76 tons with a condensing beam-engine, cylinder 44
diameter, 6’ stroke (comparatively short), and the single boiler is 18 wide, 9’ 6/ high and 13/ 9 long, shell -5
thiek, pressure allowed 25 pounds. The boats of the Columbia and Wlllmnette rivers have almost 1ummbly Iong
tubular boilers ranging in diameter from 3/ 10" to 5’ 4/ and in length from 20/ to 3%/, a single Loiler to a boat, except
in the case of one ferry-boat which has three tubular boilers each 4/ 4 diameter by 16/ long. Tnthe San Ifrancisco
district most of the' ferry-boats have long tubular boilers, the diameters (ranging from 5’ 6” to 1/ 6/’) being
greater than in the river-boat boilers of the Willamette district. For ocean service the usual form of boiler is tho
return-tubular with a length about equal to its diameter. The range of pressure allowed per square ineh is {rom
100 to 150 pounds in river-boat boilers, 35 to 100 poundsin the ferry-boat Loilers, and 25 to 80 pounds in the
boilers of ocean steamers, in which, however, the pressure will average greater than in the ferry-boat boilers.
There are in this class six sets of 2, one set of 3, and one set of 4 boilers, the remaining boilers being used singly.

In order to emphasize the dlff’erence of practice on the Columbia and Mississippl rivers the nineteen river
steamers of this class in the Willamette district are compared with nineteén boats of similar tonnage in the Saint
Louis district, as follows: Aggregate tonnage of the nineteen: Saint Louis; 12,219.83; Willamette, 12,203.49.
Bach steamer in both cases has 2 engines, and all are simple high-pressure non-condensing engines except 2
Hartupee compound moderating engines on a Saint Louis boat. Average diameter of cylinder, Saint Louis, 207.82;
Willamette, 17.71, Average length of stroke, Saint Louis, 777.05; Willamette, 72/7.32. Average volume of
eylinder, Saint Louis, 33.01 cubic feet ; Willamette, 19.03 cubic feet. Ratio, number of boilers to number of boats,

’
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Saint Louis, 3.79; Willamette, 1.10. Average diameter of boiler, Saint Louis, 397,02 ; Willamette, 56%.58, Aver-

age length of boiler, Saint Louis, 24,73 3 Willamette, 26/.06, Average volume of boiler, Saint Louis, 208.85 cubie

feet; Willamette, 440.58 cubic foet. Aggregate volumes of boilers, Saint Louis, 15,037.53 cubie fect; Willamette,

9,241,73 cubic feet. Average pressure allowed, Saint Louis, #40 pounds; Willamette, 126 pounds, Thickness of

boiler-shell (average), Saint Louis, 27.2 hundredéhs, and Willamette, 35.50 hundredths of an inch, The boilers of

the Willamette steamers arve nearvly all tubular, and of the Saint Lounis steamers all are flue-boilers, some with

four or five but the wmajority with only two flues. The boilers specified are all of wrought-iron plate except in one
Saint Lonis boat, which has boilers of low steel or homogencous iron.

In stenmers o[‘ between 100 and 500 tons in the Paeific distriet there ave 1538 boilers, only 4 of them being of
steel. Torty-two are returned as five-box Doilers, Thereis L oval boiler, Most of the boilers arve either direct- or
return-tubular, Of 22 Doilers in the Puget sound district, 1 is a return-flue 8’ 10" diameter and 24/ long (upon an
ocean steamer), 1 a fire-box flue and tabular, 7/ 27 diameter by 18 long (upon an ocean steamer), 10 fire-box return-
tubular and fire-box tubular, and 10 return-tubular boilers, The material i3 usually specified as Tennessee flange
iron or as American C. IL, No. 1. I mnote the following examples: One marine fire-box return-tubular, 14/ 8¢
diameter by 18/ long with beam condensing-engine on paddle-wheel boat, 150/ long by 30’ wide by 10/ deep, buils
in 1849, at New York; 1 fire-box flue and tubular, 7/ 2 by 18/, with beam condensing-engine on side-wheel boat,
129 5" by 21/ by 8 9%, built in 18066, ab- Sitka, Alaska; 2 Iue box tubulars, 6/ by 22/ with vertical condensing-
engine on paddle-wheel boat, 120/ by 24/ Ly 12/, built in 1869, at Point Discovery, Washington territory ; 1 marine
return-flue, 8 107 by 24/, with Deam condensing-engine on paddle-wheel boat, 166/ by 29/ by 1035, built in 1871,
at San Francisco; 4 roturn-tubulars, 3/ 67 by 16/, with non-condensing engines on paddle-wheel boat 182/ by 28
21 by 97 8, builb in 1874, at Portland, Oregony 2 fire-box returu-tubulars, 4’ by 20/ 3/, with vertical condensing-
engine on serew-boat, 1306/ by 26,08 by 12§/, built in 1876, at San Francisco; and 1 fire-box tubular, 8/ 8 by 17
with non-condensing-engines on paddle-wheel boat, 80°.2 by 1042 by 4°.7, built in 1876, at Seattle, Washington
territory,

In the Willameotte district every Loiler in hoaty of this class is a tubular hoiler.

Only 24 ont of 158 boilers in this class arve over 6/ in diameter, cmd these are peculiar to ocean or cmstmg

" gteamors.,

In steamors of from 50 to 100 tons there ave 61 Loilars, mainly cylindricul tubular. None are of steel. Fifteen
are specified as fire-box boilers. In steamors of from 23 to 5O tons there are 8Y Dboilers, all horizontal tubular,
except 1 fire-box flug and tubular and 1 vertical tubular boiler. In steamers of less than 25 tons there are 48
boilers, only 2 of them being of steel, and 14 Leing vertical tubular boilers.

The steel boilersof the “Modoe? (468.27 tons) and the “Apache” (408,27 tons), of the Sacramento river service,
are 61§/ diametor by 26/ 4/ Iong; 2 boilers on each boat; material, Otis steel, double-riveted and plated inside ; shells, -
# thick; pressureallowed, 80 pounds. These boilers are of the fire-box and cylindrical type, similar to locomotive
tubular. Tor river service, San Ifrancisco authorities pronounce this sl,y]e of Dboiler to combine the ¢ greatest
lightness with the greatest serviceable qualities and gtrength.”

MARINE BOILERS O BAN FRANCISCO,

Through the courtesy of Mr. James Hillman, inspector of marine boilers at San Franeisco, Oalifornia, I am
enabled to present the following classification of boilers in use on the different classes of steamers at that port.

_ This enumeration was made subsequent to the close of the census year:
q Y
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Deseription. % | g 3
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AERRAEAE AN B
=
8|8 | & | &K |8 |4
CylHndrion] tubUIAL civwwavoavssrsrsnnsearssnan & a9 4 4 8 19 47
Cylindeienl, with furnases and Lu]ws . 10 1 t [ 3 IR 4 27
Cylindrieal flue and tubular ........ i 1 1 1 [ 14
Cylindrical flue .covvennn.-. veran b [RPERS PPN 1

Vortical tubnlar c..i.uuuen.s O RS PRI i1 PO T
Tiro-box eylindrical tubular .vovvienns :

Fire-box eylindrical flue and tubular [: ' R 10 b |.en 14 33
Tirobox oylindriend flUe . vvesimmmrcmnsre s inennssannasfonnene]ennans [/ PR RPN PR 4
TFire-box flite and return-dnbular .uay.n. .. [ R ru, ) S P PRI U 1 ]
Oval BDUINE o cnnnciimniiaias v vncsiinnniananaen 11.... asnane I IR PO )
Oval, with furnncos and tubes. |2 TN S DU DR PRI 2
Oval fluo and tubular eeeeeeranans tateenmanesnsnassunrenn:fsasnns|ovaresfsnanas ) IO IO 1
Reetangulnr tubulfy .oo...... reeean emvemeenn—an 3 PP (R DUVRS PR PN 1

Reotangular, with furnnces and tubes..c. covveviecninesranens 1 leemaas]|insave|sannns 1 2
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POWER AND SPEED OF ENGINES

The boiler volume in cubic feet per ton of vessel is 5.01 in the ¢ Orizaba,” 8.31 in the ¢ Geo. W, Tlder,” 2.82 in
the “Dakota,” 2.78 in the “State of California,” 2.7 in the ¢ City of Tokio,” while it is 0.69 in the “Thoroughfare,”
0.87 in the “ Victoria,” 2,14 in the “Wide West,” 1.61 in the ¢ Ancon,” and 1.78 in the ¢ Colima.” The number of -
tons of vessel per cubic foot of eylinder space is 4,91 in the ¢ Orizaba,” 4,97 in the *Dakota,” 6.43 in the * Newark,”
8.22 in the “Solano,” 10.40 in the “City of Tokio,” 13.78 in the ¢ State of California,” 17.27 in the *Geo. W, Elder,”
19.43 in the “Oregon,” 17.56 in the ¢ Wide West,” 27.43 in the “Thoroughfare,” and 83.85 in the ¢ Victoria.” These
figures are stated separately to show how w1dely these ratios range for the various classes of service. The character
of the vessels specified will be recognized from previous statements, If we take the boiler volume intotho allowed

pressure as the criterion of relative boiler power per ton, the boﬂer power per ton is shown relatively in the fo]low
ing figures: ‘

Geo, W. Blder «ovuvevannnrenennsnan wh rmma e amme s eeenacena e eese s cmaman sans snne euansnaest e ... 204.80
SEat0 0F CalifOTIIf . e o i vt ae can biimmeae sasa macs cac s ame cmmessamesim et tacann ke aennnsnntnanan 2029, 40
City of TOKIO . nenerioauincimnisrarceur vunnamnnsrennnanan ke m rema e e eee e nammeasoaonr e nan e 178.10
L0 T B et e c oot s mmve e v asm et mema sam e mme mm s ma e masa ammaes N ean tmmmas emmne aman e naeansan 136,80
OTIZADD wnnmveamas e cemvme oo amcamm e ameas aace e susa Amae mmen s ot aacn sasasnie annn samssansne anne sevanecennnn 100,20
DaKOob covece i acrs ciscsnia e cncanen [P, G e swmmd s memEasas cesemea e atna e tammae e on e anaannan 70,50
L OTOUELITATO 1 o e e waee mmem smss cme g m s mmas mcam s men n e dwmmmE < ne astane basnan aannanoenannnnnsnanarannanres 00 00
203 o) U 11 41

In like manner, we may find that the cylinder capacity per ton of vessel (considering the steam-pressure
allowed) is represented relatively by the following figures:

Wide Wesb «.vevneunn e e amessmeaieanannn e m e ee e am e aatace s mesme eenace tmumee na aman e amann cnaman (.83
LRt o (oS RPN | N1
State of Callfornif..ee ceve veanveccan venen S N aenen 5. 80
DATOU . - cnet et suer car i s v i man cas erma e ae anmanshans e Cevmea dmmecsanecnunessenmannneneanrane D O3
GO0 W TEI0OE - aae e v e mmec e amen amtmna s cmenns ammenennasassnannssesnnnns amanessnassnvnssnnansnnsvanescnna & 03
OriZaDE o cervvme it ein cccmmn e cern e ar nan crmenameemear e P 4,07
PhOTOUZIIATG e wemcne e e amvan camansasnncniman camure e etn o neaanea ‘e emmeusedaes mmam anen gt 3.64

VIiehOrIa ccvvnaac cans wniannvcocnnans

- The nominal horse-power per ton as stated in the list of merchant steam vessels of the United States is for the

State of California (2,266.03 tons, 1,800 horse-power) . ...ocvicruaeiacmre vrseiaemmnvnnnn . 0.79
~ Dakota (2,135.04 tons, 2,000 J10186-DOWeT e ucintmene taecne crncnn secananmnnans ammeeomeensam e nm e aaen e 0.94
Orizaba (1,244,08 tons, 500 horse-power) ... ueueeoaun R 0,40
Thoroughfare (1,012,27 tons, 400 hOTSC-POWEL) cn oo ca e insnrarame counan socuns simens rananssancns asas tammencnen 0,39
Victoria (1,462,138 tons, 500 horse-power) .. .. cvees vnw- e anas Nemm e taeesetantanaeons tnteastnenan sannnaneanann 0,84

These.nominal powers are, however, neither well defined nor consistent with any uniform rnle.

Of 25 steamers of over 1,000 tons of the port of San Francisco, the average length of stroke is about 74/; average
boiler-pressure, about 58 pounds. For a total tonnage of 52,990 tons the eylinder volume is 5,327.69 cubic feet, nearly
half of which is in componnd eylinders, the rest being in simple eylinders of long stroke. The aggregate nominal
power is about 20,000 horse-power.

The “City of Tokio,” 5,079.62 fons. This and the ¢“Oity of Pekin” are the largest ocean steamers of the
Pacific dislrict, At 55 revolumons, 60 pounds initial, 10 pounds terminal, the engines of each vessel develop 4,000
. indicated horse-power.

The ¢ State of California,” 2,266.03 tons. The engines of this ocean steamer, running at 63 revolutions, withe

74 pounds per square inch boiler-pressure, developed an indicated horse-power of 1,500.08. With 80 pounds
pressure, 73 revoluntions, and a later cut-off, 2,323.83 horse-power were developed. The following data of these
trials is derived from a communication of Mr. J. Haug, marine engineer, to the Nautical Gazette,

‘ The following are the particulars of the engines of the “ State of Cahforma 7y

Diametor of high-pressure cy]lndm ......................................... inches.. 42
7 M square inches.. 1,385, 44
Diameter of low-pressure cylinder..c.ecvoaun. . U 1111 T 73
ATBR +ecensisecnnn i iee tmasen e tsane e aeesaarsreran vusaseaaas BQUATE inches.. 4,185.4
Ratio of 0y linders.. ce v omeriien cammn s ceenvacenevsas cenn banass mmnmnava amiaamaann 3,021
Sbroke . ooceiiiaiiol famemenann et veee s meeenwedama e eanisas asamae caan pmnans feet.. A3
Constants for power:
138544 2 x4 .
-“"—33,—50'65’% for high pressure cylinder==0.356356; . .
4185.4x2% 43 )

33,000 fm",low-pressm'a cylinder=1.07806.
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The cards are shown in Fig. 27. The pa.rticularén of the cards are:

42°Cyl.
&5

mean 37, 4. .

vean 9.7,

Fra. 87,

Boilor-proasire, Por SQUATS INGH .- vven ons ccae tannvrcuan nenn seensnnanssneaes - POUNAS.. 74
Rocoiver, Der BUmare N0l wee ce ce corens susnus sotannsncsanencmenvmnnasornneernellOuees 404
VOGN et te eevmme caes s cmns vacane nne sanr s aminansanunns anseanunneersrsiNCHCS.. 27
L MR [ SO 23
Mean pressure in Nigh-prosaure eylinder .ovevovnvsns sovn coneesernssaan snwews poUNAS.. 37. 4
Moan pressure in Low-pressuro eylindar. .cve cuenme seresnsan sevianvousasnavennllOo... 0.7

Rovolutions por minute.. . ..eaem o oo et iiiiqurs tamnsasan ceut ravsmnns vramsae can 63
Indicatod horse-power— ‘ s
Of high-prossurd oy lindor.coe veesveeare save cnvuvevamunes o 030686 X7, AX63== 841,32
Of low-prossure eylindor. . cvvs vove cucnvnnan. reavanaaee. e 107806 X9, 7X03 = (68,706

Tobaleeusan cven vmenvenonnessrmasnns veeans rveynneunasisnnannsresneanesnge s 1,000,08

‘The following are the particulars of other cards talken from this engine:

Stoam ,.eevniia vasannearerasuianainaaa e 08 3 80
Vacunm ,.eesuas RIf ] 26 24
Rocolver.. oo caneensans PP FYPPN 433 + 14§ 18
[STT TS| Wrmmeaneieriva s s . 23 B0 it}
Rovolations ...... serasasusanes e 68 " 08 738
Powor high-prossure oglinder....oo.oaaa Hl14 ROL 7L § 1, 040, 51
Power low-progsure oylindor .vevrvarieas 72 083,41 | 1,274,382
I Total imlivatod horaopowor . vaw..| 1, 380 1,824,012 | 2, 800,83

The “Sofano,” 3,540.81 tons. This great ferry-boat has a piston area of nearly40 square feet (in two eylinders),
The new steamor ¢ [’1lg1‘lm ” has a piston arca of nearly 66 square feet in one eylinder, and is expocted to develop
6,600 horse-power; but the speed of the engine will be greater than in those of the ¢ Solano,” which, in the
merchant list of steam vessels of the United States, is eredifed with & nominal horse-power of 2,000,

The “ Oakland,” 1,672.24 tons, is a forry-boat plying between San Francisco and Oakland, and having beam-
engines, condensing. ‘ '

The “Garden City,” 1,080.70 tons, is a ferry-boat plying between San Francisco and Alameda. It has a
beam-engine, condensing, and with a very small bore for the length of stroke,

The “City of Olester,” 1,106.21 tons, iy a serew steamship plying from San Franeiseo to Victoria, British Co-
lumbia. = It has a compound engine with surface-condenser.

The “Wide West,” 1,200.80 tons, is a paddle-wheel boat of the Columbia River, Oregon. It has two 28 by
8" engines, and is allowed a boiler-pressure of 120 pounds.

Of small boats and their engines we note the following examples :

The “Sansalito,” 692.43 tons, is a ferry-boat plying between San I I‘muclsco and Sansalito, It has one beam—
‘enfrme, 50 by 11’ condensing.
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" The “Champion,” 634,09 tons, is a paddle-wheel passenger-boat plying on the Willamette river, from Portland
to Bugene City, the Cascades, and Woody island. The poweris sinall, the boat having a steam cylinder volume of
only 8.54 cubic feet in two 14 by 4/ engines, and the boiler-pressure allowed being 110 pounds.

The ¢Alexander Duncan,” 236.76 touns, is a passenger-steamer coasting from San Francisco to Humboldt bay
and to San Diego. Itis driven by a pair of compound engines.

The ¢Goliah,” 235.86 tons, is'a Puget sound passenger-boat with side-wheels, and a beam-engine.

The “Tiger,” 83.37 tons, isa side-wheel tug- and passenger-boat with direct-acting engines.

The *Neponsett,” 60.22 tons, is a Sacramento river freight-boat, a propeller driven Ly two non-condensing
engines.

The ¢ Fearless,” 95.40 tons, is a towing-boat, plying from Empire Oity to Gardiner and the head of navigation
from Coos bay. It is o propeller and has o eompound engine,

The “Gov. Irwin,” 80.94 tons; the ¢O., M. Small,” 97.99 tons; the “Donald,” 148.30 tons, and the ¢ IH. I
Buhne,” 97,72 tons, are San Francisco towing-boats, the first a screw-tug, the second a stern-wheel boat, and the
others serew-tugs. The eylinder capacity of the “Gov. Irwin® is 530 ciibie feet, of the ¢C. M. Small” 6.29 cubic
feet, of the “ Donald?” 8.83 cubic feet, and of the ¢ H. H. Buhne?” 10.54 cubie feet. On account of the higher speed
the small propellers develop more power from the same cylinder capacity under the same boiler-pressure than is
practicable with the stern-wheel hoats.

