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' The"HARVARD",






Left New York 5.00
Capteins Island 708
Batons Neek 734
Stratford Sheals 3819
Cornfield Light Ship 10402
Little Gull Reok ' 10.56
Block Island 11,39
Gay Head 1.22
lobalka 2.00
Cross Rip Light Ship 2,54
Handkerochief Light Ship 3.89
Pollock Rip Light Ship 3464
Pollook Rip Sheals Light Ship 4409
leuset Light : 4,56
Cape Cod | B34
Reee Point 6400
liinots Ledge 7.1%7

Arrive in Besten 8400
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SERVICE TEST O THE 8. S HARVARD.

On June 26 end 26 1908 a serviece test waw mede on the
boilers and encines of the S, S5, Hawverd, This test wee
divided up inte two parte--that om the emgines, which ius
worked up by Howerd C. Fidher end Philip B. Youngewsnd
the following, which is mn ccooms® of the test on the
boilers. This test wes made under netual serviee con-
8itions while the gtesrer wes meking ﬂaily-trips Tetween

Togton and ew York,

OBJECT OF TEST, .

The objeet of the test was to fnd out whet the en-
gines and boilers were doing in setuel serviee and not
what they ecould be nﬁde to do under idesl eonditions,
such &8 ofen oltain on triel trips. The specific ob-
Jeet of the boiler test wes %o find the stear ¢nd coal
consumption in eonjunetien with the test on the turbine
enzines by lessrs FTisher amd Young.

THE STEAVER HARVARD
The Harvard is owmed by the letropoliten Steamship
Co. and was built in 1906«1907 by the Delewere River
Iron Shipbuilding end Tmgine Werks ( Reach's Yard ),
Her empines and boilers were bullt by the W. & As Flete
cher Co, She is in service during the summer monthe



Between Boéﬁon and Hew York; meking the run of 300 ﬁaut;-
‘cal miles daiiy in fifteen hours, her aVerage speed being
20 knots. The general dimensions of the vessel are given
-below. |
| Length between perpéndicalars « » 386 ft. 6 in.
Breadth of hull moulded « « 4 o o« 50 ft. 6 in.,
Breadth over guards . e e e .. 63 fﬁ;
Dopth mOULAed « « o o s o o o o o 22 £h.
Draught NOYMEL o+ o o o o« o« o » o. 16 £,
Dreught at trial,
( mean W. ¥, to Boston) 16¢ff: 2 in,

DESCRIPTION OF Bo;cLERs_.\ |
The Harvard is Titted with twelve ginéle enﬁed.chtch,

boilers placed athwart'ship, having a fire room rumning
albng the center,iine of.the.véESel on each side of‘ﬁhich
are six boilers. mhis'fifé’foom is divided into two
parts by a transverse bulkheed, therekbeing six boilers
on each side'df fhe bulkhead. Each boiler has three fur-
naces. The Howden sySfem of forced draft is installed,
air being supplied under a pressure of’1;75" of Watef by
blowers, , »

Tofal grate area . +« + « « « « o 756 s8q. £E.

Total heating sufface ¢+ o « 29520 s8q. Tt

if
Ratio heating surface to grate area 39.0



Fire Room.
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-DESCRIPTION OF FIRE ROOM AND APPARATUS INSTALLED.

A% the forwerd end of the fire room there is & coal
bunker placed athwart ship from which coal is supplied to
the six boilers forward of the bulkhead. At the after énﬂ
of the fire room there is another bunker, also placed
athwart ship; there béing through this 8 narrow passageway
connecting the fire room with the engiﬁe room. The six
boilers abaft of the bulkhead are supplied from this bun-
ker, which has & door on both starboard end port sides.
Overhead trolley tracks, which carry coal bucketls, lead
from these doors élong in front of the boilers on the
same side of the boat. In the forward compartment there
‘are two tracks similarly erranged in front of the boilers,
but these converge to a 31ng1e door 1n'the forward bunker.
The capecity of the buckets was abouu 500 1bs. of the Llna
of coal used.

The water consumption was measured by a Hersey hdt
water meter loaned for this purposé by the Hersey llanu-
facturiﬁg Co. of South Boston. The meter was installed
in the suction 1ine between the hot well end the feed
pump. | | _

The steam supplled to the suxiliaries was measured by
means of orlflces. These were made from plates dboui thrbe
sixteenths of an inch thick, and had circular openings the

.edges of which were rounded on both sides of the plate.
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All auxiliaries except the forced draft blowers were

supplied from the starboard auxiliary steam pipe.

METHOD OF TESTING.

Thé test was begun at 7.10 2.1, on June 25, 1908 oﬁ
the run from Hew York to Boston. Neither the standard
nor albternate methods of starting & boiler test as
recommended by the A.S.M.E. cou1d~be uged. The standerd
nethod involfeé the drawing of all the fires at the start
‘anﬂ the slternate method requires the cleaning of &1l the
fires at the start and neither of these things could be
‘done without causing great incouvenience in the cramped
fire room and unnecessarily delaying thé boat.

| When the test was started the steamer was off Caﬁtains
Island light in iong Islaﬁﬂ Sound and was well up to speed,
being in open water and having been under way for two
hours. In sﬁartingkand‘stopping this test we estimaﬁeda4;
the emount of coal on the fire room floor. Although a
thorough inspection of the fires in all the 36 furnaceggu‘
could not be made, a considersble number ofAthem,were':bfy
looked at, end in the judgment of the engineer oniwatch‘
and thdse in charge of the test, they were in service
condifion. To msgke the speed required by_ﬁhe schedules
on which these boats run it»sdems practically certain to
ug that the condition of the fires at the start was the

actual service condition, and although individual fur-
13



naces may not have been in the same condition at the end

as they were at the begimning of'ﬁhe‘test, we believe

that takiné an average of the 36 furnaces, the condition

of the fires at~start and finish was practically the saﬁe,
for the‘end of the test came at 7.00 A.l. June 26 when

the stesmer was off Hinobs Ledge Light, an hours run from
the dock. Thet other ccnditions were constant during the
test is shown by the steadiness‘bf‘the boiler preésure as
plotted, and by the fact that the total cogl and total feed
water curves are nearly straight 1ines.

The A.S.H.E. specifications for boiler trials require
that the coal shall be Weighed in buckets and then fired
directly from these. Owing to the cramped space_in.thé
fire room and the rapidity with vhich the coal had to be
passed out, it appeared impossible to weigh coal during |
the test and no attempt was made to do so. As one bucket
supplied nine furnaces if was manifestly impossible to
fire the coal directly from the bucket, so the coal was
dumped on the floor in front of the furnaces and fired
from there.

The coal used was determined by counting the number
of buckets taken from the bunkers, a man being stationed
in each compartment of the fire room ﬁhose sole duty it
was tocount them. Care was taken to have the bucketsr

Tilled flush with the top. After the test we weighed
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four buckets full and -empty thereby getting our average
velue for the coal contained in one bucket. This weight
agreed to .a poﬁnd with the average obtained from some
weighings made by tﬁe Steamship Company. It is interest-
ihg to note ﬁgat, crude as this method appears, it gave
us & value for the coal used vhich agrees within 1%,with
the figure obtained by the chief engineer of the company
as the average coal éqhéumption per trip based on the runs -
of a whole season. | ‘
‘The feed water was measured by a 6" Hersey Hot Water
lHeter. This meter was calibrated by its makers and was
found to under run 1/2 of 1%. Tests on a 4" Hersey meter
‘made &b the Insbitute showed with cold waber an under run
of 1/2 of 1% but with hot water en under run of 1%. From
this it would seem that the 6" meter would probabg§?§§n
from 1/2 of 1% to 1% and it is certainly reasonable %o
assume that it was accurate within 2% which is well with-
in the error of the test. It should be noted that this
meter was so placed that the water from the holt well flowed
to it by gravity. The A.S.H.E. reguiations require that
feed water for hoilers undergoing test shall be weighed
in fenks. When it is considered that sbout 3000 1bs of
water went to the boilers evefy minute, and the cramped
space on ship board is taken into accounﬁ, it is evident