The following data of the ¢ Oity of Pekin” may be compared with the data of English steamers elsewhere cited:
Oylinders, two 51" and 838/ by 54/ stroke; 495’ piston speed ; 10,000 square feet condensing-surface ; Hirsch screw,
203 diameter, 30/ piteh ; 60 pounds boiler-pressure; 10 boilers, 13/ shell by 104 Jong, with 30 furnaces and 2,040
tubes, cach 331" ontside diameter; grate-surface, 520 square feet; total heating- surface, 17,000 square feet. Af
4,000 horse-power using 80 tons coal, shows a consumption of 1.86 pounds per horse-power per hour. The heating-

- surface per indicated horse-power is 4.25 square feet. The boiler volume is 13,936.96 cubic feet, 3.48 per indicated
horse-power; ratio surface to volume, 1.22; grate-snrface per indicated horse-power, 0,13 square feet; condensing~
surface per indicated horse-power, 24 square feet. '

Of the boiler power of steamers of the Pacific disfrict, the volumes and dimensions of boilers have been stated

at some length, and the styles employed in various classes of service have been remarked upon. They are mainly ‘

tubular boilers, either of the marine (return-tubular) or locomotive (fire-box and eylindrieal) types. The heating-
surface of Dboilers per indicated horse-poser of engines increases with the decrease in size of Dboilers and engines.

Were proportions similar for all sizes of Doilers the volumes would inerease as the third and the surfuces as the
second powers of linear dimensions. In the Pacific distriet the average volume of a single boiler is, for steamers of
over 1,000 tons, 1,368.91 cubie feet; steamers from 1,000 to 500 tons, 791.25 cubic feet; steamers from 500 to 100
tons, 349.75 cubic feet; steamers from 100 to 50 tons, 20L.85 cubic feet; steamers from 50 to 20 tons, 157.03 cubic
feet; steamers of 25 tons and under, 53.70 cubic feet.  If for a boiler of 1,368.91 cubic feet volmume the ratio of heating-
surface to hoiler-volume be 1.22 and the heating-surface per indicated horse-power of conneected engines be 4.50
square feet, in the smaller boilers we wounld have for similar proportions and pressures:

. ' Hoating-sur.
V({}quno of Rr:)tlllgfl‘:ggttlgg ]{nca pen in-
oiler. dieated horse-
. Doiler volume. power,
Cubie feet. Square feet,
701,26 1.46 5.40
2490. 75 192 "o7.09
201, 85 2.28 841
187,08 2.51 et .
58, 70 3.9 12,52

At the same rating the heating surface per indicated horse-power would be about 25 square feet for the smallest
- boiler in'the district, a boiler on the steam yacht “ Magnet,” which is allowed 125 pounds pressure. This yacht has
a 4/ by 4/ engine, o size commonly rated at 4 horse-power, but which, under high pressure, might develop 6 horse-
power or more. The heating-surface in the boiler can scarcely exceed 40 square feet, but some boats witlh 4 by 47
engines have three times as large boilers.
Tu rating heating-surface of boilers by horse- power of engines everything depends upon the amount of steam
required by the engines, and as the smaller engines are, as a rale, much less economical than the large compound
- engines of ocean steamers, they would require a much greater heating-surface for indicated horse- -power were it not
for the higher average of pressures employed in the gmaller TDoilers, especially of river boats. Inthe long flue-
boilers commonly in nse in the Mississippi valley the heating-surface is of course much less rdatwely to the boiler-
'voiume than in the tubular boilers usnd upon the rivers of the Pacific seaboard.
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TIIE MARINE STEAM POWER OF TIHE UNITED STATES

ENGINES OI' A PACIFICU MAIL STHAMSIIP,

A description is here adduced of the engines of the Pacifie mail steamship ¢ City of San Francisco,” built by
Jolhn Roach & Son, at Chester, Pennsylvania, Three drawings arve presented, an elevation looking aft (Iig, 28) and
a plan of the engine (Fig. 20) (these have previously appearedin the London Engineering) and a skeleton sketeh or
drawing in plan and two elevations (Ifig. 30), showing the inter-velations of the various moving parts, m)d the
arrangement of pumps, valve-gears, and auxiliary engines,

The machinery embodies three engines in one and five steam eylindors, two of the engines being compound,
The letters A A indicate the eylinders of the principal engine, The smaller or high-pressure engine is surrounded
by an annular space which serves as a receiver botween high- and low-pressure eylinders, The linings within which
fhe pistons worl are cast separately and bolted in, and the eylinders are steam-jacketed—sides, tops, and bhottoms.
This main engine is of simple arrangement, for, beside driving the propeller, its ouly duty is tooperate a bilge-pumy,
indieated by the letter O upon the drmwn g8, Thisis conveniently driven from the forward end of the main erank-
shaft, There is o reversing engine, H, and a compound pu mping-engine, B B, with its receiver and valve-gears
conveniently located under the large eylinders. This drives two air-pamps, 0,0, two cirenlating-pumps, I8 B, two
feed-pumps, I' I, and o bilge-pump, G, This independenco of the punps has several advantages. The pumps are
not affected by racing of the main engines in rongh weather, both pumping- and reversing-engines being governed
by fly-wheels, ag shown in theillustrations, The piston areas aud eylinder volumes are given as follows comparatively,
80 that their relative capacities may be seen at o glance

Dinmutor. | Shoke,

Iaches Feot,
Main high-prossure oyllundet . ceavus o} 5
Madn Iow-prosaurs eylindor...... SR i3 b
Pamping high-pressuro oylinder. ceua. 16 B
Pumping low-pressmro eylindor.ce. vae. i 4
Stavting-ongine eylinder ooiaeaa| Y 1
Advpamps (single neting) oo . b 1)
Clroutatingpumps (Qonbly neting) ... 14y E
Treed-pumps (a}énglu lLuLiug;) Cereinananes G o
o

Bilge-pusnps winglo aeting..oen .. 5( ‘ (; [ 1;&

Main and pumping engines make the same number of vevolutions, and their piston speed is therefore as 5 to 2
The volumes swept by the pistons per revolution are as follows:

Guble fet | i i

Rl eylinders,
Mudn ongins eyloders coeavanionines 1. 0O S04, 106
Muin high-pressuro eylindor.c.o..... 0, 1614 1, k6t
Main low-pressurs oylindor, va.en.... (0, TR0 488, 980

' Tumping onging ceewueavacann e, 0, Ry JARE L1}
Pamping high-peessuro eylinder..... 0, 1000 G, 5RY
Pumping lowpressups eylindet...... (i, 042 15, 000
Btorting onglno. e civiinee iiinana, 0,001 1,088
TWOAIPPUTIPS cannevrenenvinanarnnn. {0, 12, 608
Two clvoulating-pumpy ., Ve 0. 0103 0,184
Two foed-PmPt. e .. ven [INUE 0, 78S
w0 DIlZOTUIIPS canamtiennanainsnnan 0, 0013 [y

This table furnishes an interesting comparigson of tho 1‘01.\11\() power mnployml in pumping and propelling
service, which appears aboub as 1 to 26, and of the relative eapaeity of pumps, Taking the feed-pumps as
standard of comparison, the bilge-pumps have abous the samo capacity, but the bilge-pump O may be disconnected
when desired. The capacity of the circulating-pumps is about 124 and of the alr-pumps aboub 17 times as great,
of the starting engine 1§, pumping engine about 29, and main engine about 770 times as great.

The valves of the main eylinders ave single-ported valves, cubting off at about two-thirds stroke, with plain

" plate expansion valves arranged to reduce the cut-off to one-tenth when desired, The change of cat-off is effected
by right and left serews operated by o serew and worm wheel, tho latter upon the expansion valve rod, as shown
ab I in the figures. The main valves are counterbalanced I‘or weight by the steam pots shown ab I o, which have
a piston diameter of 84 for the high, and 153 for the low-pressure eylinder, and the valves of the high-pressure
¢ylinder have the pressure upon their faces counteracted by being eonnected by links with the pistons of vacuum
pots indicated by the letter N in some of the figures. These have a diameter of 20" eacl,  The main valves are

vor 22 59 . ‘
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driven by a pair of eccentries and donble-bar link, making the travel of the valve equal that of the eceentric when
the link isin full gear. The travel of the high-pressure main valves is 10, expansion valves 1277, Tow-pressure
main valves 127, expansion valves 1447, The high-pressure steam ports are 44 wido Ly 36" long, eut-off ports
23" wido by 33" long. The low-pressure steam porty are 54 wide by 60/ long, Main and cat-off valves ave held to
their faces by bars bolted at their backs, and the eut-off valves by ilab springs. The expansion eccountries e set
opposite the erank ping and the eccentric rods lead divect to the valve-stems, The auxiliury engines, pumping
and starting, have plain slide valves cutting off’ at two thirds stroke and operated, the former by single and the
latter by & pair of eccentrics with links which are not shown upon the skeleton sketeh,  The reversal of the main
engiues is effected by the shifting of the valves by the small starting engine II, which operates through a reversing
gerew fitted with a cross-head, which is connectod to arock-shaft and reversing links, The stavting engine isitself
fitted with self-acting reversing gear. To admit steam to the main eylinders for warming them up before starting
therve ave pass-over valves, as shown at M in several views, ) '

The condenser shown at D forms the base of the supporting columns of the frame on the starboard side, It is
~made in two pieces, each with an air-pump cast on. It is also in two seetions, upper and lower, and the water
passes twice through its length, the steam first reaching the coldest surtace, but being prevented from striking
direetly against the condenser tubes by a deflecting plate. The exhaust-pipe is of cast-iron and has an expansion
joiut in the middle. It iy 207 by 25" in section, The condenser containg 2,380 tinned brass tubes § diumeter,
137 9 exposed length, 6,425 square feot condensing-surface.

Liceentrics ave of east-iron, eccentric-straps of wrought-iron, valve-spiudles of stecl,  Tho valve-faeings of the
main engines are of hard cast-ivon and.are bolted on. The piston-rods of the main engines have their lower ends
forked and fitted with brasses 84 in diameter and 147 long and with caps, bolts, nuts, and gibs for wearing on tho
guides. Condenser tube-plates are of hard cast-ivon 137 thick and the tubes are packed with papor packing. The
bed-plate of the engine is cast in tivo sections, and upon each are two pillow-blocks with journals 177 in diameter
and 26/ long. The bLottom bragses of these are set in removable chocks, so that they may be talken out without
removing the shaft. The crank-shaft is made in pieces and shrunk together; line shaft is 16/ in diameter; erank-
ping 16" in diameter by 18 long, Crank-shaft counterbalances are forged on.

PROPORTIONS AND ARRANGEMENT OF STEAMERS.

The following twenty-four examples of steamers of over 1,000 tons are arranged in the order of lengths relative
to breadths :

Namo. lo?:tti{\(’to 1):1[-55?\&}:311 Tomunge, | Class of service, Method of propul- Where built, Date of
bredth, | to dupth, slon. buitd,
B T O 10,93 176 L462,18 1 Ocean .ovevunees. BOPOW cvarrnssnan. Hull, Englani. .o iiivacnnerninansiniannaes 1866
City of Lokiv......... . 9, R3 L1 6070 G2 |, Sovow (ship) .aa. Now York ciovsviaiiniiecnnnerrrminensens 1874
Stato of Californin.... 8,78 1,08 2, 266,03 |. vewallo o oeee. Lo | Philadelphda, Pepnsylvanin oo voieiivean 1870
Gao, W B1A0r < e vaennens . 8.7 Lz 1,700, 69 {.... hendlo.... | Chiostor, Pennsylvinv . ceviniiiaviianrieena 1874
City of Now XYork .ovvevnnnnn. e 8,43 L4211 8,000,560 |.... R [ RS P, L 1875
City 0f BIANOY cucreriennsnneninnnns 8,43 1,44 8,016,706 {... [ S L PN arnmansraeves IRTG
Travait..o..vesn 7.7 2,08 | 1606, 81 | Fervy.... oond] Paddle . 1875
o L) T S 7,60 195 2,005, 69 | Ocean ...... ceevs | Serew (8hip) ...... Chestor, Dennsylvantn . oo vennnniinianoon 1873
OUVDZO cvmrvanernsitnaananvanensnns 7.5 167 LIS O e s BOMW savs vevnaeifiienes QU iecwnninsansriassnsncsnnsnnsnnsrsnnss 1878
Granada ... . 7,95 2,00 A6THER | o Servew (ship) oven. Wilmington, Delawars. . ... 187G
Orizobh e coiviecmaianian . 7.10 2.20 L2408 .,.do. Taddle ... Now York coeeve wvven nnne 1834
Diakots veeveniannn. , 8,75 2,00 aus o] Lode ., R S (treen Point, Now Yok, .. ... 188
City of Ponnma .. 6,78 1. 80 1,490,248 .. .do ..., | Serew (slip) vonean Now York .oooviiin i ot 1874
Thorvonghfaro. . 6,40 BO20 012027 | Serry S Paddle e San Franolseo, Californla . .. 1871
Nowark...... . . 6. 38 3.08 1,78 B0 {0 L, PR 1) SO R, Mienas P N vese 187
[ 20013 1131V R SR . 88 2,69 1,072,284 ..o RN 1) SRR SN L P e 1875
By Ciby-eeceannncarsenasaianennnn, 6. 26 2,71 1,983,042 ... ko R 1 RN RN 1 N PO 1878
50lan0 < covaneiannan rennan . 6.2 L7 364041 |ooodo L eaaan P Y | 1 R, Oaklaud, CGalifornia ,......o. Vesmsenanan JOTN 1874
City of Ohestor cuswecsenreonaraaas 6. 00 2,00 1,106, 21 ] Oeean ouev.oav..o.| Serow (ship) ..., Chustor, Ponnaylvanin . dicenene Cresaens 1875
Capitol eorraevnnnns vemseans avseeany 6. 00 4,017 1,080, 20 | Ferry .voeenaveenen TPaddle San Franciaco, California -.... rereseiveranen 1866
R, R, Thompson. 5. 08 3.00 1,188, 04 | River Dallas, Orogon covvaiienen. - 1878
ANCOD . avurnnuen 5, Gb 2,27 1,540,718 | Ocoan Son Franciges, Californin. coove vavareeeneans 1868
Garden City --.. . b. 62 2,72 T, 080, 70 | T'O1TY civen cvienalianallo v vvnrivnnnas]innnas Q0 ceear veiiierenensen 1879
VA TWOBE s enenmenremsnaninirmanes 5. 62 4,82 " 1,200, 80 | River Portland, QPOgon «uviverearianennever srean i 1877

The largest steamships under the American flag are in the Pacifie district. The “ Qity of Pekin® and the “ Uity
of Tokio” are each of 5,079.62 (registered) tons burden, and ply between San Francisco and Hong-Kong, Yokohama,
and other ports. The relative size of these vessels may be compared with that of other large American steamers.
Tha ¢ Solano” (ferry-bout), of this distriet, is of 8,549.41 tong. The « City of Rio Janeiro,” 3,548.30 tons, and the
“Qity of Para,” 3,532.23 tons, are the largest steamers of the New York district, The “Pilgrim,” of the Fall River
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ling, is of about 3,600 tons burden; the “Dristol” and tho ¢ Providence” each 2,062.20 tons. Tho tonnage of the
“Daniel Drew” is 2,002,243 of the ¢ Rhode Island,” 2,742,428, The ¢“Ponnsylvania,” of the American ling (trans-
Atlantic), is of 3,104.448 tOIlb. The Inrgest consting steamers aro the ¢ Chalmette,”2,082.90 tons, and the ¥ Louisiana,”
2,840.33 tons. On the Mississippi we have the “James Howard,” 2,321.44 tons, the “J, B, M, Kehloe,” 2,203.78 tons,
and the < 18d, Richardson,” 2,048,834 tons; and on the lakes, of thoBu[L\lo and Ulum o ling, the ¢ Rochester,” 2,220.05
tons, and the “Commodore,” 2,082,028 tons. In 1860 the only Iinglish steamer oxceeding 3,500 tons was the “ Great
Eastern,” whoso registered tommp;e was 13,344 tons, and at present the row Baglish (Canard) steamer ¢ Sahara,”
7,500 tons, is the nearest approach to this enormous tonnage.

It will be scen that the ¢ City of Pekin and the ¢ City of Tolkio” are vevy lurga steamors, even whon compured
with the mammoths of English engineering skill, Thoe ¢ City of 1ekin® is 423 long and 48 broad; the Cunard
steamer ¢ Gallia” ig 450/ long and'dd’ broad, and the ¢ Sahara SO0/ long and 50/ broad, In the “Qity of Pekin®
the Doilers occupy somoe 60 of the length of the vessel in the hold, haing set, as usual, ive on each side, eylinders
trangverse to the length of the steamer, and a fire-xoom in the middle., Fhe boilors are of thoe usual type for large
sew going vessely, compound return-tubnlar, three farnaces to a boiler, and five boilers on ench side of tho steamer;
the engine-room abaft or back of tho boilervoom, and the main deck above the boiler-room. The bunkers will
contain 1,500 tons of conl, which, rated at 50 pounds (heaped) per eubic foof, would oceupy 67,200 cubie feet, eqnal
to & eube of about 41 feet, or a purallelopipedon 20 by 20 by 168, This would leave over twice as moclh space {or
eargo below the main deck, allowing for boiler and engine space. It may be remarked that the hunkers of the
Cunard * Gallia” have spuace for 1,700 tons of eoal, The ¢ Clity of Pekin” is arranged to accommodate 150 cabin
and 1,800 steerage passengers.

The ¢“Solano” is the largest forry-hoat in the world, The boat was built at Oalland, but the steam machinery
was built at Wilmington, Delaware. It will take 48 freight-cars ab n tine, and has about five times as much deek
space as one of the large Jersey Gity ferry-bouts.

The dimensions of some smaller steamers ave ny follows:

' Tonnage, | Tongih, | Droadths Doplh,
Feet, Fopt, et

Sanstllto veeiiviiiiiionina GO, 43 RN ] 380 0.8
Willametto Chlel verensunnss ann, 19 16 0 HIOR | 0.4
AVCRE warniiiias vieeianrnay G6w, 1 180, ¢ o, 8 80
S0 Chiteehweves e . ik L] 154, 0 A {1
Log Angeles ..., ¥ 0. 00 1570, 0 2 1.0
8 [T s 602, 45 167, 0 a0 b

All of these have paddle-wheels oxcept tho “Los Angeles,” which is o serow-propeller.  The stern-wheel boats .

are usually of lighter dreatt than those with side-wheels. OF the engines of the above boats the ¢ Sansalito? hes one
vertical beam-engine 507 diameter by 117 strokoe; the “Willamette Chiefy” two 207 diameter by 5’ stroko direet
acting engines, The “Arcata” has one compound engine 144" and 207 diameters of' eylinder by 287 stroke. The
8, T, Chureh”? has two 177 diameter by 6/ stroko divect-aeting engines, The “Los Angeles” has ona compound
engine 193 and 433" diameters of cylinder by 287 stroke, The “ . Almota” has two 107 by ¢/ direct-acting engines,
Of these steamers thumvor boats are most bluff in build, the ratios ol length to diameter being for the * Willamaetto
Chiefy? ¢S, T, Chureh,” and “Almoto” 455, 427, and 436, while the ratio is for fhe “Sansalito” (ferry-boat) G.12,
the “Areata” (ocean passenger) 6.87, and the “Los Angeles? (inland pussenger and coaster) 6,29, Tho “Santa
Cruz,” o freight-boat on the same route as the Loy Angeles,” and having similar machinery, i3 & mueh shorter
boat, the ratio of length to Lreadth being only +£.58,

The Sacramento river boats have usnally o greater breadth fop the length than those on the Columbia river.
A comparison from averaging a number of them, all vessels of nearly 500 tons, gives tho showing: ratio of length
to breadth, 4 for the Sacramento and 5§ for the Qolumbin viver boats consideved. The stern-wheol boats will be
more fully considered under the head ol Mississippi vwllby steamors, A Sacramento viver stern-wheel stenmer of
recent build and which may e taken as a type ol tho rivor steamers of the Pacifie senboard, is 180/ long by 4/
wide and about 8 deep, with a draft from 3/ to 43/ according to lond, the carrying capacity bumg 300 tons, Tt has
asaloon deck 136/ long by over 807 wide, of which length 306/ is in open decks and 100 in cabing of 107 height, a
forward cabin 30/ wide, and an aft-cabin 14/ wide, lined with state-rooms, The boat is upward of 430 tons burden,
The «City of Stockton,” running from San Francisco to Sacramento ov Stockton, is of nnusually short build for a
passenger-boat, viz: 175 long, 5078 broad, and 8§.15 deep 3 tounage, 483.63; ratio length to breadth, 3.44. It was
built at Stockton, 1876, Another very wide boalbis tho 'L)Lmn engino ferry-boat ¢ Carquinez,” 102 tons, plying
between Carquinez and Benecia. This boat has length, ; breadth, 24.8; depth, 6'; ratio length to breadth,
8335 and was built at Martinez, Californin, 1854,

Most of the river boats in the Willamette district have the ratio of length to breadth between 5 and 6, The
“Alice,” 457.16 tous, and the « B, N, Oook,” 415.93 tons, are among those of most narrow build. These boats are
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25/ broad and 6/ deep. The ¢ Latona,” 128.91 tons, length 90/.4, breadth 18/.4, depth 3.9, running from Portland to
Lewis and Lake river,is the shallowest boat of over 100 tons. The ‘“Astoria, g 124.61 tous, length 98/, breadth 24/ .4,
deptl, 1005, running from Portland to Shoal Water bay, is an anusually dcep boat.

The tendency in tug-boats is for the substitution of serews for paddles, but there are many paddle-boats in the
serviee, especially among the larger tugs, An example of o very narrow tug-boat is the *C. M. Small,” a stern.
wheel boat with two 12/ by 48 non-condensing engines. It is of 97.99 tons burden, length 137/, breadth 207, depth
6/, ratio length to breadth 6.85, The “Daisy Whitelaw,” a small steam freight- bomt plying hgtwocn San Franciseo
and Point Reyos, is of the dimensions 6040 by 14,4 by 8.6, tonnage 44.42. Boats of 3’ or 4 draft ply {from Celilo
to the head of navigation on the Columbia river, but the depth of boats plying from Portland to BEugene City, on
the Willamette, does not appear to exceed 5/, with a deaft probably half that, as the stern-wheel boats stand
bigh out of the water. The ¢ Mohave” and * Colorado,” running from Yuma tb Colorado river landings, have a
depth of only 4, and the “ Gila” of only 3+%/, although the last is of 236,47 tons burden. The ¢ Little Aunie,” 85.56
tons, plying to the head of navigation on the Coquille river, has the dimensions: length 67751, breadth 10/47, and
depth 4/.21, The “Restless,” plying from Winchester bwy to the head of navigation on ‘rhe Umpqua 1‘1m~, has
& tonnage of 101.02 tons, length 72/, breadth 16/, and depth 44/, The largest steamer on lake Tahoe is 92 long,
16/ 5 broad, and 44’ deep. The ¢ Gov, Dana,” ranuing to the head of navigation on the Sacramento river, is of
209,77 tons, and of the dimensions: 145 long, 30°.6 broad, 34’ deep.

Considering the boats of the San Francisco district alone, the inland passenger steamers built in and prior to
1865 have a ratio of length to breadth 4.72 and to depth 22,32, while for such steamers built in and since 1875 theso
ratios are 4.19 and 22,60. In like manner, compm‘mg the felrv-bonts built in and before 1870 and in and after 1875,
we find the stated ratios for the averages to Lo 5,12 and 16,63 for the earlier and 5.79 and 15.47 for the later built
bhoats. The “Solano” ig omitted from this comparison, on account of being designed for a peculiar gervice.

Of carrying capacity it may be noted that the “Solano” will take a weight of freight-cars equal to upwards of
half its registered tonnage; the whaler ¢ Mary and Ielen,” of 420§ tony, will take 200 tons coal and 2,700 barrels
of oil, an equivalent of 64 barrels of oil and nearly half o ton of coal per ton of vessel. The Sacramoento passenger-
Doat ¢ Modoce” carries, in addition o passengers, about § of a ton actual weight of cargo per ton of vessel, Stern.
wheel boats, such as the “Modoe,” being compar mwely ﬂat -bottomed, carry immenss amounts of cargo on alight
draft.

The steam whaler « Mary and Helen? was built at Bath, Maine, and sent to the Pacific coagt, where it was
purchased by the United States Government for Arvetic service. This steamer is 155 long, 30/ brmdth of Leam,
164 depth of hold. It has a flush deck, frime of white oak, with planking 6/ thick, and double or 127 thick
forward of the foremast, where it is braced with pointers set 2/ apart from keel to deck, and these in turn ave
braced with 107 cross-timbers. On deck there is a golley for the eook on the starboard side, and on the port side
a companion-way leads down to the forward eabin, which has state-rooms on the port and pantry and engivcer’s
Toom on the starboard side. Two doors lead into.the after-cabin, on the starboard side of which is the captain’s
cabin. The engine-room, with a vertical engine 20/ by 20/, is between main and mizzen masts, and the boiler, a
horizontal return-tubunlar of 200 nominal lhorse-power, ig in the hold below thie engine-room. The boiler extends
forward of the engine-room, and above it are the drying-room, sail-pens, and store-room.  Oil is stored in the hold
forward of the mainmast, There are two donkey-engines for hoisting the anchor, cutting ice, and other work;
steam flve-pumps and other accessories. A jet condenser is employed.

The above account will give o fair idea of & steamer of thig character. It is of low power, say 7 or 8 knots per
hour in gpeced under steam and against o head-wind, but is intended to be propelled mainly by sail, reserving the
coal for use in calms and among the ice-floes. _

The Pacific Mail steamship #City of San Franciseo,” built by Messrs. Joln Roach & Son, and the machinery
of which is elsewhere deseribed, is 3562/ long over all, 40/ beam, and 28/ 107 decp under the spar deek. It is texmed
a three-deck steamship, having o hurricane deck running all i‘or and aft, and an orlop deck additional forward,
extending from the forward coal-bunker bulkhead to the stem.

The river towing-boats of the Pacific seaboard are almost invariably stern-wheel boats, there being only a few
small boats with serow-propellors. The tug-boats of San Francisco and San Pablo bays are nearly all propellers,
and there iy but one mde wheel tug, the “Liger,” which is of the Iinglish type, The *Tiger” has & lvugth of 1007,
breadth 21, depth 54/, tonnage 86.37 tons. It has three boilers, each 34 in dinmeter by 14/ long, and is driven
Ly two condensing-engines, each 16/ in diameter by 4 in stroke.

STHAMERS OF THE MISSISSIPPI VALLEY.

GROGRAPHICAL DISTRIBUTION.~The attempt to classify the steamers according to routes of servies is attended
with difficulty on account of the great number, especially of freight-steamers, which have no definite routes, But
although the grouping of steamers may on this account be vague and approximate in some cases, it will still he
found valuable as affording tolerably clear ideas of the seope and direction of the great steam service which gives
to the Mississippi river system its obvious commereial value, There are, in the first place, the ferries, and, hardly
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distinguishable in character of service, the short runs of boats which ply between points not many miles distant.
in thesecond place there is o class of steamers regularly plying between eertain largo cities over long river routos.
In the third place, thereis a class of steamers whicl may be specified as plying mainly upon certain small or tributary
rivers or sections of rivers. The grouping of these, it it fails to include all the steamers visiting sueh rivers, will
at least convey some ideas of the magnitude of commeorce and the conditions of navigation., In the fourth place
there are large numbers of gteamers which can only be specified ag plying inland from the principal eitics, In this

expression inland is sometimes nnderstood as meaning up the river, butit somoetimes signifies any where in the entirvoe
river system,

Steamors. Steamers, Tuts, Enginen. | Cubio foet,
. - *1o 1L,041,80 4 a8, 7
10 2,106, 06 18 140, 02
i w21 3,200, 80 il 460, 41
Forriea and short rans on the lower l\ﬂaaiﬂﬁig}ni, helow the Olio il 208, fit g &.70
rviver, also nelading stepmura plying from Now Orleans (o tho . 470, 82 10 01 84
nen amd in the Now Orleans hwrbor and Ioerl serview, the lntter s o 4
bolng dusignated by nstar, b 7. 08 14 .20
*2 o8 4 4,78
11 160, 18 T 8,83
LA 115,17 10 3.7
o 5, N 00 i 410,02
Ferrivs and shovt vung on the upper Minstssppl, inclnding the ‘ 17 1,208 04 0 04,25
Terrivs and loval servies st Saing Louds, 16 [ERIN B ol wor
11 141, 64 16 4 80
R - LI (A I 108,97
1 0. 00 4 A0, 16
. _ . S T A PR ub 110,78
Terrios and short runs on the lower Ohio, bolow Clneinnatic. ... N a1p. 01 5 aN
& a8, 64 i 120
1 anoee 1 0. 88
b] 4, 420, 60 1w 17517
20 i, 166, 70 ol SBAG
Forriea and short rons on the appor Ollo cooviiiiiieicaaaenn oy | 1,761,488 I 70,08
i 140,11 1t Wk
: 10 4, 67 ul 22,25
i’ Lo 1,084, 26 14 il 08
— , T B 1 H30. 70 2 Al b6
Tervies and shorg runs on tho Missoari Hver. o ; 4 o i 500
{ 4 .15 8 0,88,
I 1 01D, 21, 8 10. 44
210 B L a3 178, Q0
‘ing botyoeen Snalnt Louls Baint [ Stillwater ..... }
Tlying betyoen Salnt Louis and Saint Panl and Stillwater 1 p 40, 70 1 8, 14
t 3 .6 4 6.8
Plylng from Suint Tonds, Cat 1 Momphis to Wheellng, | 7| hanar o e
Mving from Saint Lonis, Catro, and Memphis to Wheellng, | 1 .
Liteshury, and Cucinnnti. ' ! l 7 L HDO'M 1 100, Uiy
b 168,07 7 6. 00
10 | 4,070.20 n 102, 54
Plying from Saint Lounls and other prineipal ports to Yenktoxw, - [ 1 .08 . 864
Omahin, tnd Sioux Gty : l 1 44,01 4 1.07
1 £, 00 1 Cou
{ Bl 46 U 280, 844
Dlving from Saint Louis end Momphda to New Orlesns and | 9 | 1 ane 4 o1, 2
Vicksbhary, ‘ ~ petie 1 ' ’
1 SLER 1 0, 48
1] 5,081,858 1w 2707
on 1 ol i 1 { b W 7L 0L 0 100, 0%
Diving batwoeon Now Orloans and Rittsburg, Claeinuatl, and | Ao - o 0
other ports of tho upper Uhlo, ' 18 j‘.!57.l: a3 oz, 4o
RN 193,20 4 /.44
1 RAN 1 0, 54
H { 1 1,800, 8% K 00, 92
| ! 3 458,17 6 16,60
Llying on Ted, Washita, and Atehafulayavivers. cooooenenns oy b 181, BB 4 467
t # 42,06 § a7
L ] 7L 64 0 2,04
1 114. 66 b 6,28
‘ y ; [ 2 15079 1 2,84
Plying on the Tllinods river,  (Sco also Inko stoamers).e..o.. .. ‘I . " 5 y 0,03
[ 10 #1. 04 1 148
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Steamers. Steamors. Tona, Iingines, | Cubic feet,
[ 8 1,404, 04 16 40, 48
15 1,140, 05 Wi 25,108
Plying on the Avkansas, White, and Saint Francis rivors...u... -l 7 i 4.0 t; 10 ; o1
3 62,20 4 2,70
1,952, 85 18 02,73
) | 8 187. 53 4 4.50
Plying on the Teunegsen river..ecveceeresraes wanian Creeniaeeas 1 P 209, 18 4 A
1 21,14 1 0,35
1 9 2,101, B4 17 B2, 0
Plying on the Cumborland river.eeececiensicnnissacnnaninn N [ 488, 13 12 16, 68
1 2 42,00 4 2,30
[ 8 624, 01 13 15,05
Plying on the Wabash and Whito 1ivers..vic.evieaciancssiernn, 5 183. 70 7 3.87
. 1 7 117,19 8 4,78
g 6 3,008.07 | 14 6a. 5
Plying on the Kanpwha, Big Sandy, Licking, Kentucky, and ’ w 740. 98 18 41
GGreen rivers, 10 400. 16 19 0.0
' ‘ ()] 03, TR 11 40
7 1, 009, 93 14 X
) . , \ [ 3 108, 61 4 2
Plying on tho Muskingum, Scioto, and Minmi rivers «cavaiaiaons o 70,94 ) o a0
' l 3 03,70 3 1,461
{ & 1,152, 0 8 FR AU
. | 1oL 91417 o 10,4
Speoifled ag plying upon tho Monongahels nud Alsghany vivers. « 4 08. 50 a o |
f 08, W
l [ 77,97 8 T
( 1 60,00 8 R
TPlying on tho Osage and Gaseonndo YIVOrs, .cveiviiiennnnenen s ; 3 73,73 3 Ler
{ B 700 | §! 0. |
[ o 2,169, 44 17 w30
Plying on tho Missonrd viver, shove ¥ankion. cccveeeevicineinn g 1 TR 1 h, (8
l 1 18,09 a X}
11 | 15,610, 81 TR A A TS U
10 6, 929, 83 20 HAS B
67 116,11, 8L ¥} TS 0L
Plying from New Orlopns and Viekaburg inland, unspeeified. .. . a7 1,054, 78 51 oL
j , 054, 78 ! 1
B} 846, 07 31 40,02
U8 RERET BE] 10,85
10§16, 047,48 o0 TN
21 1 190,008, 67 Gh. | L0028
: 5O R
Plying from Saint Louis inland, unapecified, caeeeeienvonnnnos, - 60 15, 044, 00 i R
11 850,10 R B RG
4 165, 80 7 7.0
] 63, 20 10 2,00
il 7,021, 61 ™ LRANIH
Plying inland from Saint Panl and ports of the Uppor Missly- " 2% 1,028, 04 41 T
sippi, as far wouth as Burlington, to porws nnspeelilod. - : 14 50T, 43 v ng.ag
10 179.40 19 5,03
¢ 1 1,034 15 R} 45,70
) bR R § ] W 1, 08,53
Plying {rom Pitteburg and Whoeling {nland, to ports unapoci- 07 | 4, 838.04 194 | 2,000,853
flod. %] 1,120.75 w 102,00
[} 237, 68 ] 18.07
8 114,80 3 1K)
16 11,178, 16 Wl 640, 50
20 6,786, 13 n8 AHRRH]
Plying inland from Loniaville, Cluclnnatl, Evansville, Qwens- . p -
l)ur(‘)-'ugll, ond Motropoliy, vens 26§ 1,88L.65 43 75,10
‘ 6 252, 73 7 .83
1 111,80 1l EAR
(" o | o1,586.18 4 110,71
] 1| 401751 28 182, 14
. ) Plying from Memphis and Coiro inland, unspecified ..n,..n.... i 451, &2 10 20,04
1 4 105, 85 [{] 5,006
' [} 83,67 7 0,05

After the numbers of engines are speeified their ageregate volumes in cubie feet. This is a Detter indica.
tion of the relative powers for stern-wheel engines, such as the majority of the foregoing, than for propeller engines,
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LNGINES OF MISSISSIPPI RIVER STEAMERS,

Of steamers of over 1,000 tons, there are the following thirty-three, of which the following lst is given in {full
with the kinds and dimensions of engines, which, unless specified, are simple non-condensing engines: the ¢ J. B, L.
Iehloe,” 2,253.73 tons, has two, 18 and 44 by ¢’ compound ongines.

Engines, simple non-condensing.

ENGINES, i I ENGINES,
Name, Tous, s e ——— Nuwme, Tons,
Noo | IMmoensiouns, } N | Dimensions.
Thos, Sherloek coneeveavannn. 1, 353, 02 2 4 by @ [ Chias. . Chonteat ..., ceendd 1,008,102 a 20 hy 8
R Springor vcverenncinns 1, 215,33 2 247 hy # ﬂ WD Tallidny oteenes 1, 875.40 Y 243 by 17
. Fred, A, Blanks @, .. 1, 200, /4 2 Wy W Commonwoalth ... 1, 105, 09 3 Q3 by O
Charles Morgan ....... 1,234,900 b 95 Ty b Contenndal.,ooeeien 1,077 48 4 oy 7
Guiding Btar covvusanes 1,180,097 a 20 by Ty |l Rty of TTelent vunuesiens o] 1,058,208 ] L6 by 8
United Stoates veeveen.. . 1, 083,02 ] 201 by 1 Grand Towor et cinerseven, 1, 438,28 4 Qe iy W
Genl Tyt cov v cvavenenna | 108725 i 200 by o Td. Riehardsom ovavennnvaen 2,048,384 . U8 by 1
Fleetwool coovnaevaeiriinaaad] 1, 030,60 & 203 by BY D UMW e s a8 007,76 ) 43 Ly 1!
Wil Kylo ... o 1,017,820 2 2 by 7 THhompson DEnmt 2 veeeesiansen 16048 8 J iy 107
WYOMINE covivernrniiarnian, 1,034 15 2 s by ¥ JRobert I, Too,w .. PRPPTS PRTONR I MR UR [N 404 by 1o
POHemy Frank coec e consesann 1,169, 64 2 SR by 0 Nitohts venesvanas PR, L4777 i S by 100
{ Cuty of Vieksburg ooiveianaa, 1,068, 48 ) o hy & Tobt. Miteholl waesiiiaiaren.] 1,800,081 ] Qo) by W
James Yoward ..o oan 2,081, 4 ] J¢ by L Al L Slver ceasneas eanea] 100904 ) ey hy #
John A, Seuddor. e aaa. 1, 747,82 8 S8 by ® Now Mary Louston .. wee] 1, THRE R B S8 by 7
City of Al vaviivivansnns 1,408, 33 i W by @ Joln W Cannen e Veneuns 1, LM 2 BEY hy O
City of Greoneillo .. g1 488,06 ) q6M by 10 T ISR srevnerencenes| 105072 R} 1 by T
|

This inelndes only the characteristic river boats, passenger-steamors, many of them of high speed, sueh as the
“J, M, White” and #Guiding Star.,”  AlL of tho swift passenger-boats have side-wheels, all of the stern-wheel
Loats being of slow speed, although some are used in and equipped for passenger service, We see that thero is
searcely an exception to the usnal type of paired simplo long-stroko non-condensing ongines,  “The condensing-
engine hias been used on the “James Iloward,” buat when tho condenser was in use a double foreo of fivemen had
great difficalty in maintaining the stea m-pressure” (Bryant), The © Wyoming” is an example of a stern-wheel
boat, but there i3 no usual or distinguishing ditference in the propoertions of engines hotweon stern- and side-wheel
boats, ITigh powers are realized for the proportions on accountof the profligate uso of steawm, the terminal pressurves -
heing great enough for tho initial pressures of ordinary high-pressure engines, Tngines which throw away three or
four tons of fuel where they utilize one are certainly subjeets for future improvement. . Condensers wonld certainly boe
& great improvement upon such practive, oven it the vacuum waspoor; bat with sueh high-pressures and proper
expansion the power of thoe steam could bo as fully realized without as with the use of condensers.  With proper
expansion, condensers would be found an adjunct entively undesirablo for high-pressure river cngines, not only
involving increased first cost bub a positive detviment to economy, To admit 170 pounds stean into a long-stroke
eylinder ehilled Ly conneetion with a condenser I8 to serionsly lower tho mean effectivo pressure,

Special surface-heaters are commonly used and the feed is heated nearly to boiling point, while upon ocean
steamers 1200 is a common temperature of foed, Comparing tho feeding capaeity of the engines of tho “1id,
Richardson” with those of an ocoan steamer (compound): :

Tassed por revolulion
. . b e e s 3 e+ Teilor-
Class, Tonnago., | Feed pumps, i, oL
) Cylindor | Tramp Prossare,
volume, volumo,
- Cuble feel. | Gubin fuel, Trowmda, !
UVOL SLORMOTS avreeravennaa] 2,008 84 | LT4'" by 267 814,73 0, 05 L6031 157
Ocontl SEORMATS enenn cunsnenn] & 01,50 [ 2eld? Ty 24 604,10 (1.7 Sty ]

Although theso river enginas are of long stroke, the actual length of stroke is seen to range considerably
Tielow that of the beam-cngines upon the IIndson river and Long Island sound, The side-wheel boat ¢J, AL
White,” probably the swiftest on the Mississippi, has except jonally large cylinders, the cubie volume being about
232 eubic feet.