that measuring the water byna meter was the best we could



do., With e boiler placed athwait ship a very slight
motion of the vessel makes the water glass iﬁdication
valﬁeless and so0 no attempt was made to ascertain the.}
level in the boilers in this way. The engineers on |
the stesmer have found tﬁat by admitting a certain
amount of water on each trip the level  in the boilers
is pracﬁically the same at the end of g run as at the
beginning. During the test the 3/4" pipe vhich admits
this fresh water was opened for about fifteen minutes.
This water was admitted to the hot well and so passed
through the meter, which measured sll the condensation,
the leskage only being lost. It seems to us that the
necessity for keeping up spéed and the fact‘that the
steemer had been under way for two hours when the test |
Started, and still had.an hours steaming to do when the
-test stopped, would meke it very probable that +the
height of water in the boilers was governed by service
conditions. A strong check on this is the tdtal feed
water curve which is 2 straight line. |

As has been stated, the steam for éll the suxiliar-
ies except the blowers came from the starboard suxiliary
steam pipe. The port line was entirély closed and the
by-pass apound the reducing vaive in the svarboard line
was openéd~wide, so that all the reduction in the

pressure of the steam supplied to the auxilisries was due



to the throttling action of the 1-13/16" orifice which
was placed in the line. The steam for the blowers ceme
from the port line and Was‘measured by means of a 7/8"
orifice. |

The quality of the sbeam was detemined by a Peabody
calorimeter which was inserted in the main steam pipe at
the point where the main steam gauge was fapped in.
Calorimeter readings were teken three times &uring'thé
test and the results oBﬁained were ﬁractic&lly in agree-
ment. |

" The A.S.M.E. boiler trial specifications call for
sanbmes of flue gas for analysis. Such an sghalysis is
very valuable when good fair samples of flue gas can be
obtained end gives an excellent indication of ﬁhat the
boiler plant is doing. But in the case of a steamer the’
uptakes are usuall¥y leaky>and as a result a flue gas
sample is 6f little value when obfained. This being so,
no attempt was made to obtain flue gas sampies during
this test.

The boiler pressure, Water'meter, back pressures on
the orifices in both the auxiliary andlblower lines, tum-
ber of buckets of coal, the draft and the témperature of
the feed water ﬁére all observed at ten minute intervals
up to 2 A.M. and at fifteen minute intervals thereafter.

The boiler pressure was read on the engine room gauge

5
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and this, ( and all other engine room gauges used ) was
specially caiibrated by the Crosby Steam Gauge and Valve\
Co. The internal pfessure on the orifices was that of
the boiler, sincg care was taken to have gll the reduction
in pressuré in these lines due to the throttling action
of the orifieeé. The back pressure on the orifice in the
auxiliary line was read on an engine room gsuge, while
that on the orifice in the blower line was read from a
gauge loaned by the Institubte and calibrated by the au-
thors in the Engineering ILeboratories. This gauge failed
at 11 P.M. and ﬁhefeafter the steam supplied to the blow-
ers was calculated from the data already obbtained and
modified to follow the curve of the plotted draft deta.
The mumber of buckets of cogl passed out was kept by ten
ninute intervals end every hour the smount on the fire
room floor was estimated. In this way a very fair curve
was plotted showing the rate of coal consumétion.

Samples of coai'were teken at regular intervals dur-
ing the test. The average of a number of tests on the
calorific value of this Tuel méde in the Laboratory of
Heat Measurements at the Institute was 14510 B.T.U. per
1b.



Engine Room.

17



/8




| HETHOD OF CALCULATIIIG RESULTS.
As soon as the date obtained in this test was
plotted it was evident that the conditions were nol con-
sbant throughout the twelve hours. As far as the boilers

were concerned the conditions were most constant from 9

P. M, to 4 A, M., and therefore only these hours were taken

into account in determining thé performance of the boil-
_ers. Messrs Fisher and Youngkfound that the engines were
working steadily from 9 P. M. to 3 A. M. and they accord-
ingly'use& these hours in working up the.engine test.

The value of the average shaft horse power that is quoted
is the result of their work.

| Whenever it was necessary to work out the feed water
and coal rates it was done as shown below. It should be
explained here that the red line on the coal curve is
dravn through the points of estimated cosl on the Tire

- room floor and so indicates the coazl rate.