Upon steamery of Olags IT the engines are of precisely the some type as in the preceding class, and invari-
ably paired. A steamer driven by a single cylinder engine is unk nown among these large vessels.

In this clags most of the steamers are of the stern-wheel type, which iy much more common than any other
type. This class also includes the largest towing-boats, OFf 183 engines in this class 180 ave of the simple non-
eondensing type and 8 are of the Hartupee compou nd-moderator type.
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COMPOUND ENGINLS

LEXGINES,
Nane. Tons, e
N No. Dimensiona,
o0, Stanard ceveneiiea s 834, 51 g ‘ 127 and 26 Ly &
ALollio MOOTS cevnenanreans 601,70 2 120 aad 267 by &
Joln A Wooldeeenenneeaes 087,52 ) 187 and 41 by &
Jogeph B, Willinwa........ 801, 81 2 104 and 413" by O

The two former are inspected ag passenger-steamers and the two latter as tow-boats. The “ I, O, Stanard?
and the “Mollio Moore” are speciied as plying from Saint Louis inland j the * Johin A. Wood " and the ¢ Joseph
B. Williams ”? from Pittsburg inland, Thelatter are the most powerful towing-boats upon the river, the aggregate
cylinder capacity of their engines being 5 or 10 times as great as that of other boats of this class, Buf in
illustration of their greater economy of fuel it should be noted that relatively small boiler capacities are required,

The “Belle of Memphis,” 919,69 tons, has 2 simple engines, 26 Ly &, volume 50.96 cubie feet, & four-flue
boilers, 44 by 26/, volume about 1,372 cubic feet. The “ Oakland,” 628.81 tons, has 2 simple engines, 267 by ¢,
volume 66,32 cubic feet, six-flue boilers, 40 by 30/, volume about 1,568 cubie feet, The ¢ Joseph B, Williams” has
six-lne boilers, 40/ by 28/, volume about 1,463 cubic feet, The ¢ Jolm A, Wood” has six-flae boilers, 40/ by 207,
volume about 1,359 cubie 1(,eb

The boiler-pressures allowed arve: for the “ Belle of Memphis? 131 pounds, ¢ Qakland? 150 pouml&, “Joseph
B, Williams” 174 pounds, and “John A, Wood? 150 pounds. The boiler-volumes aro 6.94 times the eylinder-
volumes for the compounid condensing and 23,28 times the eylinder-voluines for the simple non-condensing englues,

Tho tow-boat “John Dippold,” 554.07 tong, with two 247 by 8 engines, has boilers of precisely the same size
as those of the “Joseph B, Williams,” pressure 140 pounds; but the eylinder-volume of the “John Dippold ™ is less
than one-fourth that of the “ Joseph B. Willimmng”  None of those engines exceed 97 in stroke, and tho eylinders of
the simple engines seldom exceed 267 in dianmeter for this clags of steamers.

The nou-condensing engine is the all but universal type; but the ¢ Bonanza,” 776,38 tons, & pagsengor-steamer
plying between Cinelunati and Marietta, has two 2287 by 7§ simple condensing-cngines.

Xu steamers of Olass IIT we begin to find o few variations from the prevailing types of engines and boilers, but
they constitute a very swall minority, Plying from New Orleans to the sea and inland ave o fow gerew-propellers
with return-tubular boilers, and in the upper Ohio distriet there ave quite & number of slide-valve engines, in place
of the usual poppet-valve engines. But apart from these New Orleans Loats running to the sen, there are no
scrow-propellers of considerable size upon the Mississippi or its tributaries, These New Orleans boats have
return-tubular boilers and in gome ¢ ases condensers, but tubular boilers and condensers are of very rare oceurrence
upon Mississippi river steamers.

In this class, in the Pittsburg, Bvangville, and Nashville districts, every boat is driven by paired engines,
In the Saint Louig distriet 21 out of 90, in the Galena district 2 out of 73, in the Memphis distrvict 2 out of 31, in the
Louisville district 2 out of 20, and in the Cineinnati distriet 1 ont of 50 steamers are driven by single engines,

In the Saint Louis district,in this class there are 6 out of 159 Ilartupee compound engines, the rest being
simple non-condensing. The “ Katio I’. Xountz,” 468.25 tons, has two 10 and 23" Ly 43’ Hartupee engines, The
“Henry C. Yager,” 373.44 tons, has two 23" and 45 by 6’ engines., The “General Meade,” 171,46 tons, has two
837 and 23/ by 4' engines, ’.l‘he last-named boat plies from Qmala inland. All of the Hartupee eugines are npon
bouts built between 1870 and 1878, and no compound engines appear to have been sineo applied in the Mississippi
service,

The ferry-boat ¢ Denver,” of Bismarck, Dakota, has one 227 by 7 engine. The ferry- boa,t “Tiyons,” city of
Lyons, Iowa, has one 18} by 5 engine. Nearly all of the single engines are upon side-wheel ferry-boats, The
passenger-steamer % Henry Logan,” 111,21 tons, plying between Cineinnati and Parkersburg, West Virginia, has
two 9/ by 3/ condensing-engines, The **Rapid Transit,” 111,29 tons, a passenger-steamer plying between Cincinnati
and New Orleans, is one of the largest screw-propellers plying upon the Ohio river, and has four 127 by 107 non.
condensing engines.  Inthe Wheeling distriet an entirely exceptional typeis presented in the paddle-wheel steamer
“ Little Boone,” 137.66 tons, plying from Gallipolis to points on the Kanawha river. This boat has two 8/ by 167

~ oscillating engines and & 44 by 10/ marine boiler. The slide-valve engines, of which thero are a considerable:

number upon Wheeling steamers of this class, ave long stroke engines, driving paddle-wheels, and are modifieations
of the usnal practice with land engines. Most of them are tow-boat engines. The ¢ Bell Prince,” 100,12 tons, is &
tow-boat, with 2 slide-valve engines 1247 by 43/, and 2 double-flue boilers 38/ by 24/, It is stated to consume 500
tons of coal in ranning from Wheeling to Pittsburg aud return, towing an ordinary load.

The ferry-boat * Porter,” 280.33 tous, of New Orleans, is & serew-propeller with four 167 by 16” condensing-
engines and two 6/ by 15/ fire-box eylindrical tubular return boilers. The pressure allowed is ouly 45 pounds, The
serew-propeller ¢ Martha,” 175,11 tons, with one 32! by 82/ condensing-enging and a fire-box retarn-tubular boiler
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(allowed 30 pounds pressure), plies from New Oileans inland, The more usual type of boat plying inland from
New Orleans may be exemplified in the steamer “ Jewel,? 937,92 tons, which has two 1247 Ly 5/ non-condensing
engines and two 40 by 26/ return-lne boilers of steel, and allowed 181 pounds pressure, The ¢ Jowel” has @
31" by 117 feed-pum) single-acting ; the feed is heated to 1800 Falr, and the safety-valve area for the boilers iy
25,13 square inches,

Steamors of Class IV are propelled in the majority of eases by stern wheels, but there are a groat many serow-
propellers, especially among the tug-boats. Ireight- and passenger-boats have more commonly stern wheels.
Simple short-stroke non-condensing engines are nsed upon the propellers. These have slide-valves in most cases,
while the paddle-wheel engines have poppet-valves, but not without oceasional excoptions, The paddle-wheel

steamer ¢ Georgie Lee,” 91.19 tons, of Saint Louis, hag two 97 by 8’ engines with slide-valves, and in somo districts,

nohbly that of Wheeling, they are quite commonly met with., Mr. W, II. Bryant states that slide-valves woroe

formerly much in use, but that they have been abandoned for the poppet-valve on all but small hoats, The-

objections to the slide-valve are stated to bo unreliability under high pressuves, failure to open as promptly and
sharply as desired, and, ag usnally built for river engines, excessive clearance. While these objections might
doubtless be overcome by suitable designs and valve-gears and good workmanship, the poppet-valve is admitted
‘to be better for long-stroke engines, and in spito of predictions to the contrary, we find the poppet-valve achioving
a ligh suceess, even in engines for scrow propulsion. There are no more ereditable nor original examples of!

American ocean-going practice than the poppetvalve engines of the ¢ Iudson” and the ¢ Louisiana,” but hove.

npon the rivers thé poppet-valve has a peeuliar provineo and will probably never bo displaced.
With propeller-engines, as we pass from large to small, the piston-speed is very nearly maintained, the namber

of revolutions increasing as the stroke slhortens, but with padd]o wheel ongines the speed of 1~uvnlubum is limited

and the small engines for stern-wheel boats are slow both in piston and rotative speed,  The evils peeuliar to any
typoe of valve are therefore minimized, and cither poppoet- ov slida-valves fulllll evory requirement.  Somo of the
sinall paddle-wheel boats are driven by very short-stroke engines, Thuy the tug-hoat ¢ Gopher,” 59,83 tons, of
Saing Paal, has one 107 by 12/ engine, but & more usual type may be exemplified by the steamer ¢ Last Chance,”

54T tons, which hias two 1017 by 34/ engines,  The “ M. T\ Powell,” plying {rom Little Roek, Arkansas, has two 6
by 2* engines, The *Rose City,” 80.60 tons, plying on Red river, lma two 87 by 24 engines, El)hu “Athletie,” 81,76
tous, plying on the Monongahelo river, hias two 1247 Ly 4/ engines,  In every seetion of thoe great valley we find the.

same types with bub little variation.  In the Wheeling district wo flnd side by side ongines of the same
dimensions, some with slide- and some with poppet-valves, The paddic-wheel passenger-steamer ¢ Louella,” 50,50
tons, of Gallipolis, has two 0§ by 3/ engines with rotary-valves. The “Sylvan Dell,” 53.08 tons, a small serew-
steamer, plying inland from Naw ()L'I(Jans, has four 127 by 8 engines.  This as usual has non-condensing engines,
but is has tubular heaters which raise the feed to 1800, although the boiler-pressure allowed is only 90 pounds.
Tho feed-heaters are important adjuncts to theriver engines, The «Sylvan Dell,” with fonr 197 by 8 engines,
aggregating about 2.1 cabie feet eylinder volume, has ono 87 by ¢ feed-pump, nbou(, 007 of the capaeity of the
eylinders per revolution, \

Tho same types of engines are found upon the steamers of Olasses 'V and VI, There are no componnd
engines in these classes, and condensing-engines are {he very rare exception, Tho 48, ¢, IIall,” plying from New
Orleans to the sea and inland, hag a 207 by 22/ condensing-engine,

ENGINES OI' TIX MONTANA.

There are two engines with eylinders 18 in diameter by 7/ stroke, of east-ivon, 17 thick at the thinnest point,.

The engines are right- and left-handed, bub otherwise similar,  They are placed at le inelination of about G° from
the horizontal.  The valves are poppet, two steam-valves on ona sidoe of the engine and two exhaust-valves on the
other side. The valve-stems ave lifted and lowered by arms pivoted beyond the ends of the eylinder and extending
to the middle, where they nearly meet, a pair of these levers on each side of tho eylinder, and under them a paiv

of wipers or lifters upon a rock-shaft, These lifters have toes of equal lengtl, and the roek-shaft heing over the
middle of the eylinder, and {he lifters set at an anglo with each other, they may be 8o arranged that two valveswill -

be continnously open, fivst the steam-valve at one end and the exhaust ab the other, and then the 1everse alternately.

This is accomplished by giving the rock-shaft a motion from what is called a full-stroke cam, a cam of two curves.

working within a rectangular frame, which incloses the main shaft, and isitself suitably supported in slide-bearings.
If now we conneet the lifters on one side (the steam-valve side) with a eam having a shorter throw, the valves would
closo sooner and cut off, giving the advantage of expansion of the steam, but,in order that the valves may open

properly, it is necessary to use a different cam, namely: one with three pomts md threo curves and four positive.
motions, where the full-stroke cam hag but L'wo. This, instead of admitting steam for half & revolution, admits i6.

for a quarter or more of the revolution, while the full- siroke eam eontinues to operate the exhaust-valves as before.
Sucl is the opcmtlon of the poppet-v: 11\'e genr of & western river engive, In starting or reversing, or when full
power ig rcquu'cd the full-stroke cam rocks Loth lifters and operates all four valves, but when under way the

steam-lifter is connected with a new cam which operates as described, An endeavor has been made to illustrate.
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this action by the skeleton sketeh of Tig. 31, This shows the crank and the two cams. Only the valves ou the
steam side are shown, the others being behind them. A is the cut-off rod shown as lifting the exhaust-valve on the
xight-hand side. The piston is at the beginning of its stroke and the three.pointed cam is about to throw vp the
left-hand toe of the neaver lifter (the steam-lifter), and to Jift the steam-valve at that end. - The engine is of very
long stroke, and to save space the connecting-rods are shown broken, but the actnal relative sizes of the parts are
.ghown by a sketch to a smaller seale. In another illustration (Iig. 32) the cylinder isshown with its valve
-eonneetions in three views of two seetions through the valves, The cub-off cam is shown in the same figure, The

e

T1a, 31,

‘main ¢ranks overhang outside the frame which supports the stern-wheel, and the cams are upon the crank-shaft
‘within the frame.  The conneeting-rod is of wood of a cruciform section, It {s strengthened by iron bands ab top
and under side bolted together, The eross-head journalis not strapped and keyed upon the rod on the ¢onneeting-
rod side, but the ivon bands of the rod extend over the journal-Loxes and are keyed together on tho further side.
"The piston-rod extends into o socket of tho cross head, to which it is fastened by a single large key, It is also keyed
to the piston, which has two # copper rings, lined by a 3/ iron ring held out by elliptic springs secured by set
-gerews.  The rings are kept i 111 place by a follower bolted on with square-headed bolts, The piston and follower
are of cast-iron.

The distance between the center lines o{‘ the two engines of the “Montana” is 40.5, the eranks are at right
angles and the connecting rods are 30° long, The timbers which support the frame extond 184 beyond the after
.end of the hall forming thio support of the main journals and the stern-wheel and supported in turn by » system

-of hog-chain bracing.
Cubie feet,

Bffective voluwme of eylinder .......... PP PPPIND L0 i}
Volume of clearance ot one end voveey vamvnraaae vvennn vud R ORI 121 1
Total, --... PPN £ 11113 1

Clearance, per cout, of entire volume, 6.5.

The valves are double and balanced. Of the steam-valves the upper poppet is 5/ and the lowerone 44/ in
«diameter. Of the exhaust-valves the upper poppet is 44/ and the lower one 5 in diameter. Tho-valve arms ov
lovers are of cast-iron 5/ 3" long, 17 thick, and 4// wide. There is a 9-pound weight on cach lever and tho valves
are kept well seated by an effective pressure of 132 pounds at the valvesstems., The two lifters, steam and exhaust,
work upon the same shaft but independently of each other,

The piston-rod is of wronght-ivon and 4 in diameter, The cross-head is of cast- iron, with the pin cast in. The
guides are flat 83/ by 2/ and 7/ 6/ long. They are embraced by jaws attached to the eross-head. The iron straps
of the connecting rod are 34’ wide by 4" thick., The sectional area of the wood is about 50 square inches ab the
-ends and about a square foot in the middle of the rod. The erank tapers from 83/ to 44 thick., It is shrank upon
the shaft and also upon the crank-pin, The cams are of cast-iron, made in halves and Dolted to a collar forging
-on the main shaft.
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Stern wheels have longer bue letb than side whu,lb, but are usually of a less diameter. The wheel of tho
“Montana” is of wood (the usual mutuial) It 15 35" wide on shaft, and its diameter is 16/ conter to conter of
buckets and 19/ over all. There are 7 sets of wheel-arms, each with 13 arms, bracedl together by cross-pieces, The

- ey

cut oll Covr.

Tra. B2,

main shaft is eylindrical thronghout, of wrought iron, 40/ Tong, 104" in diameter, and weighing 4, 026 pounds. Tor
each sot of wheel-arms there is a 44/ (diameter) ﬂmlp;e, 1 zmd 21 thick, and I(\L into the arms. The buckets ave
oak planks bolted to the arms and extending the width of the wheel, Tho eranks are balaneed by pine heams
extending the entire width of the whecl.

The above details regarding the steamer ¢ I\Iontmm” are mainly derived from a papm by Mr, W, II, Tryant,
of Saint Louis, this paper being the most complete and comprehensive (10‘1(}1‘]})[101] of the western river stern-wheel
boats whieh has yet been published.
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The “ Montana ” makes, at the highest, 25 revolutions, and commonly 18 or 19 or less, per minute, the piston
speed at 19 being 266/ » minunte. She is allowed 140 pounds pressure in her boilers, and, having 2 eylinders of 187
diameter, would have anominal horse-power of about 243, based on & mean pressure of half the boiler-pressure and
a piston speed of 2307, or about 164 revolutions per minute. The admission as nsual for these steamers ranges from

4 to § of the stroke when cut off at all, and, as some of these western river engines discharge their steam at half

boiler-pressure, it is obvious that a maeh higher power is realized than appears in the nominal rating,

The slow rotative speed of theso river-engines makes them easy to haundle, and the engines are as usual
governed by the movement of thoe boat.

Of the forms of poppet-valve used, the balanced valve is deservedly the most popuiar, The relief valve, in
which & small valve opens first and rulwves the pressure upon the principal valve, is also iu extensive use, but the
amg,le valve, which with the high boiler-pressures used requires from a ton to & Lon and a half to 1ift a 4 or 5

valve, is going into disuse. The great atrain brought by such valves upon their actuating mechanism needs
scarcely to be remarked. The balanced valves are sometimes made with poppets of equal area and sometimes, as
in the ¢ Montana’s” engines, with a slight difference of area to assist in the seating of the valve.

Ieeentries are not commonly used on river engines, nob giving as quick a movemaent of the valves as the cams,

The Rees ceut-off requires only one cam, the cut-off being connected with the eross-head and variable while the
engine is in motion.

ENGINES OF THE ‘“JOSEPH B, WILLIAMSY AND OTHER STEAMBERS.

Tho *Joseph B, Williams,” in common with a few other steamers, contains a form of engine mueh more elabovate
than the usual type. This in tho present river practice constitutes an obhjection to it, the ordinary single cylinder-
engine being considered better adapted to the character of the service, but as a type of engine entirely uniquo and
the principal application of the compound principle in Missigsippi river service the Iavtupes engine merits
cousideration. The principal featnres of the engine are exhibited in an illustration (Rig. 33) showing it in plan and
elevation, This has previously appeaved in the London Engineer. There are compound engines with o receiver
called o moderator, in which the pressure of the steam is reduced before passing into the large eylinder, Steam
enters the high-pressure steam-chest through the pipe marked “to boiler”” . The high-pressure uylinder has the
usnal form of poppet-valves and lifters actuating levers, but the cut-oft is regulated Ly a link, The steam passes
from the exhaust of the small eylinder, as shown, to the moderator and steam-chests of the large cylinder, which
lias four poppet-valves actuated divectly by rock-shafts without the intervention of lifting lavers, The arrangement
of the exhaust from-thoelarge eylinder is shown in a separate figure, the feed being hoated from the exhaust before
passing to the condenser, The air-pump is independent and operated by » separate engine, which is o beam-engine,
This also works the feed-pump. It will be seen from the illustration that tho large main eylinder has two piston-
rods, one passing on; each side of the small eylinder. The size of the large cylinder relatively to the small is greater

than ngnal in compound engines. Where the ratio of piston areas is usually 4 to L or less, it is here nearly 6 o 1,
The dimensions of cylinders are:

Diameter. | Strole.

Inches. Feel,
ITigh prosunre vuveeeeeiun. - 10 9
Low progsuro...eeaveee.. .. A4 g

o The stern-wheel of the vessel is 20/ in diameter and 297 across, with buckets 387 deep, hung on a hoxagonal
shaft 35’ long with journals 15 in diameter. The cranks are of wronght-iron keyed upon the shaft. The weight
of the shaft is 25 tons, “

Side- like stern-wheel boats are almost invariably driven by direct-acting inclined engines, and some of the
side-wheel boats are very swift. The “Guiding Star” has made 17 miles an hour with 1,400 tons of cargo, and the
“T, M., White” is even swifter. And while the stern-wheels are almost peeuliar to western waters, the stern-
wheel boats outnumbering the side-wheel boats about 8 to 1 on the Ohio, the inclined engines have in some cases
displaced beam-engines in steamers on the Atlantic seaboard, notably in the ferry.-boats of East Boston and
Brooklyn, whose engines were desigued by Mr, Oharles W. Gopeland.

In the West we find the regular steambont poppet-valve engines sometimes used on land for manufacturing
purposes. The.engines used on small boats are commonly adaptations of the land engines of the ordinary slide-
valve type with a change of v x}veh, the poppet eut-off being usually put upon the steamboat engines. Corliss or
rotary valves are not used, except in one or two cases of small hoats having engines with rotary valves.

While the stern-wheel boats are not used on the Atlantie seaboard of the United States, they have been built
there for South American rivers. Such a boat was the steamer ¢Tolima,” built by Messrs, Pusey & Jones, of
Wilmington, to ply upon the Magdalena river, New Grenada. This had two 13" diameter by 5’ stroke simple non-
condensing engines, with lndepeudent feed-pumps,
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BOILERS OF MISSISSIPPI RTEAMERS,

‘ Upon river steamers of over 1,000 tons flue-boilers of small dinmeter and great length are invariably nsed. Tho
following examples are given, name of steamer, number, material, and dimensions of boiler, and magimum pressure
allowed :

Name. XNo, ‘ Dimensiona. i Matorial, Lressure, Name, No. | Dimenstons, Matorial, Tressure.

s 3 St o8 35 4 e v e S _,..__...._..( ! vk s & e rb cne N .“,‘ s N e L S TR DIERIEEI PSRV [ . LT VIRIOND [ —
‘ Pounds. | Pounds.
F B AL Kohlow ceve e cinnasvnes [ 08 by 24 | Trom veenevvannns 160 | Ches, Py Chouleatioenees v0nl o 42 by 3% | Steel.c e 145
Thos. Shorlook. ..o vvinianan. G| 0% by 28 | Tron ad atoul. .. 150 WL Hallidny . oo oeniennennnn 8 424 by 30 1., .do L. m
R R, Springor coveeeeerensions, i 407 Dy 30 | Irom caeenn e 160 {j Commonwonlth «oiviiinenns, 4 074 by 28 | Tvom ... 150
Fred. A, Blanks ., G 427 hy 30 | Bletlievennnnanns , 17} || Gontennial 4 424 by 2% Lo.do L. 120
Chas, Morgan.... 4 407 by 28/ L[| Gity of ITelona... ld 447 by 20 [...d0 .. 138
Guiding Star. ... I 421 Dy 28 e il0 veviarinnan 170 §| Grand Lowor veawervsencnnes J o6 44 Dy 20! [ 0l0 vaannn . 12%
Unitod States.... 7 38 by 20/ {..do aeu reeas 146 || X, Tlohardson ..ooveveaun.s 0 427 by 32 | Stoolievivesnan. 173
Gen, Lytlo.eseseeins 7 YL 5 % L RN I+ 185 | AL Whitoeseenveenrannnaae] 10 427 iy MY | TOOD cavcnsvrmmanfenrenriannns
Tleetwood .couuas [ 4 471 by 807 | Stuolseasariennas 164 | Chompsoen 1omn .ovensvonse. ki 47 Dy 80 [ Q0 e veenen ! 150
WL X310 acanniveaen cnimnnnnas 4 42 by 307 ... 0 (aann Ceeenae 173 || Robort 8, Toeo vaen veinnaan 0 427 by 3 |.r 40 sevnen vennee 103
WyOmineenunenenarcianen e, 4 427 hy 26/ | Tron veveeennnns . 10 || NAtehoo cunvaiivvensiivainnn] 8 43 Dy 30 | Stoel eevineisnn. 160
Heonry IFrank . 421 by 8¢ | Stoolieesennas - 134 {| Robt, Mitohwll. ...... [ 407 by 28 | TUON cuanse vnanne 139
City of Vieksburg covuuennnena. 1 A4 Dy 200 | TOOR suvvearanens 120 1 Aunde 1, Silver.c.eeieeniens, 4 427 iy 82 | Bteol ves weviann M
James Toward....... riariannan i 407 by 807 [ooilo sanvanrnnnns 17 ]| Now Mary Houston .ooena 1 427 Dy 80 | THON vavaan vonnen 143
John A, Scuddor.... [} 407 By 20 [0 0 cevininnanns 105 || John W, Cannen veee. [P, ki 43 by 317 | Btoel...oo.s 173
City of Alton, ..... . [ 44 by 28 |...d0 .eens Cemaees 130 || UL P Selinnek voeveniiiinennd| A2 Dy 80" | IXON vernevnnen 148
City of Groenvillo.useesreninan, 5 4200 by 8 1 Stoel..eaeian 1

The two-flued type of boiler is the most nsnal form, but some have o greator number of flues, the ¢ City of
Helens,” for example, having four-lued boilers, - The usual thickness of material is §, although some of the above
boilers are of % iron. Of tho boilers enumerated above, 62 out of 173 are entirely or partly of steol,

In steamers of Class IT we find the same typoes of boilers, Tho-diametors in many cases ave no smaller, and
the reduced sizo 18 obtained by using shovter boilers, 24 and 26/ beiug common lengths, .

-In Class IT, 111 oub of 372 boilers are of steel. Most of the boilers have fwo flues, but there are many four-
flue Loilers.

EXAMULES OF TWO-TLUE BOILERY, EXAMULES OF FOUR-TLUS BOILERE,
Namo of vessel, No, ‘ Dimensions, Numn of vossel, Nuo. | Ilmonaions,

400 by 26§ Belle of demplis. o] 6 447 by o0

A
|

John B, Mauls....

e 4]
1O Stanaed..... [ 1 407 by 240 | Tldal Wave..oian veana| A 48" hy o
sello of Bhrovoport .ooeeed 4| B8 by 21 St CGlonoviove. ... siaeeinas 4 | 427 hy 24
Teon Mountain..ooooaannens i l 40 by 2870 || Colotado ceeeneneiannans veaes| 8 407 by 26/

In Class 111, although there ave foy river boats with tubulur boilors, excopting a number pecaliar to the vieinity
of New Orleans, there iy at least some toendeney in this direction, fluog being in some instancos mere numerous
and smaller, The fow ferry-boats with single ongines have, as a rule, short boilers, no move than 16/ or 18 Jlong.

- ‘The following are examples of five-flue boilers in the Saint Loeais distriet: ‘

E Nume, No. | Dimonatons. |
Bello of Ty Crosso, o, ea.f @ 407 by 2064
Sproad Eagloi.ceeeiorianesy & g by 20
Enst St Lo ceneereras o8| der vy s

ITehwo Behulenburg. ..-... 2 43 hy o

The Aues vary from 8 to 12/ in diwmeter. Tor two-dlue Dboilers the offective heating-surface in square feet is
about equal to the boiler-volume in cubie feet ineluding the flues, and the total heating-sarface is aboub 40 per
cent. move,  Tor five-tube boilers of 407 to 467 in diamoter, and 18’ to 20/ long, the numbor of square fect total
heating-surface is between 1.7 and 1.8 times the number of cubic feet totul volume,

Some boilers on this elass of steamers hiave more than five flues, Thoe “Thos. 1D, Fits,” of Nashville, has
twvo 40 by 18/ Loilers, each with nine 67 flues, The “Selkirk,” 119,08 tons, of the Galona district, has two 44” by
147 six-flue Dboilers, and the ¢ Col. Macleod,” 171.69 tons, has two 42/ by 22/ ten-tlue boilers. The ¢Aunt Betsy,”
160.61 tons, a passenger-steamer of Snint Paul, Minnesotn, hng one 62/ hy 18 locomotive tubular boiler, bub this
is exeeptional. The “XKitty Nye,” 12194 touns, plying inlawl from New Orleans, has a 48 by 183 locomotive-
boiler in which the pressure allowed is 115 pounds, Thers seems to be no insuperable obstacle to the nse of tubular
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Doilers on these viver steamers as they are used in similar service on tho Pacific coast, but the flue-boilers seem
particularly adapted to a low grade of fluel, a low grade of water, and a low grade of management, and have thus
maintained their uneontested popularity.

Of steel boilers in river steamiors of this class the following ennmeration is wmade: Saint Louis district, 34 out
of 239; Galena district, 20 out of 147; Nashville district, 2 ont of 22; Memphis district, 2L out of 70; Bvansville
distriet, 8 ong of 41; Lomsvxlk district, 22 out of 77; Pittsburg distriet, 88 out of 2863 Cincinnati (\Htm,t 58 out
of 130; Wheeling dlbtl‘l(&t, 21 out of 88; New Orleans distriet, 32 out of 161, exclusive of boilers of collstixlg'
steam LI'S.

Upon steamers of Class IV, flue-boilers with 2 or 4 flues make up the great majority, but there ave many multi-
flue and tabular boilers, altliough searcely any vertical.  The ¢ Jacob Tamm,” 02,36 tons, of Saint Louis, has one
48 by 18 12lue boeiler, and the “John L. Ferguson,” 79.81 tons, of Snint Charles, Missouri, has one 427 by 16/
Loiler with 12 tubes, The ferry-boat ¢S, O, Clubb,” 52,69 tons, plying between Saint Louis and Last Saint Louis,
has two 14-tlue boilers 42/ by 16.  The ferry-boat ¢ Reseune,” 57.79 tons, of Saint Louis, has one 587 by 18/ boiler
with 30 tubes, The passenger-steamer ¢ Pete Wilson,” 69,36 tons, of I)nbuque has one locomotive-hoiler 86/ by 8/,
The ¢ Pete Wilson” is a paddle-wheel boat with a 10/ by 12/ engine, but the ¢ 8, C. Clubb ¥ and the ¢ Reseus” are
scrow-propellers. The passenger-boat ¢ Philip Sheckel,” of Reed’s Landing, Minnesota, has a 42/ by 10/ hoiler,
with water Dack and sides.

Many of the smualler boilers have fire-boxas, In this class in Memplis district 7 out of 26 Loilers are specificd
as having fire-box boilers, The larger river boilers do not have fire-boxes, The usnal method of setting with
brick-work, and in many respeets like the sctting of stationary boilers, will be elsewhere illustrated, The
“ Madison,” 53.21. tons, of Louisville, Kentucky, has one 386 Ly 94 fire- 1)0\ tubular beiler. Pressures continue

- high in these small boilers, bub the averago is less than in thoe larger sizes, quite the reverse of the ease upon the
Atlantic seaboard, The paddle-wheel boat ¢ Katy Did,” 84,61 tons, of thtle Rock, Arkansas, has a coil-boiler or
steam-generator of four concentric coils, which iy allowed @ pressure of 210 pounds. The paddle.wheel Loat
“WilL Goose,” 70 tong, of Wheeling, ' West Virginia, has & coil- 1\011@1' which is allowed 190 pounds pressunre. The
“Wild Goose” has two 94" by & slide-valve engines, and the ¢ Katy Did? two 113 by 4 slide-valve engines, The
s Jessie,” 08.40 tons, o paddle-wheel steamer plying inland from New Orleans, hias one 427 by ¢ vertical tubular

- boiler.

In this class about 8 per centi of the total number are of steel, and in Classes V and VI there are few steel boilers,
The boilers of these latter elasses present few features of special interest,  "Where vertical tubular boilers are the
proveiling type upon small steamers of the Atlantic seaboard they are the exception heve, There are a great many
lire-box tubular boeilers, but simple two-due boilers are found upon gome of the smallest steamers. If anything,
the diameters of boilers increase as we pass from the larger to the smaller steamers, for some of the smallest have
boilers over G0 in dinmeter, while in the list of the largest steamers proviously given few will be found with
boilers over 42 in diameter,

DESCRIPTION O RIVER-BOAT BOILERS,

The simple form of flue-boiler commonly employed on western river boats, although not the most economical of
space nor furnishing the greatest amount of lieating-surface, is comparatively easy to build and easy to clean.
The latter is an importaut point in any boiler, but especially so if, as is the #wse on these rivers, the water is liable
to contain sediment and impurities, But the feature which more than any other served to establish the plain-flue
boiler in undisputed popularity is-its adaptability for a low grade of fuel. Coal is now much used upon the Ohio
and upon the large Mississippi river steamers, coal and wood being used in about equal quantities on the lower
Missouri, while on the upper Missourt and the Yellowstone wood is the only fuel to be had. ¢ Txperience seems.
to show that the Dbest results of the heating value of these fucls are obtained by mixing them in about equal
guantities in the furnace.”—(Bryant.) The river boilers arve designed with especial reference to wood-burning, and.
Tew steamers use coal exclusively, and the abundance of fuel in some sections makes the practice wasteful.

We cannot expect the best engineering practice until necessity demands it, and even then the methods and
proportions incident to wastefnl practice having the force of precedent may be expected to assert themselves long
after they have outlived their conditions of special nsefulness. Tho features peculiar to boilers adapted to a low
grade of fuel are such as might be suggested for & greater volime, both of fuel and products of combustion, for the.

swwme heat evolved., The grates mush bo large, and thoe fire -laes of the boiler must be largs relatively to the water-
spaces, for to furnish the same amount of heat a greater volume of produets of combustion must pass over the:
heating-surface. If, however, the draught be forced, we have the same resnlt with smaller flues. Dilute products:
of combustion, if we may so speak, are rapidly cooled, and low grades of fuel require relatively shorter and larger
flues and larger farnaces for the same heating-surface. ‘

The-following deseription of the furnaces and boilers of the % Montana? (whu,h may be mkm ag typical) is
given in the American Engincer by Mr, W, H, Bryant, of Saint Louis:

In general the furnaco and boilers on twestern river boats are placed about one-third of the boat’s length from the bow, While this
arrangement gives the best distribution of weight, it at the samo time renders it uecessary to carry the steam to the engines through a..
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long e.posed pipe, and serions condensation may ovenr hefore tho steam reaches the eylindors, This, howaever, aan bo largely roduced
by properly covering the steam-pipe. To remove this ditienlty slbogother, and also to seonre more room on the forward decks, the
boilers have in some eases beon placed noar the altor ond of the boab, eloso to the engines thomselves,  This, howover, gives such unegual
distribution of tho load upon the hull thab it hay not moet with general approvel,

The common type of furnace i use hag low ash-pits, grate-surface horizontal, and from 127 to 18" from sholl of Doilor, snd tho flamoe-
hed reaches from the top of the bridge-wall to the aftor ond of the boiler, not more than for 3 o 6 bulow the shell, In tho spandril
Listweon the hoilers, when more than one is get in the same furnace, tho combustion-¢hmmbor renchoy to within a fow inches of the water-
ling, Tt is lined with fre-brick only where the hoab is most intonso, red briek beinyg used evorywhore slse, Thoy dilier from marine
furnaces in buing mueh longoer, with ash-pits and long shallow combustion ehambors, level grate-surface j and must often e adaptod for
hurning particnlar kinds of fuel.  They also difter from the usual fypo of statienary boilers in not having combustion-ehambers as well
proportioned, and, in goneral, using some kind of artifieial dranght,  They diffor also from the locomotive farnnee fn having w stationary
grato near the heating-surfuce, return passages through hoiler, Jarge grato-surfnee, and high staoks,

The furnaco of the * Montana® may be taken ag o general type. Ity defuilod dimensions ave ns follows: The five-hox or farnace
proper is 147 high under sholl, and 377 high in spandril betaveen boilors, Tt is 17 wido (bheve being four boilors, 26/ long by 417 dinneter,
set in one furnace), G4 long to top of hridge-wall, and lined with five-briek.

The grato is hovizontal, 17/ wide by 4 27 Jong, 70.8 square feel of grato-sartues, The bars ave tho most eommm form, of orst-iron, .
having an ineh spaco longitudinally in center, making each bar voally two.  Tho bars themaolvos are held 17 npart by 3 lugs on ench
side, and are supported by east-iron bearing-bavs,  Thoe top of grate is 307 above main deok and 27 below bottom lining of lire-door,

Thero is no hearth- ov coking-plate, nor is any part of the grbo dend,

The moeuth-picces consist of doors, 18 wide by 14 high botween tho boilers, and Lalf doovs, 127 wide by 13 high, ou the outhonrd
sido of the outboard boilors,  Also a poker-door, 107 by 5¥ imumdint(\ly undor cach boiler,

Tho fire-doors are of cast-ivon, corvesponding to the openings above named and «low 1o thom, Thero are two or thme 7 liolog in

each door to admib ar above the fuel bed,

The furnaes front is of east-fron, mado in goveral piocos so as to 16 boilors, Tt rests on o 67 ly 107 wooden hopm athwoet docks,  Td
supports forward end of boiloraand grate, and ig lined wigh five-brick, .