/9



METHOD OF DETERMINING THE COAL AND WATER RATES.
Total buckets at 4 AM. ( from curve ) . . . . . 277
~ Total buckgfs at 9 P.M. ( from curve ) . . . . . 54
Buckets consumed Iin 7 hours « « o o o ¢ s o o & 223
Weight of coal per bucked « ¢ o o o o o o o o & 506 1bs
Total coal consumed from=9 P.H. to 4 A, . . 112,800 1lbs

Rate per hour.. e o & 8 s o 2 e o s e & o o 16,100 1bs.

* L] . . * L3 L . L] - * L] [ ] L] L L] . L4 L] * - L] ' . L . L] . L

‘cubic feet of water fed at 4 A.M. { from curve) 24,700

" n w w " "‘9 P.M. . " " 5,100

w oo " " in 7 hours | 19,600
Ada 1% | 200
Totel cubic feet in 7 hours . . 19,800
Average Temperature of Hobt Well; (9 P.Mfz AWL) 111.9° F
Weight of omne cubic foot of water at 112°F 61,86 1bs
Pounds of water fed in 7 hours 1,225,000

Rate per hour ) ’ 175,000 1bs

%0



STEAM FOR AUXILIARIES.
In galeulating the steam used by the suxiliaries the
following formula by Grashoff was uged.
W =0.01654 P 0»97
Where W3=weight'in 1bs. per second

' A =area of the orifice~in square inéhes
P = internal pressure in 1bs. { absolute )
The welght as determined by this formula has to be
- multiplied by e quantity ( called the " ratio of actual

to computed discharge") which depends on the ratio of back
pressure to internal pressure, when this is greater than
40.6, and upon‘the Shqpe'qf the orifice. From previous ex-
periment it was determined that for an orifice of the kimd
used the facfor by which W in the sbove formmla must be |
- multiplied is within 10% of the mean betweon the factors
given by Grashoff for converging orifices and orifices in
thin plates. |

' The most inaccurate term in the equation by vhich tﬁe
steam was computed is undoubtedly the " ratio of actual‘to
computed discharge". The error in this term is probably
not greater than 10% which mekes the errors in the other
terms negligible. Since the suxiliary steam is only 12.5%
of the total steam an error of 15% here would affect the

engine steam by less than 2%.

2



A sample calculation is given here in order that there
mey be ho misunderstending as to how the " ratio of actual

to computed discharge" was obtained.

Steam for blowers.
Size of orifice 7/8" dia. Area = 0.601 sq. in.
Boiler pressure 155# gege ‘150 lbs. abs.
Back pressure on orifice 94 1bs. gage-109 1bs. abs.
Ratio of back pressure to internal preésure 0.73
From the table on page 433 of the " Thermodynamics of the

Steam Engine™ by Professor C. H. Peabody
Ratio Ratio of actual to computed discharge

Back Pregsure Converging orifice Thin Plate Hean
Internal Pres. ‘
0475 0.89 . 0.64 0. 7%
0470 0.94 0.69 0.82

| Ratio of actual to comp&%ed discharge when ratio of back
pressure to internal pressure is 0.73 is 0.79

0.97
150 = 148

W ( 1bs. per min.)

i

0.0165 x 0,601 x 148 x 0.79 x 60
= 70 1bs.

22



DATA
Duration of test 7 P. M. to 7 A, I, 12 hours
Barometer ' 29.97v 14.7 1bs

Boiler Pressure (average 9 P.l. to 4 A, H.)‘ 140.2 1bs-gage‘

Temperature of Feed Water (gverage 9-4) 202.7 T
Temporature of Hob Well " n 111.9°F

Feed Water per Hour 175,000 1bs.
Quality of Steam - 96 .0%

Draught ( average 9 - 4 ) " 1.76" of wate
Total heating surlace o 29,520 sq. ft.
Total Grate Surface | 756 sq. fh.
Ratio Heating Surface to Grate Surface 39.0

Vocuun ( av. Sand B~ 9 P.M. o 4 A.M.) 27.44 in.

Coal fired ?er Hour : 16,100 ibs.

vHorse Power of Turbines, '
( av. 9 P.M. - 3.00 A. M. ) - 10,400 H;P.

- Total Auxiliary Stesm per'Hour ( 9-3.00) 22,000 1lbs.
Totel Engine Steam per Hour ( 9-3.00 ) 153,000 1bs.