The ash-pit iz tho spme width and lungth as the grato-surfnee, sad is 18" high to grato bars,  Tho wabior of sondonsation from the
exhaust steam in the long sscape-pipo hm\hng to smoko-sticks I8 Tun into the ashepit to putont the live partieles flling through the
grate, :

"The ash-pit doors are of sheet-iron, nnd are § in number, 3 Invge and £ small ones,

"Thio bridge wall, immediately behind the grate, s 117 high, ronchied by a slopoe of & hoerlzontal longth. It s suppovied, ’r.n;,oﬂmr
with the alter end of tho grate bars, by a spocial frame, and is lined with firo-bricls tiles,

The bed of the flame-chumber slopes gradually baek from tho bridge, whera it 18 only 3" Lolow the bofler-shell, to the M‘bm' ontl of
the boller, whore it is 6" below. It consists of rod briels Inid in and covorad by onrth, the whols heing nbont 4 thick, It is parforated
Ly the conmoctions of thoe mud and feed-water drums from each boiler, There s o 127 apneo bobwoen the after end of the boiler and the
end of tlie flame-chamber, where tho hot gases entor the flucs, The side-walls ave linod with common rod brlel,

There are no air-presagres other than thoso through the ashepit and Gre-doors,

The flues ave two, 20’ long by 15" in dinmoter, in ench boiler, oight i alls  No hafllors are over ngod, so far ag we know.  Tho smolke-
box or uptake, hero known as the “ bireeching,” receives tho gases (rom the efght lnes, and sxtends nll the way across top of boiler front..
It i3 aboub 247 wide and 2/ to & high, jeined at onch end to tho stacks,

The stacks, two in numboer, nre of shest-iron, not over vy thick and ¥ in dameter, Thoy are 40" high above hurrieano roof, and
5.3 eftoctive hoight above grate-aurface, Thawaelght of sach stnel ls horne by & 2 weought-ivon ypost vasting on boiler-hoams, and they

are held in position by wrought-iron guy-rods attuched ab proper heights,
' ‘Blowers, or the ovdinary steam-blast, arein common use to produee dranghb, butin gonoral the exhanst steam is diseliargod into the-
smoke-box, orbreeching, agin the locomotive., No datn can bo given to the cconomic value of tho oxhanst in giving additionsd dvanght,
but the practical results are good, ‘

No dampors are In use, the flue-caps and ash-pit doors answering theid purposo,

TILX BOILERS,

Btearbont hoilers ave sui generia, those in uso on woestern rivors ave espesially so,  Similar hoilors, similarly placed and conneeted,.
aro seldent mat with elsewhero, for they are oxpooted to stand hoarder straing and work under move Qiffonlt and trying chreumstances
than almost any othor class of boilers, The type of boiler now in nse answors all reqaivements aud gots along with loss attention, and
is Tess linble to aceident than any othier kind yot tried on the river, hence this type is refainad,

" Many years ago, when knowledgo of tho proporties of stenm way dim and misty ameng viver ougincers and firomen, and very higlk
pressures wero always earried, racing was common. - The disastrous results whicl so oftun followed led to the ennctinent of vory atringont
lawes governing the construction of river boilers, and to n vory goneral pvaiﬂdiuu, Both among the publie and viver mon, agninab cortuin
tlnsses of hoilors, particularly tubular and those of over 42 dismoter of shell,  So general is this fooling that, so far a8 it is ascertainable,
© 1o hoilers of those types are now in wse, except on boals built sud owned by uw governwment, ‘Tho groat amount of sediment in the wator
uo doubt led the closely-crowded fubular boilers to give tronble,

Through the kindness of the loeal inapectors at Saint Lonis wo are enabled to givo the following outline of the 1)1'iuc,ipul JERT S
governing the construction and working of river boiloms:

1. Beilers must bo tested at lenst once per yenr, by hydrostatie pressuro ; and thoe test appliod must exceed the \vm'klng-prowuu
allowed in the ratio of threo 1o two.

2, Five-lino must be ab loast 2/ below minimum watue-line,

3. Water-lovel must bo kept not less than 4 over flue,

. Feed-water must he so delivered as not to injure boilor when entering it.

5. Fusible plugs must be placed in el position ag to molt whon vatoer gets too low,

5, Boilers 427 diameter and 37 thickness of shell may bo allowed aworking-pressure of 150 ponads per aquare inchy and this.
standard will ho used in regulating pressuves allowable on all boflors,

7. Ench plate must bo stamped with the number of pounds tensile steain it will bear,

8. The working-pressure allowed must not exeood one-sixth of the tansile stvain of the sheets, unless the longitudinal seams arve.
double-riveted, in whivh case 20 pev cont, additional may bo allowed.

N b
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. The platoes of boilers exposed to the action of the heat must not be over 4" thick.

10 Tho ilues or tubes must have not less than 8" clear space between and around them,

11, Steam connection joining sets of boilers mnst have an area of opemng into cach boiler of 1 square inch for every 2 square feed of
-effective heating-snrface.

As will Lo noticed, thess rules impose limitations on river hoilers not meb with on any other kind,

River boilers differ from the marine type in being of less dinmeter, much larger, and in using flues instead of tubes. Their cost is
algo smaller, being of simipler construetion, ‘Thoy differ from the common stationary boiler in using large flues only, and in the variety of
pressures in use and work done, They differ from tho lovowmoetive-boiler in having no waber-space on sides of furnace, and having return-
tubes,

The boilers of the *Montana” are 4 in number, of the eylindrical, two-flued type. They are 26’ long, 42/ diametor, with flues of
15" diametor, and are connected together to form onv battery. They are made of C. H. No, 1 iron, and were built by D. W. C, Carroll, of
Pittsburg, Peunsylvanin, .

Tho shell is of 3" wrought-iron, The plates are 24/ in length, with 1% lap at cach end. Circumforentially they are single-riveted,
rivets 14 apart; longitudinally they are double-riveted, rivets 13" apart, rows 13 apart,

The ends ave flat, 3/ thick, flanged inward 3" to join eylindrical portion, rivets 13/ apnrt.

The steam-chest or dome is horizontally eylindrical, extending across top of hoilers, and is connected with cach one by a 14 leg
Its centeris 16” above top of shell, and it is 15/ long and 20" inside dinmoter,

The furnace is ontirely external, and has already beon deseribed.

There are 2 internal flues, 15" in diameter and of ¥’ wrought-ivon. At the after end the § end-plate is flanged outward, incasing
tlie projecting end of the ftue, to which it ig thenriveted. This areangement is supposed to offer the least hindranco to the passnge of the
Jiot gases. The top of tues is 17 helow top of shell, and the two flues are 18” bebween centers, leaving 3 oloar space between them.

There is 1 man-hole, 94 by 15, in the after end of sach boilor; its lower edgo is 1 below low-water line, 13§/ from top of shell,
“To strengthen the boiler o wronght-ivon elliptical ring § thick is riveted avound the man-hole, The man-holo cover is of enst-iron, aud
-of the ordinary shape, . .

There is o hand-hole, 4 by 6/, inthoe lower part of forward ond; its lower edgo i3 2 from shell, It is not strengthened in any way.

Thero i8 no superheating aren or apparatus connected with these boilers.

The feed appauatus is tho nsual ¢ doctor,” using the upright ontside-plunger rotary-pump. It has two sots of pumps; the first dvaws
the water from the river into the heater, and the second forces i6 into the boilor at a temperature of about 180° and a pressure of ofton
150 pounds per sqaare inch, The pumps are 5 diameter by 13" stroke, Tho Snowden heater, a type of open heater in eommon use on
western rivers, is here emplm od,

No surface blow-off is in use, but the ordinary bottom mud Dblow-off apparatus is attached to the mud-demm,

Two mud-drurms are usod ag sediment collectors,  Ono of thom is placed at tho second gheet from thoe after end of the boiler and the
-other just aft of the bridge wall. Tho feed-water passes through the after one, and tho former one iv used ag the principal blow-off, They
.are 15/ long by 164’ inside diamoter, with conter lines 207 below bottom of shell.  They are set up at right angles to center line of boilers,
.and are joined to each boiler by & eylindrical logs.

A copper steam-pipe, 6" dinmeter, loads from stean-drum to throttle.

The safoty-valve is of the ordinary weight and lever type, one on ench boiler, Each valve has an area of 11 square inches. Tho lever
As 4/ 3" long, notehed at intorvals, Thoe weight is 0 by 0} by 8, of cast-iron, and weighs 200 pounds, It is sot to blow off at 140 pounds
Jpressure por square inch, and its position must be 317 from fulerum, ov 27" from valve-stem,

Fusible 1)lugs are pub in top of Aues and in shell just below water-line.

Oneo pressure-gaugoe is placed ab tho throttle and one ab front of boilors for gnidanco of firemen.

Two Iinds of water-genges are put en ough boiler. The ordinary gange-cocks, ten on the four boilers, and one low-water globe-gauge
-0n cach,

The ends of the hoilers are strengthened by stay-rody juined to the shell, $wo ab each end of cach boilor, They ave 13" wrought iron
.and ondy are riveted to shell and boiler-heads,

) The only clothing the boiler has i8 o covering of red brieks lnid in gand, Tho spandrils above top of combustion chamber avo filled
with mortar,

Each boiler is supported by a 4" wrought-ivon ring, 8"/ wile, 1'1\'Ltc(1 to the boiler and resting on the beiler front, This in turn rests
«on o 6/ by 104 wooden beam, resting on main deck, At the aftor end of tho boiler the support comos through the muod-druny, whieh is
carried by cast-ivon legs, 3 by 5/, resting on o 5 by 12/ wooden beam, similar to tho one at the forward end.

Under the boilers the hull framing is much strengthenod,  Just under the forward and after supports ‘“boiler boams? and braees,
forming a truss, arve placed, and between a pair of deck-beams is fixed a pino boawm, 15" by 107, 15/ long, joining at each end to a curved
onk beam, 97 by 7, resting in o ghoe on the outer row of Dottom stringers. This end is tied to tho one on the opposito side of the Loats
by a wwrought-iron bar, £ by §. The weight of the beiler aud eontents is thug distributed more uniformly over the boat's bottom.

GENERAL DESCRIPTION,

NUINDEE OF DOILOLE. 4 eua wene i e aes cat s anm s smme e ss s suan vans vama masu rans sanans ssennsansnamuans 4
NULDDEL OF {UITNICOB annus summnrarroes camnns ssnnme sronss cnssnsasnsnsunsonanantt s nnas sanssnns snnsan none 1
LT 70 T g YUY - 1110 U LYc) SO 8 -
Total Neating-8urfiee «uvues emeerienaer i iirien snevne sreanannaeraman P RO (15 SR W3 1 0
Lffective Noaling SUIfiCo v sevses ceveosvenscimieian s cannmecnmne aeinesanannsnncne snonannee(00s  1,022,6
Snuare feet total henting-surfaco per square foot grate ares (ADONE) cmavarveem cirii i v cacin aans 20
Boest practice (SDoek) cvvnviissencas cnniiannnnn feteamme e « mmeweasensavnssannraennsnnnrarnneranens Q0 10 3D
Square feot offective heating-surfare per synare foob of grate aren. ... g 144
Sqnumfectcalonmetcrtlnoughﬂucs,.......m.........-.............................._................ 9,82
Square feeh grate-surfaco por sgnare footofsmno..-..........,...............,.........;.....-.......... 7.2
Best practice (Shoek) ... ... e mnatesan e e ae meenes tmmmes saeuasaransearartannaanasacnanneranasees D10 B
Seuare foet aron SEAEKE () 1 uu s ane s ieratt crnm e tais sonama taare s cnramm et nnaatann cm v enananeena 14. 14

Seuare feob grate-surface per 8quare 100t 0f BAO . - oot vaacui i e i e e it cee e e
Best practics (SHOCK) cvue samaiiis corriaracormanosersnsnrensmansannn sannnesnnssncnnmnaasss anasennnnnes 080 9
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Square feet ealorimeter over bridge.,..oov o.nt

. «
Square feet grate-snurfaco per square foob Of BN .. co v aus ceva e iasnaranrsanss cavesnsancny sonnnrsnsans snne 4,0
Best practice (Shoclt) coan ianaeecaamiinen toicns conmmacerssimavnians vemeen enns weunmmaannanan Vaevenanan Tto 8
{But with forced draft this must be less, and present proportions ave nearly corveet.)
Hoeight of stack above grate .cocvvvwevenvnvrnnan ORI (i1 T 53,3

Total cubic feot 86EATN POOM caee tuacmn cuieticna raertnnatecnmucnmnnn
Total cubic foet Wwater YOO cu e e e e avve cnas CeNeemctnnnrenaraena 4, 4
Same in United SEto8 gallon. . uu e e e casmas ca e srcmaesre o smmsus s asnanre tarats s senmas —ewea 2,208

~y
Total estimated woight of four boilers, wifh stenm domo and mud-Arums.. . veecvvaenne sennas e pounds.. 29,263,

D LR R v )

et anan 662, 26

e MNES MM NEWL PHE AN R MLR ARG ran

{The weight of other attachments to boiler will bring this np to 15 tons.)

6110 D 1T PP 1111 1T I MO A 4
Woight 0f rato. e cans vivnercanacnsnan

Weight of woter In DOTIOIS «ouvee v iian titiat sacres rmns tmammen sane sutonesncmatinesasausmnnssnnns do.... 18,800,4
Total weight of boilers, wuim' staclk, grate, ote...
Fleight of beilers from dock to top of shell .

Rt (1 SRR ({111}

ernimneraabn terans smmner asaranunayuuawunsennec0.0na  OF, (710

Nli)ll
Height of boilers from deck 10 1op 0f QOMIB.. o i it ir it it siviie i cmvase tnenrina vt cime v rnnncanannes QT
Tength taken up in vossol Dy DOIIOLS, 010 ceru vt ne iiir e carmmi et cinnnamn e mtca i ormrannsssnneiaeenes P
Loength, ineluding fivc-roont and onl-BiIl s cavae s eus cimint tuicms smnnananmumssuntes tassucsnnnonsnssnaarnnna 40
TVAED OF BAINEG oo iie s invmes femmmi sememusacunt cnenmr raunen tanuns smmonnseoinsbnosvansrnnwnesuonnserenn LG
Aren digplaced lll\OH.“jOl..... R DITRRY | TLLTED (IS (T T8

In the abovo deseription, the term ¢ furnace? is applied to a battery of seveval boilers.

The illustration, IFig, 34, exhibits two batteries or sety of river-hwoub boilers, the upper part showing two views of
the boilers of the “ Joseph B. Willilams,” and the lower part two views ol the boilers of the * Montana” These
represent the best elass of hoeilers on the Mississippl valley steamers, and ave very similar in gencral design and
arrangement, both having fumaces between the eylindrical boiler-shells and a like avvangement of breeching and
supports. Thoe six boilers of the “ Joseph B, Williams are 407 Dy 28/, of steel, shells 4%/ thiek, 174 pounds pressure

(1]
allowed, while those of the “Montana” are four in number, 427 by "6 , of iron, shells %% thick, 140 pounds pressure

Tou
allowed.,  The #“Jogeph B, Williams” ling two smoke- smcks, each 56" in diameter and 56 high.

The great relative size of boilers upon the Mississippi steamers is only with respect to the pressures, Actually
the low-pressure boilers of the Atlantic are upon average largor for the same tonnage than the river-boat boilers,
It in Class 11T, for example (steamers between 500 and 1,000 tons), multiplying the average boiler-volumes per
100 tons by the average boiler-pressures, wo have the following produets for thesoveral distriets specifled:

Cinlf distriot (Missigsippi)eecves cunrvara revann aeann rwrune RN 24, b8
Lower Qhio district.cos cvavennenn.n

et amaa man et ean s aunnn g aay bt yae e Asr 24, 230

TTppes QLD LIHEICE vacuancvives nisaviesann ey snun s sranas umme Wrme s eneuataansunn 41, 696
Baint Louis AISETOL «vvv nvve caensermns cnns smammuns sansessumahasanansronnss vhnunaonss 16, 670
Tpper Missiesippl UL covr vont sais coeiia v van o s smasan sunams svmmsransantonsasns . 14, 638
Paceilio district (with Columbin river hoats)......ax. P 14, 460
South Atlantic digtriet. cveeosiaminnnnninas N rkeemtemasne swaan Cemeresanean Wamamsees 12, 603
WWOSEELN o AISUi0b e an v e s asvn vunear s a e cunsmnnnonte corsnans puanemuret 12, 462
Taastern lako distriob coonuecewnceimne cnun vemeamane Chserrenaanuns 10, 984

MidA10 BEALEB QHEII0 e n e s avme s cws maumur taamct vorenemnusaauvensnnmessanmns seenanssns 10, 363
New Dnglond Gstrich oo coeinvenvsvarnvevs snensonanases

tre ammYacewasustausancaan nena 8, 1344

Where the “Dacotah ? and the * Montana,” of the Mississippi viver, with about 25 cubie feet eylinder (of engine),
each have about 1,000 cubic feet of boiler-volume, the ¢ Iarvest Queen,” of Golumbin river, Oregon, with tubular
boiler and the same prusum (140 pounds), has aboubk 670 cubic feeb of boiler-volume to about 35 cubic feet of
eylinder.

The arrangement ofboﬂors on the river hoats has been mentioned as requiring a greab length of steam-pipe. Tho
size of steam-pipe is a matter of engincering computation rather than a subject for statistics, but the saving in first
cost of steam machinery by the use of high-pressures on the Mississippi steamers may be strikingly illustrated by
a few comparisons, 'Where the main steam-pipe for the engine of the “Mary Powell” is 2/ in diameter, that of the
“Montana,” a Doat of about the same tonnage, is only 6/; that of the “J, B, M. Kehloe,” ono of the largest
steamers on the Mississippi, is only 7/ in diamoter, and that of the powerful engines of the ¢ J, M. White? is 127,
being uncommonly large for the Mississippi, while much smaller boats on the Atlantic have 15" or 18¢ gteam-pipes,

PROPORTIONS AND ARRANGEMENT OF STRAMERS,

While there are some swift boats upon the western rivers they are principally side-wheel boats, stern-wheel
boats not usually exceeding o speed of 10 miles an hour, although some state the maximum speed at 12 miles an
hour, The stern-wheel boats, as peculiar to this section and a3 constituting about three-fourths of all the river
steamers of considerable size, merit the clnef attention, but the side-wheel passenger-steamersare also an important
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type, their most characteristic featuve being the employment of paired engines of long-stroke ineclined from the
horizontal, Of the proportionment of large side-wheel steamers upon the rivers of the Mississippi valley as com-
pared with eastern practice, the following are fair examples:

Ratlo length | Ratio breadth

Name. Locality. Tons. | Length. | Breadth. | Depth | "5 undih, to depth,
Feet, Feel, Feet,
Jo M, White . vonmeiiincnanane Missigsippi river .vaneie.. 2,027, 70 312, 8 47.8 10.2 6, 55 4,08
Wawport.cvsneesmmrnssensran Long Tsland sound........ 2,151,561 342.0 43,0 | 140 7.08 3.07
Guiding 86 ceaveevienavnan, Ohio 1VOr vuasunnsenenenns 1,121, 97 304, 0 41.0 7.1 .81 5.86
LA Ry cacnrennnmenseonanmannne Long Island sound....oeat 1,008, 81 232, 4 85,4 114 6.50 3. 11
BostonA.cvarr cvnnsenmvonernes Olio THVOL secvveansencasas 003, 52 802.0 43,4 6.0 .17 7,99
Dantel DroW. veveseessnnnsons Hudgon DiVOer ceasnvevasnne 030, 35 260, 0 80,0 10,0 8.60 8,00

The “Bostona” has side-wheels 27/ in diameter and 16/ face, and the *“J, M. White” has side-wheels 44/ in
diameter and 19/ face.