23



RESULTS
Heat of Cgmbuétion‘of Coal
Total Equivalent Eveporation
Prom and at 212°F.

Equivalent Evapo?ation per 1lb. of Cosal
Equivalent Evaporation»per sq. £t.

" of Heating Smprface |
Ooal burned per sq. £t. of Grate
Boiler Horse Power (A.S.ILE. rating)
Heat absorbed by Watef in Boiler

per 1b. of Coal
Thermsl Efficiency of Boilers
Total Steam per Shaft H. P.
Steam through Turbines per Shaft H. P.
B. T. U. per Shaft H. P.

Coal per Shaft H. P.

24

14,510 B.T.U.

179,000 1bs.

11.1 1bs
6.06 1bs
21.3 1bs
5,190

10,700 B.T.U{
73.8%
16.8 1bs
14.7 1bs
265
1.61 1bs



Gaugé Correotions.
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Curve of Total Coal.

Curve of Total Feed Water. (uncorrected)
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Curve
Curve
- Curve

Curve

of Totval Shaft Horse Power.
of Feed Water Rate.
of Steam for Turbines.

of Total Auxiliary Steam.
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Curve
Curve
Curvé
Curve

Curve

of Boiler Pressure.

of Back Pressure on Auxiliary Orifice,
of Baék Pressure on Blower Orifice.

of Vecuum in Starboard Condenser.

of Vacuum in Port Condenser.
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Curve of Boiler Pressure.
' Gurve of Feed Vater Temperabture.

Curve of Draft.
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Tables of Readings. .



Lo fer fressure.

Time |feacrng Correced limme | FBading| Grreckd
700 | /27 | 136 | 1020 | 128 | 143
7 /0 /L3 /38 /0.30 | /SR /E7
720 /2T | /38 /70.90 | /50 S ES

730 /RS | /Fo /8.50 | /50 SRS
790 | /495 | s90 | sr00 | /TR | /R7
780 /2SS | sS40 /1 /0 SR S 27
8.00 /FE /739 /IR0 sS850 | /HFT
8/0 | /#4 | /39 |30 | s5o | /25
8Ro | /47 | /ER | /NG | /B9 | /EE
830 /27 | /4R V/-X4 /98 | ST
840 | /RS | J40 | /R0 | /RET | /LR
g0 | /ET | /FE | /R.10 | SEST | /TEF
900 | /%0 | 135 | /220 /28 | /20
Qro0 |\ /3% | /3¢ | /230 | /93 | /I8
Q20 | /38 | /33 | /RBo | SER | /P27
930 | /38 | /33 |/260 | /97 | /36
g.90 | /4o /35 | 1.00 | /9L | SOF
¢s0 |/42 | r37 | /20 S2E | SFS
/0.00 | /82 | /37 | /20 | /747 | /22
10.70 | J2S5 | /20 | /30 |/49 |/ 24

34



LBosler [ressqre fop)

Time /?ao.a{/;mgcwuraa:
/s | m——
200 | 743 | /38
2.05 | 25 | s20
2.30 | /#5 | /¢0
2.95 | /25 | /20
Jo00 | /22 | /I7
J/5 | /25 | /40
330 | /90 | /35
3H&S | /4SS | /38
4.00 | /5o | /9T
Q215 | S | SRS
430 | /FT7 | /PR
129 |/ FF | /TE
00 | /35 | /7R7
S/5 |\/36 | /30
530 | /38 | /3R
SHs | /FR | /26
6.00 | sr37 |\/2/
6/85 | 755 | /29
30 | /38 |/52
6.95 |/ #/ | /36
200 |\ /32 | /34



Coal.
Total | Total | | Total/ |
Time. Bucrets| Time Bockets| Time BucKets
7. oo o /0.20 | /04 /-4 0 220
7. /0 / 70 .30 /085 L 222
YA oo 6 /0.4 0 /709 % 2.00 223
7 Jo /7 ) /a.50 115 2-70 225
790 | 17 | poee| wme | zze | zar |
7 5o /9 /7. 70 122 | 2. 30 36
 8.00 26 1/-R o /28 2.40 249/
&./70 37 77.30 /136 2.5’0' 45
}3‘-20 J8 /7.4 0 /749/ 3.00 253
&.30 45 77. 80 /46 3.70 <63 |
&.40 52 /2.00 /7499 3.20 266
8.%50 R4 /2.70 /354 3. J0 <70
Q.oo 6 4q /2.20 /163 340 275
9./0 > /2.30 773 3.90 275
o.c0 74 '/2.40 179 .00 28/
9.30 83 /2.5 85 <-/0 <88
9.490 9/ /.90 /792 9.20 294
0.50 94 /.70 /99 4.30 3o/
/0.00 o8 | 1.0 207 4.-40 303
Jo.10 09 /.30 276 4.50 306
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Coal (Conr.)