The * Wyoming,” 1,034.15 tons, is one of the best examnples of a stern-wheel boat. It is 257/ long, 4556 broad,
6.3 deep; ratio of length to breadth, 5.65; ratio of breadth to depth, 7.22, The “Dacotah,” 056,48 tons, is 252
long, 488 broad, 5.5 deep ; ratio of length to breadth, 5,16; ratio of breadth to depth, 8,86, A third example of

_ a stern-wheel boat is one whose engines and boilers have already been illustrated, the ¢ Montana.) This has a
registeved tonnage of 959.47 ; length, 250’; breadth, 48/.8; depth, 6/; ratiolength to breadth, 5,12 ratio breadth
to depth, 8.13. The * Joseph B, Williams,” 801,91 tons, is 220/ long, 40’ broad, 6.5 deep ; ratio length to breadth,
5.5; ratio breadth to depth, 615, The “Mollie Moore,” 60L.70 tons, is 238/ long, 40’.4 broad, .2 deep; ratio
length to breadth, 5.88; ratio breadth to depth, 7.77. Scarcely any boats that ascend the Mississippi are over 107
deep, that being the depth of the “James Howard,” 2,321.44 tons, while the “J, B. M. Kehloe,” 2,203.78 tons, has
a depth of only 8.5, and the great majority of hoats are less than 7/ deep. The draft of theso boats, when heavily
loaded, is a good part of their depth. The *Montana,” 6/ deep, draws b4/ of water (with & load of 1,300 tous).

Glancing over the data of the above hoats, we notice that the ratio of breadth to depth is usually greater in
the stern- than in the side-wheel boats, Thus for five stern-wheel boats it is 8,86, 8,13, 7.77, 7.22, and 6,15, while
for three side-wheel boats it is 7.23, 586, and 4.68, The ratio of length to breadth is also less in the stern-wheel
boats, being 5.88, 5.65, 5.5, 5.16, and 5.12 in five cases, while in three side-wheel boats it is 7.31, 7.17, and 6.55.

Stern-wheels are of smaller diameter than side-wheels but of great relative width. Upon stern-wheel boats
the Doilers are placed forward in a position similar to that usual upon side-wheel boats, but ag the machinery is
placed so much farther back in the former, it is sometimes balanced by placing the Loilers farther forward, The
stern-wheel construction saves a great weight of wheels and housings, and under the sameo load and with vessels
of gimilar length the stern-wheel boat will draw only from half to two-thirds as much water as the side.wheel
boat. It also affords more deck-room and is better adapted for freight service,

"It is also said that in the elements of speed and adaptability for passenger traffic the latest stern-wheel boats
approach very nearly the best side-wheelers. The ¢ Montana ” runs from Saint Louis to Pittsburg and return in
about 18 days actual running time. This may be very good time for a freight-Loat, but it could hardly be called
high speed. Western river steamers are flat-bottomed boats, more or less earefully modeled, especially near the
stem, and with o shear at the stern to facilitate backing and steering, as several rudders instead of one have often
to be used upon boats with square sterns. ‘

Of the sterh-wheel steamer “ Montana,” the weight of hull (of oak and pine) is estimated to be about 810 tons,
and an iron hull would probably weigh less than two-thirds ag much. The bottom of the Loat iy slightly concaved
near the stern, which is of advantage in reversing and increases the efficiency of the rudders in going forward.
The keelson is entirely within the hull. The ¢ Montana” has four rudders, two balanced rndders near the middle
of the stern and two wing-rudders, one near each corner. The wing-rudders are 6/ or 8 long and 6/ high, The
displacement of the “Montana?” is about 594 tons when drawing 18/ forward and 267 aft, and about 1,855 (net)
tons when drawing § 2/ amidships under a load which causes the guards to touch water,

The arrangement of hog-chains and braces is in several systems of trusses both fore and aft, and across decks
in some steamers. In Fig. 36 is shown a deck-plan of the ¢ Montana,” exhibiting the arrangement of boilers and
engines and the positions of eight fore-and-aft trusses, beside the trusses which support the timbers bearing the
stern-wheel. The ¢ Montana” has no cross-deck systems, but has an additional system of fore-and.aft trusses on
cach side, which is commonly dispensed with, Side-wheel boats have these eross-deck trusses to support tho
guords and wheels, and many wide stern-wheel boats have them ranged about 20/ or 30/ apart. When a steamer
is improperly loaded, or when, as is often the case, she gets aground, an immense strain may be brought upon these
hog-chains. The flat bottoms of the boats are also designed with reference to their being stranded.

In Tig. 35 is exhibited a sheer plan of the towing-boai ¢ Joseph B. Williams,” showing the wheel, engines,
principal boilers and smoke-stacks, and other details, The smoke-stack of auxiliary DLoilers for supplying steam
for the engines of four steam-capstans is seen near the main engines. This boat is smaller than the ¢ Montana,”
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but it has very powerful engines, It carries 4506 tons of coal on deck and consumes 27 tons a day as fuel.  The
towing capacity of the *Joseph B, Williams?” is very remarkable, and illustrates the value of free inland water-
ways and the comparative cheapness of river transportation when contrasted with coasting trafiie, In Tig, 36
are shown three plans of steamers, one of a stern-wheel river boat somewhat larger than the * Joseph B, Williams,”
while the others are of two Reading colliers—the ¢ Derkiomen,” which carries 1,200 tous, and the ¢ Pottsville,”
which carries 1,650 tons of coal. The difference in plan itself presents o striking eontrast botween river and ocean
practice. Upon the plans of the colliers, the large rectangle incloses the machinery and boiler space, with the
smoke-stack., Smaller rectangles show tho hatches, and very small circles the masts, The pilot-houses are also
shown, and the numbers of tons accommodated. by the several cargo spaces Letween tho dotted cross-lines are
marked in figures. In a year’s time the ¢ Perkiomen” made 41 voyages, earrying about 50,000 tong of coal and
running in all nearly 39,000 miles, In a year the ¢ Dotisville” made 41 voynges, carrying about 69,000 tons of
coal and running in all nearly 33,000 miles. Bub thoe “Joseph 1. Williams,” in & single trip from Louisville to
New Orleans, towed 32 coal-boats and barges, carrying 23,000 tons of coal, in ono voyage transporting as much ns
the ¢ Pottsville” would have done in one-third of a year or the ¢ Perkiomen” (n boat of greater tounage) in more
than half a year. The ¢ Pottsville” ¢ cleared” L1 acres of 4/ coal-seam in ono year, but the “ Joseph B, Williams”
“cleared” about 6 acres of 4/ coal-seam in a single voyage,
Thoe averagoe rato of freight received per ton of coal by the Reading colliers was as follows:

Yean Rato, Yo, Rate,
1872 "R} 1878, icne cnnnnnned #1008
R T 1 S Togue LY i R, 1
L7 S, 180 1878, eenen 013

1875, caivrraranan . 115 1879, ... 10734

The freiglit-Lill for this trip of the “ Joseph I3, Williams ¥ amounted to $11,500, or 60 cents per ton of conl.

Of a smaller stern-wheel boat, & good illustration is farnishoed by the ¢ Tolima,” a boat ghown in plan and
clevation in Fig. 44, This boat is 100’ long, 24/ broad, and 8% deep. It earries in all 50 tons on n 1/ deaft, 100
tons on a 2/ draft, and 160 tons on a 3/ draft. It has a locomotive tubular boiler and & knoek-down smoke-stack,
being built for South American river service, ‘

There are many small ferry-boats upon the smaller rivers, Theso ave sometimes propellers, but olten sido-
wheel steamers, The snag-boats are somaetimes storn- and sometimes side-wheel boats,  Thero are in the Migsissippi
valley comparatively fow steam. boats of amall tonnage,

LAKL STEAMILRS,

DISTRIBUTION OF THE SERVICI

The {following groups of sieamers will specify the locality and churacter of the servico comprehensively and
with as much detail as the subject conveniently admits: :

Steamers, Btommoers, Lony, Engines, | Cubio fent.
Stenmors making long trips hatween the principal eitics, Buffalo, ¢ 44| 62, 76L00 061 2,670, 00
Chicage, Milwaukes, Duluth, and Dotroite i wy |18, 718,80 o B8, T8
Plying bobs ; ( sl o 3 1071
Tying botwoen Ogdenshurg and CRICREO cune ncovsavnevaerararaves i 1 0,00 1 0.5
{ 1 G, U8 2 44, O
st Iyi tho Tineis plver. (Sen also Misabssipp. | N I o I
Steamors plying upon tho Ilinois rver.  (See also Misalssipp i ) =
viver ﬁtl}lllll()l‘ﬂ i‘uIr boats plylng belew Peorin,) N R T v N 1 170
1 i1 1 4, 83
g 64,78 G JH]
2 208, 85 & 10,46
[ 7 654,07 i 16.0%
Dlying upon the Saint Lawrency viver, not othersise spoeified... l M @70, 81 P b RT
1 130, 68 7 2,85
[ 4 550,71 T 10, 25
i 24 20, 0L
Plying in the vieinity of Chicagoe and Milwaukee, inoluding canal | 8 62,77 10 =0.
Brvion, Y F ' : d0 ! 1,400 g2 | 10882
28 401, 08 30 9, 68
[ 8| 088,08 4 28, 03
Plying in tho vielnity of Buflulo and Erio and wpen tho Niagarn | 6 A8, 62 6| L4t
river, 14 402,90 16 26, 87
a0l oLm w| e .

@ Tho hieaviest part of the trafiic Is betwoeen Buffalo and Chicago, buk many of thelarge stonmers also run to Duloth, and stop at Milwrukos ov at Dotroib,
It is neodless to remark that those ave the largoest and most mportant stenmers upon the lakes.
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Stoamers. Steamers. Tons, Eugines. | Cubio foet.
Plying from Buffalo and Erle to Now York (cannl serviae)..-..ceas. 26| 3,418.53 20 83,590
4 1,428, 42 4 147.91
Plyiug upon lake Saint Clair, the Detroit river and vicinity as [ 7 408, 02 7 9.83
Tar o8 Sandusky, 1 8 804. 20 8 1%, 86
16 183, 00 16 8.08
. 9 2, (88. 92 13 81,02
Plying upon and from Green bay and tributaries ...... [ B { ll’: L 3;:; ‘;g i: gg ﬁg
22 848, 21 28 14,69
8 1, 800, 83 3 134,00
J 24 6,052, 72 26 168,71
Plying mainly along the east shore of lake Michigan...... vevenna 14 053, 01, 16 45, 86
[ 28| 1,020.05 32 02. 62
38 6§67, 17 42 26.10
[ 3 720,18 3 16,40
1 75,00 1 2,05
Plying mainly along the wost shoro of lake Michigan, north of
Niliva koo nid Bouths of Groon bay. £ 1 1 95,41 1 .05
3 26. 80 3 2,24
1 1,158, 33 1 14,78
Plying mainly in the vieinity of Grand Traverso bay and tho 1 835. 64 1 12.28
stenita of Mackinaw, and to the flshing grounda, 1 87.37 1 5,97
: 18 587, 10 21 28, 44
32 513, 24 34 14, 64
4 2,402, 05 B 118. 28
. 17 4, 774.70 19 210
Dlying mainly on and from Thunder and Snginaw bays....eee... . 11 893, 00 14 43. 60
] . 11 870, 14 11 17. 41
23| 836.20 2 16, 14
2 024, 14 2 4L 47
Plying upon lnke Suporior, not othorwiao specified. cveyusneean . [ 9 580, 14 1 43,15
] 1 474,68 16 20,90
23 284. 06 24 12,80
1 1,124, 53 1 205, 20
1 043, 14 1 105, 50
Plying upon Inke Champlain.eivesssncersvsvorseanaaeyacncen S 4 750. 41 1 98, 87
7 455, 80 7 42,10
2 70,20 2 2.81
1 102.70 18 8,50
3 88128 3 156. 08
Plyin ﬁﬁiom Ogwoego and upon lake Ontarlo, not othorwise 3 234, 44 3 6. 11
speoitied,
pootiec sl emner 0] st
. 17 228, 83 18 11,66
r 4 4,746, 71 5 198. 18
5,146, 25, 2
Plying from Ohleago and Milwankeo, not_otherwise specified. 8 148,67 o 425,28
uglt steamers are engaged in g general lake service, which oan 8] 8 000.80 8 140.28
not be more distinotly detniled, 4 961, 85 g 17. 03
[} 215, 95 7 .73
4 78,07 4 8.70
r 11| 18,057.25 16 834. 14
12 8, 420,77 12 885, 34
Tlying from Detroit and Tolede, not otherwise specifled ......... J 42| 10,322.84 48 605, 88
b 408, 86 1} 20, 04
1 84.85 1 2,05
17 202, 17 17 13,08
4 2, 603. 63 [ 690.15
. 21| 5,008 78 21| 155.88
Plying from Port Iuron and Algonae, not otherwise specified.... 4 328,01 4 6.28
’ 1 36.70 1 2,05
8 82.77 3 0.88
2| 275238 3 120. 60
8 6,088, 80 10 143. 80
Plying from Cleveland aud Sandusky, not otherwise specified. ... d Bl & 410.85 2 168,79
0 608, 77 10 28,43
18 048, 74 .20 37. 61
20 270,04 20 19,10
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Steamors. Steamera, Tons. Engines, | Cuabie foot,
20| 25,044, 59 28 760, 68
[ 6 8, 349.12 ] 75,60
I’lyin% from Buffalo and Erie upon the lokes, not otherwise | ) 2,545,21 18 133,30
apeciflod, 3 2 151,16 9 9,17
! 2 88. 87 2 4,08
3 60. 07 ] 4,08

To the casual observer in glancing over these figures it may appear that the aggregato cubic foet eylinder
capacity of engines in certain groups is sometimes disproportionately large compared with other groups of steamery
of nearly the same aggregate tonnage. - This is an indication of the larger employment of long-stroke paddle-wheel
engines, while the smaller relative cylinder-capacitios are peculiar to short-stroke engines driving serew-propellers,

ENGINES 0 LAKE STBAMERS.

If compound and condensing engines be considered the standard of economy, the most advanced American
practice in marine engines is found upon the large lake steamers, The following tablo prosents by ports of inspec-
tion the numbers of engines used in propelling steamers of over 1,000 tons, the numbers of compound, simple-
condensing, and simple non-condensing engines, and the numbers of engines nsed in driving serews and paddie.
wheels :

Typo, Vaed b delving-
No. of = o
TPort of inspection, o
gines. Stmple- | Non-oondlen-

Compornd. | 0!118“\ " Sl 2. Paddle-wheol | Sorows,
Buffnlo.sesmessoevancarnnnas 04 48 18 3 0 0k
Clovoland svucuriinennssrans at 2 15 q 0 a
Dotrolbicesseiiasennsansraan 20 8 12 2 H] 17
MIWAUKOO ausewseanss [ 3 2 1 0 b
Chloago..... Venesseonunaens q 1 ] 0 1] 4
Tort IINron.cuueesmrevivnns 3 3 0 0 4 b
Marguotts ceue. [P 2 p [ 2 0 [ 2
Burlington. eeeeeesn s uerens 1 0 1 0 1 ]
Grand JIaveR.cvenenens was [ (1] 0 1 ¢ 1
Totaliuenivsinnncrarvann 120 [} 48 11 & 110

In the relative showing of eompound and condensing engines on large steamers, no other section of the United
States will compare with this., Thoese boats are almost invariably freight-boats, and as finely-built engines are put
into them as into the finest passenger-boats, They make long runs and earry heavy cargoes, and economy of fue)
is a more important consideration than upon the rivers of the Mississippi valley. The passenger-boats are more
commonly of the side-wheel type with beam-engines, although some of the large propellers do n mixed freight and
passenger traffic, .

The compound engines are mostly of the steeple type, the high-pressure cylinder being placed above the low-
pressure eylinder, bub in other cases tho cylinders are placed fore and aft, as is wsual upon the Atlantic seaboard,
In most of the steeple engines the high-pressure eylinder is made half the diameter of the larger eylinder,

Iixamples of steamers with fore and aft compound engines: The “Thos. W, Palmer,” 1,096 tous, of Dotroit,
i3 205'.8 long, 34/.5 broad, and 17°.7 deep. It has one 277 and 44/ by 40" ongine, the smaller eylinder forward,
The steamer “Amazon,” 1,406.87 tons, had twin screws, driven by double compound engines 20 and 40/ bores by
307 stroke, These engines were built at the Ouynhogn works in Oloveland. The twin screws were 8/ 97 in
diameter, and 13/ in piteh,

The following are exampley of steeple compound engines: The “Boston,” 1,820.52 tons, is n steamer 263.2
-long, 36/ broad, 15’4 deep. It has two steeple compound engines 207 and 40/ bores by 42" stroke. The steamer
“Wocoken,” 1,400.37 tons, of Cleveland, has a 30" and 56 bore by 48/ stroke steeplo compound engine. The
propeller-wheel is 11/ in diameter and 154 in piteh. ‘ '

The “Waverly,” 1,104.02 tons, iz a steamer 191.2 long, 337 broad, 1345 deep. It has one steeple-engine 247
and b4 bores by 36/ stroke, driving & propeller-wheel 11/ in diameter and 15/ in piteh, The stenmers ¢ Delaware”
and ¢ Conestoga,” plying between Buffalo and Ohicago, have each one 247 and 487 by 48 steeple compound
engine, driving a screw 11/ in diameter and 15/ in piteh,

The new steamers Oity of Rome” and ¢ Cumberland” have compound engines with cylinders fore and aft,
dimensions 32" and 60" by 48/, driving propellers 12/ in diameter by 143 pitch. For most of the foregoing
steamers there are double feed-pumps, each having a 5/ planger with 87 stroke, and an air-pump 26 in bore by
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14 stroke, Sixty-five to 75 revolutions per minute is the ordinary speed of engines, and the steamers aro slow,
making 8 or 9 miles an hour with a coal consumption of about a ton an hour. The usual dreaft of these steamers

is 18’ or 14/ on the even keel.

The following description is given of tho steeple-engines of the Buffalo” and the ** Chicago,” of the Western

-
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Transportation line, These engines were huilt at
the Globe Iron Works, Cleveland, in 1878-'79,
The « Chieago,” 1,847.87 touns, is 265/ long, 364

“broad, and 16.4 deep. The ¢ Buftalo,” 1,7062.85

tons, is 206848 long, 3549 broad, and 1(+.2 " deep,
8 '

The engines are identical, two with four exlinders

upon eacli steamer, They have rotary-valves and
the general arrangement is illastrated in Itigs, 37
and 38. Tig, 37 iy a sketeh in skeleton designed
to show more clearly the connections of tLio mov-
ing parts and of the valve-gearing, Inthis figure
fixed bearings are indicated by open civeles and
the framing is not drawn. At the right is indi-
cated a hand-wheel with & scrow operating @ sec-
tor of & worm-wheel upon & rock-shaft, by which
the link may bo shifted. Ab the lefb the pir- and
feed-pumps are shown. The other figure shows
the exterior appearance of the eylinders and con-
nections. Sinee,for the sukeof elearnesy, shading
and details of the supporting frame are omitted,
it ought to be said that for handsome and thor-
ough workmanship these engines arve to be highly
commended, In tho figures only one engine is
shown in gide view, there being two engines com-
bined, two 207 by 40 eylinders and two 40/ by
40" eylinders. The high-pressure eylinders cut
off at 8, expanding 32”, Thero are two adr-
pumps, each 227 bore by 12/ stroke, and two
double-acting feed-pumps, each 4/ in diameter by
12 stroke. )

At an engine speed of 80 revolutions per minuto
the speed of steamers is 10 miles an hour, The
coal consnmption does not probably exceed 2§
pounds per horse-power per hour, The draft of
the steamers is 167 on thoe even keel. ‘Che engines
and boilers weigh about 100 net tons.  All of the
bearing surfaces have brass boxes instead of the
cheaper expedient of Babbitt metal,

. Ofthesimple condensing-cenginey for serew pro-
pulsion upon the lakes perhaps no better exam-
ple conld be adduced than the double engines of
the I, 13, Iale” and “Qlydon.”  The 1. 13,
Fale,” 1,186.15 tony, of Cleveland, is & steamer
217.3 long, 34'.8 wide, and 17,0 deep, Ithas two
36" by 36/ inverted engines, These were built
by the Globe Jron Works and have slide-valves.
They have two 237 bore by 127 stroke single-
acting air-pumps, and two 4/ by 12/ donble-
acting feed-pumps. Tho engines make $0 revo-
lutions per minute; the speed of vessel is 10 miles
an hour, consuming about 1,400 pounds of coal

per hour. The engines and boilers weigh about 80 net tons. The draft of the steamer is abous 14 on the even

keel,

‘The steamer ¢ Commodore,” 2,082.02 tons, plying between Buffalo and Chieago, has two 2247 and 48/ (qittlnetex‘S)
by 37 stroke compound engines, driving a propeller ~wheel 12/ 8/ i in diameter, said to be the largest propeller upn

.ake. Michigan.
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The steamer ““Transport,” 1,594.93 tons, has four 28" by 48" condensing-engines.
The “Vermont,” 1,124.53 tons, plying on lake

- Champlain, has one 56" by 12 beam-engine. The “City of
Cleveland,” 1,221.98 tons, of Detroit, has one 50" by 11/ beam-engine; and the “Norvthwest,” 1,109,19 tons, has one
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60" by 12/ beam-engine,  Jot-condensers are nsed
with all of these beam-engines,

Upon steamers of Class II, of 77 engines 7 are
compound. (all these being upon steamers in-
speeted at Buftalo) and of the remainder about
half are non-condensing engines, Nearly four-
fifths of them are short-strolke propeller engings,
and the rest mainly beam-ongines.

Upon steamers of Olass 111, of 248 engines
18 are compound, soveral of these being wpon
boats of tho Trie canal, Tho non-condensing
engines eonstitnte about two-thirds of the re.
mainder.  Many of the condensers are used
with beam-engines, The serew-propellers out-
number the paddle-wheel boats. about 7 to- 1.
Tho «Rclief,” 267.33 tons, & towing-boat plying
from Tonawanda to Lako Iuron ports, hag anon-
condensing engine, ono cylinder 25 lore, 2007
stroke, with two pistons,

Upon steamers of Clags IV all of the engines
are simple non-condensing except 6 compound
engines, The tug-boat “Brilliant,” 66.69 tons, of
lake Chemplain, hagone 177 and 853 by 22 eom-
pound engine. The passenger-boat “Orizaba,”
76.26 tons, plying from Buffalo to the North-
wogtern Iakes, has one 15/ and 28 Ly 16¢ com.
pound engine, The “Mystic,” 74.90 tons, of
Jirie, hag one 9 and 16/ by 12/ compound en-
gine. Tho canal-boat B, and 0.,” of Chicago,
09 tons, has two 74 and 147 by 127 compound
engines,  The canal-bonts “M. Taleott? and
¥ Advanee” also have compound engines,

‘While most of the small boats are propellers,
gomo have side-wheels, with little distinctive
change in the type of engine, Thus the little
boat ¢ Julia 2d,” 6 tous, of lake Champlain, has.
sido-whoeels driven by an 8 by 127 engine,

The propeller “Jennie A. Sutton,” 2538 tons,
plying Dbetween Tl rapids and Traverse bay,
has o 10 by 107 simple non-condensing engine,
and a 4/ (dameter) propeller which, under 80
pounds steam in the boiler, makes 205 revolu-
tions per minute. The *Valley Mil]s,”- of F.‘-Ieve-
land, is o paddle-wheel steam. scow. ITts dimon-
siony ave, length 70/, breadth 13/, depth & It
has two 67 by 327 non-condensing engines, and
a 4/ Dy 9 tubular boiler, It plies over a 12-
mile route on the Cuyahoga rvivers Awmong
tliese small boats one will look o long way to
find a condensing-engine, but a faw hoats have
them, The  Bonnie Castle,” 4,75 tous, plying
on the Saint Lawrence river, has one 53 by 8"

condensing-engine. The yacht “Truant,” 32.14: tons, of Detroit, has a 9 and 16" hy 187 con}pm‘md engine, un%
a patent vertical boiler & by 9/ (high) of stecl, Tho “Sylph,” 8.86 tons, plying upon Detroit river, has a Ldf

by 6” trunk engine. The yacht “Maud Lille

stroke oscillating engine.

y,” 13.79 tons, of Grand Haven, Michigan, has an 8 diameter by 6"
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EARLY EMPLOYMENT OF OOMI’OUNb ENGINES ON THE LAKES,

In 1850 the engines of the ¢ Buckeye State” were built at the Allaire Works, New York, from designs by John
‘Baird and Erastus ‘W, Smith,* and the following year the steamer was put upon the lake route between Buffalo,
‘Cleveland, and Detroit, and, having compound engines, consumed less than two-thirds as much fuel as a steamer of
‘the same line having a single-cylinder engine. The “ Buckeyo State” had a beam-engine of 11/ stroke, compound,
:a high-pressure cylinder of 87/, and outside of it like an annulus a low-pressure cylinder of 80 diameter, the
low-pressure cylinder thus having about 3} times the area of the high-pressure cylinder. The pistons were con-
nected with one cross-head (something like the Hartupee compound engines) and the remaining mechanism was
similar to that of ordinary beam-engines. The engine is stated to have been the first compound vertical beam-
-engine built for marine service, and its early employment upon the lakes seems to have been a lesson not lost
upon lake practice. Other compound beam-engines were built (for Hudson river service) having a second eylinder
gomething as in the engines of the ¢ Liouisiana,” but all bave now gone out of use. The beam-engines of the lakes
and the side-lever engines of the ocean were soon crowded aside by screw propulsion, with its short-stroke
«direct-acting engines, but upon the lakes the componnd principle seems never to have been lost sight of.

BOILERS OF LAKE STEAMERS.

" On steamers of Class I nearly all of the boilers are return-tubular, either of the fire-box or marine type, gen-
-erally the former. The ¢ 0O, J. Hershaw,” 1,323.95 tons, of Milwankee, with one 48/ by 3/ condensing-engine, has
-one 9% by 18/ eylindrical flue and tubular boiler, ealled of the marine type. It has geven 13/ and tiwo 94 flues andl
-one hundred and sixty 3" tubes. The area of safety-valve is 28/; the pressure allowed, 50 pounds, The feed is
heated to 100° Fahr., and one 43/ by 12/ feed-pump is employed. The “X, B, Hale” hasg one 12/ by 18 tubular
‘boiler, with two furnaces, 70’ of grate- and 8,300/ of heating-surface, about 14 times as many square feet of heating-
surface ag total cubic feet of volume. The “Buffalo” and “Chicago” have each two 8/ by 16/ compound cylindrical
tubular boilers, with fire-boxes and two furnaces to each boiler, For the two boilers in each vessel the grate-surface
is 100 square feet; effective heating-surface (below water-line), 3,346 square feet; ratio of heating-surface in square
to total volume in cubie feet, about 1.8.

Torty-three out of one hundred and eighteen boilers are of steel, or have steel shells, some boilers having steel
shells and iron furnaces. The steamer ‘Transport” has four 9 4 by 16/ fire-box cylindrical return-tubular boilers
-of Otiy steel. The thickness of shells ranges from %/ to §/, and the boiler-pressure allowed from 36 to 113 pounds
per square inch,

Of Dboilers upon steamers of Class II, about 5 per cent., are of steel, or partly of steel, some having steel furnaces
-or fire-boxes and iron shells. The fire-box return-tubular is the usual type, and the ordinary range of pressures
-allowed is from 40 to 90 pounds. Theo steamer “Iron Age” has a wagon-top boiler.

Upon steamers of Class ITI fire-box and return-tubular hoilers are the prevailing type. There are a few direct-
-tubular boilers, and out of a total of 244 about 30 vertical tubular boilers, 25 of which are upon boats inspected at
Buffalo, and mainly in the canal and freight service, One boat, 336.10 tons, of Green Bay, is specified as having
two 54/ by 12/ vertical boilers, without tubes or flues. The new pagsenger-steamer ¢ Grace MeMillan,” of Detroit,
‘has a registered tonnage of 312, one 32" by 10’ beam-engine, and one 9 by 16/ cylindrical arch-flue and return-
tubular boiler of Otis steel. The shell is " thick, and 58 pounds pressure is allowed, -The vertical tubular boilers
-upon the canal-boats are from 37/ to 57" in diameter and 9/ to 103’ high. Some of them have automatic feeding
-attachments, and are known as the Wright automatic self-feeding canal type of boiler. Less than 10 per cent. of
the boilers of this class are of steel, and nearly all of these are the vertical tubular boilers upon the canal-boats.

The return-tubular type holdsits own evenr upon steamers of 25 tons and under. .Among the smaller steamers
there are of course a considerable number of vertical and locomotive tubular boilers and occasionally a wagon-top
-or other exceptional boiler appears in service or a return-flue boiler borrowed from river practice, but these cases
are unimportant, I do not know of a rectangular boiler upon the lakes, Steel boilers are the rare exception,
The canal-boat #Whale,” 88,99 tons, of Chicago, has one 44/ by 12/ 6/ locomotive-boiler; thickness of shell, &f%";
‘material, steel; pressure allowed, 130 pounds, The canal-boat ¢ B, and 0.” has a 54/ by 11/ vertical tubular boﬂexj
-of iron; thickness of shell, #%//; pressure allowed, 142 pounds, These pressures are much above the average.

A number of the small boats on Lake Champlain have vertical tubular boilers, The “Little Nellie,” 15.57
tons, has a 43/ by 64/ vertical tubular boiler; thickness of material (iron), #/; pressure allowed, 70 pounds; safety-
‘valve area, 4/.4. The feed is heated to 180°, and an injector and a 3/ by 4’/ pump are used.

PROPORTIONS OF LAKE STEAMERS.

'While the practice in the employment of engines upon the lakes may be considered to be highly advauced,
-until recently but very little attention has been given to the modeling of large vessels, and the large freight-

* Erastus W, Smith was the designer of the engines of the ¢ Bristol” and ¢ Providence,” and other notable steamers,
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boaty have been described as boxes modeled only at the ends, Of a large freight steamer, tho “Wocoken,”
recently launched, it was said that her model was unusually fine, more like an ocean steamer than o lake vessel,
showing that the models of lake do not commonly compare with those of ocean steamers, The principal dimen-
sions of some of the large freight propellers are as follows : '

Nameo of vesscl, Longth. Breadth, Ihepth,
Faat, Feet. Feot.
f LT LT 200, 9 40,0 16,0 \
Commotlors cuevaesnasns saseus 206, 4 42,2 15,4
TV0COKOM vanevennnsannns 251, 6 87,8 18,6
Conestogn vevvan. wianereaene 5% 8 80,0 16,2
B B Halo ciesinne badsnaennas 2078 .8 1.4
Honry Chisholm waesueaniiae, 236, 5 80,8 20,8
Bultalocvenveesannncananaasin, 248, 8 35,0 16,2
Philadelphitceveencivancesras 230, 0 B4.8 - 140
Colorado sassemmunvmmunsavess 254, 0 85,0 18,0

For the average of these, the ratio of length to breadth is 6,75 and the ratio of breadth to depth is 227, In
point of depth they stand intermediate between the river and ocean steamers,
The following are examples of Chicago canal-boats: ‘ ‘

Length. | Broadth. Depih,

ool Feal, Feel,
B (17 O O 0% 0 1.4 ' 7.0
AdVANCB st runvrornsnusune. 18,1 10,0 6.4
T3, F MOOTO.ussensnsnnnun ns 124,06 18.0 b.6

NOVOIEY v ruvesvanssrvauns 104. 0 17.% 7.0

There are upon the lakes a greater relative number of small yachts and steamers of under 50 tons than in any
wther section, The western rivers have few such craft, but they constitite by number more than half the steamers
on the lakes, and these small boats upon the lakes constitute over 10 per cent. of the whole number of steamers in
the United States, and over one-fourth of all the small ateamers in the United States. (Of the whole number of
steamers in the United States, it may boe remarked that 61 per cent, are over 1,000 tons, 15 per cont., over 500 tons,

434 per cent. over 100 tons, 604 per cent. over 50 tons,) The following are the dimensions of some of the steam-
vachts upon the lakes:

\

Tons, Longth, | Breadth, Dopth.

) Feet. Fect, Feat.
Ton Drako.....oeue enerans vas 47,87 3 17.0 A
Willls Cotton cvuunen vavcernes 87, 08 08.9 " .0
Goldon Baglo vomienvanvrvenes 48,80 0.3 18,0 6.0
Gom uvauas [ veenass| 41,83 07.0 4.0 5.4
T, G THIE0N 4 aas innwnanennss 49,44 53.0 150 7.0
G Py MOTOY v evvvemascavnesnsn 20, 28 03.0 14,0 7.0
15 P ROBS sunrenrmnsnmasernes 28.13 57,4 10,8 6,0
Truant sueesnsnsrcocnsrvnnnesr 02, 14 8.0 15,0 [ A1)
TAIHO wrerrarvreesnvamernronns| 81, 65 02.0 15,0 4.8
TorAlA v evvavemrnnavennarnas 80,44 80. 2 11,5 B.0O
Nonantium ....... wemvsamemes 7. 04 69.4 13,6 4.6
Brob Tarto. e avanesve suernrnse 28,25 55,0 15,0 6.7

BExcepting the ¢ Herald,” the above are comparatively blnff boats, ratio of length to breadth averaging about
4, of breadth to depth from 2 to over 3, showing them to be comparatively deep.

The side-wheel steamers of the lakes arve of similar proportions to those used in sound and seabonrd service,
The “City of Cleveland,” 1,222 tons, is said to be the fastest boatson the lakes. This boat was designed by Frank
L. Xirby, and is unique in having feathering paddle-wbeels. These wheels are 23/ in diameter, 9 face, and 38/
wide, with 12 buckets on each wheel, The registered dimensions of the boat are: Length, 225".2 ; breadth, 82/.4;
depth, 13'.3. The keel is 226/ long, the length over all is 238/, and the breadth over all 64/, The draft is 7, A
beam-engine, condensing, 50/ diameter and 11/ stroke, and two flre-box and return-tubular boilers comprise the
principal machinery, Hach boiler-shell is about 1l in diameter by 18 long, and in each boiler there are 3

furnaces, and one hundred and twenty-two 4// tubes 12/ Iong, The total grate-surface is 120 square feet; heating-
surface, 4,400 square feet. ' '
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The feathering paddle-wheels as employed on the ¢ City of Cleveland?” ave a departure from American in favor
of Fnglish practice. English side-wheel steamers have usually small feilbhGl‘illg‘:\\'ll(_‘.els, but with direct-acting
engines. It is maintained by some engincers that these are preferable to the American type of large fixed paddle-
wheels with beam-engines, but the latter certainly give great speed and endure great wear. On the other hand,
side-wheel tugs are the most usual Iinglish type, while, except upon the rivers, the scrow tug is almost universally
employed here, being regarded as an improvement upon the side-wheel tug.

) COST OF STEAMERS,

In large steamers the machinery, engines, boilers, and shafting, with propellers, usnally weigh from 6 to 12 per
cent. of the tonnage of the vessel, and for iron steamers cost between one-third and one-fifth of the whole cost. By
the pound the machinery costs three or four times as much as the hull. For smaller boats the relative weight and
cost of the machinery is greatly increased, and for small tug-boats the machinery may weigh one-fourth of all and
cost fully as mnch as the hull. :

Steamers are short-lived property, Their average life is inside of twenty years, and their value meanwhile
rapidly depreciates, so that the selling value is no criterion of the cost. Other forms of property may inerease in
value, but as a rule the steamboat is worth more the year it is launched than it over will be again, This point
deserves to be emphasized, because false ideas of the relative cost of steamers in this country aroe often derived
from comparisons between the cost of construetion here and the advertised selling prices of old Tinglish steamers.
which have seen their best days, if they have not, with due respect to prudence, entirely outlived their usefulness.
But if it be ‘economy to buy old boats becanse they are cheap, old boats of American build ave equally cheap, A
large propeller was recently sold at a price equal to $15 per ton (% cents per pound), This was built twenty-one
years ago, and to-day would cost.to build anew about $85 per ton, being a wooden boat. In attaining its majority
it had thus aged away about 78 per cent, of its worth. A large Mississippi river steamer, with a wood Imlly was
built ten years ago at a cost, inclusive of machinery, of $80 per ton. After ten years’ service it way valued about
37 per cent. off, or 850 per ton, and recently went out of service under conditions which cost the underwriters ub
the rate of $40 per ton,

Within the past few years the cost of English steamers of iron, large steamors of the best construction and
with powerful engines, has been as low as $105 per ton, and steamers of an undesirablo quality have been contracted
for at as low as $50 per ton; but these rates were not maintained, and the tendency has since been upward, so that
we may reckon the cost of large high-power passenger-steamers at $125 to $130 per ton, and smaller low.power
cargo steamers ab $80 to $90 per ton, these being iron boats. Ametican ocean-going steamers are more costly, if
of iron, but most iron steamers built in this conntry arve vessels of o fine character, strong in build and of high
power. The grain fleet running from Now York is entirely of foreign vessels, but these are mainly an inferior and
unsafe class of steamers, low-power freight-boats of foreign build, and not to be compared in quality with our
swift coasting steamers.

In 1833 wooden ships were built in the United States at $50 per ton, and they can be built nearly as cheaply
now, but steamers are more costly, as are iron vessels, although for the same carrying capacity tho Iatter ave lighter
than those of wood. In California, where labor is not cheap, several large stern-wheel river boats have recently
been built at a cost, inclusive of engines and boilers, of less than $65 per ton. Thesewere good, serviceable boats,
but not highly finished. The hulls were of wood. :

Some of our large iron coasting steamers of recent build have cost over $200 per ton, but these were handsomely
built and equipped and involved many experimental featnres., It is unquestionable thab with an assured demand
the best iron passenger-steamers could be built at less than 8150, and good cargo steamers, with iron halls, at less
than $100 per ton. These figures are probably too high, Within the past year an iron side wheel steamer, a swilt,
staunch, and finely finished boat, with a powerful beam-engine, has been turned out at a cost of &143 por ton, Some
of the largest propellers upon the lakes, with iron lulls and compound engines of superior finish, have been built
at a cost of less than $95 per ton. With a Iarger demand these figures could e reduced without loss to invested
capital. Itis of the highest consequence that the matter should be broadly considered, and that the types of marine
machinery adopted should be of such wide adaptability as to secure an economical degreo of uniformity in the system
of manufacture. The preceding pages may be considered to contain an outline sketeh of the entire marine plant of
the United States. The building up of this blant makes a large demand, which, if properly met, permits in its very
magnitade. the exercise of the most profitable and economical methods of construction.

»
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