L Total i retal | Total
7ime | Byckets| Tirme |Buerers| Time | Buckets
S oo 30/ PARY. 329 .i '6.4aﬁ 346
5./0 3/2 6.00 Jd39§ ‘6. 50 346
520 ‘31‘7 " H.70 34/ 7. 00 346
5. 30 Jeo | 6.20 341

J.40 324 6.30. 344

Estimated Coal on _Floor.

. No. of

Time. |Buckets
7. 00 36
/0.30 | 143
- /1/.30 37
" /12.30 | 42
/.30 5o
- R.30 <44
. 3.30 47
4.30 <1
.30 37
7.00 36




Wei_ghfs of Buckets

Full | Empty
66o /59
6o /59
6o /59
6 6o /59
Total |2660 | 636 |
Av. 665 /159

Weijhf ofCa&I pér Bucket &S06 /bs.



W o Messr ﬂea

az_ys sz/_é*

J/}ca/’/'ec

Sire | ffeacly| Jo7as | Sirre ./ﬁ'ea;//g} el

| Zgo | #870| —— | /0.30 | /#0594 | /8
TS0 | SR/ | FRS | J0.90 | /9536 7666
720 | 5690 820 | /0.50 | Js0/R | JO/F2 |
730 | 6055 | 1185 | 7100 |52 P0| /0620
7.40 | 6290| /570 J.10 |/ 5975\ /1705 |
750 | 6900 2030 //20 |/EFE0 | //SFo
800 | 7290| 2920| 1/.30 | /6755 |s2065]
810 | 7870 | 2940 | /)40 | f79/8 | /R 548
8.20 | /SO /7855 /3025
830 | 8¢ 75| 3805 | 12,00 | /8375 S5 505 |
.40 | Gr25| 4255 /2.70 | /5857 | /3987
550 | 9590| 4720\ /2.20 | /9578 | 95|
9:00 100185 | 5145 /2.30 | 19789\ /79,5
2./0 /0900 | 58530 | /2,90 |R0255 |/ 5385
P20 |/0875 | 6005 | jz2.50 |Ra723 | /5853
30 \fr3/¢ | 970 | /.00 2//5»9‘/5'3/5 |
220 /1753|6883 1.70 |2/667 /6797
550 |/2205| 7338 1.20 | z2/05| /7285
/0.00 |\/R6S57 |\ 7787 | /30 |RR6s9 |/ 77FF R
/0.70 \s3/7# 82942 | 1285 | — | — |
/0.RQ /3527|8707 | 2.00 |24060\|/7/5°0




/%%éfd%ﬁéhﬁﬁua@%&sema

i

Aoactss

Jo7a/

2, /79

RE7E7

/8577

.30

25978

20608

2-4:

RER P0

R/ FRO

3.00

R&EE 3/

R/76/

R754%

RR_ &7

3. /5
3.30

28R60

23390

3. 4S5

RE 7 70

RF /00

4,00

RISFS

RI7X P

2 /5

JORF0

RE370

*% S

g0 778

R6/08

245

F/ 70/

L8583/

s, 9o

JR2 388

R75/8

I /S

T30 EH

RE/ 9F

S.30

33 74 o

REF 70

I 25

SFPRR

RIST2

&.00

SS9

FoR IS

6 /75

IS 773

07223

6.39

FEFE/

3/S59/

6. 4S5

F7/73

TR303

VA X4

372870

F3d00
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o Wes/ 7?/?//6/’@ Zure [°

Time

Temp | Time Temp
7.00 /O 6 /0.20 /71
7. s0 /09 /6.30 717
7- <20 /08 /70,40 /09
> 30 /09 70.50 /08
7f<lho 173 '/)._ab /708
7.50 /73 /7. /70 /709
8.00 /15 /1. R0 17/
.70 11/ 7/, 30 709
&8.20 _ 1.40 /7S
8.90 /IR0 11,50 21%
e.‘é}o /20 /2. 00 77
8.80 //86 12./0 73
9.00 //8 12,20 /73
9./0 /18 /2,30 115
9.20 r24q 12,490 71/
9.30 15 12,50 /08 r
9.40 11 /100 /07
.50 11] /. /10 /09
/0.00 117 /.20 /709
/o0./0 /109 /.30 /18
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Hot Wel/ Tewrf (€on)

Time Té np. Time Tem p.
95 S 4.30 | /09
2.00 175 4.495 - 708
2,15 113 - ¥, 00 706
2.30 /18 & 15 /703
2.95 717 S. 30 /59
3. 00 706 545 708
3.75 /09 6.00 706
3.30 /109 6./5 /08
3.45 /08 6,30 /707
_<4.00 99 645 /706
4./6"’ - ]o4 7. 00 /09




40

/Cé'ed Harer Z‘;ﬁ;ﬁéﬁa Tore A7

7;777/4

Sove

Tl |

SIo77E 2 b | Z7re T&27,4
7.00 | 230 | /0.30 | 270 | 2./5 | Roo
770 | 40 | /0.40| 204 | 2.30 | 200
720 | 230 | /0.5 | 2o2 | R.45| 204
730 RR4 | /oo | Ro3 3.00 | 230
740 | 235 | /10 | 92 || 3,15 | 200
7350 | 2 30 //.20 | /78 | 3,830 | /7S
oo 228 | /30| /97 3.45| /93
g8./0 | 2/2 |/MF0| /96 | 4.00 | 2/2
820 — ||/Mvo | /928 | 4.15 | 796
8§30 | 270 |/200| 798 | 4.30 /798
8.40 | 210 \|sz2.70| /99 | 445 | /92
850 | 214 |/2.20| /59 | 500|797
200 | 224 | /R.30| Zoo | &./85 | /90

@s0 | 270 || /20| r96 | S.30 | /96
220 | 2R 3 /RS0 | /795 §. A5 /27
930 | 222 /2. /926 | 6.00 | /2/
940 | 2/6 Lo | /96 6./5 | /90
290 |R/& L20 | /PR 6.30 | /94

| fo.00 | 2y 4 £330 | /78 645 /968
/0,70 | R/4 |/ #S | — 7.00 | /9%
/0.20| 209 | 2.00 | 2oo




Béc// '/53?5510-9 o7 /7//;\’/%&17/ d‘—; '(/(g' e /i..%g/f I7. ,g_r

Trme

|Readin g |co rrected| 7im e /?ea.d/'ny Correcled)

7.00 —_ A /0-20 /8 705
7. 70 -_— — /70.30 /20 /27
730 -_— — 70.40 779 /706
730 —— —— /0. 50 | 179 /706
7490 | =— — /1. 00 127 /708
7. 50 —_— — 1470 /24 V174

8.00 — — 1/7.20 /25 2
&. /0 — — /7.3 0 /127 7749
g.20 — — /7. 40 /RS 12
&.30 . — 77. 850 126 173
8.90 - —_— /-P.Ioo /20 /70y
8.50 - M— J2.70 /.ea" ' V-2 4
9.00 1S 102 /12.20 /24 1/

9.7/0 /73 /00 /2.30 /23. /70

9.20 /3 /00 /2.40 20 /0%
9.30 112 99 /12.50| 120 /707
9.490 /70 o7 /- 00 /23 //b
9.50 r /03 1. 70 /20 /707
/0.00 /»/5‘ 102 /20 /24 '///
10.70 "y /04 .30 /23 /70

4



/«X)%éf / J/’?'

/C‘e (Cor/
Time \Feadtiy |Grrecract|
/.45 —
L. 00 /1!l | /08
2./5 125 /112
2.30 /124 284
295 'R 4 /7//
3.00 /123 /770
3.75 1249 | 17/
3.30 2X4 /07
3.49% /120 /797
.00 128 e
4:/6‘ /R 6 /773
4.30 123 770
Q.45 122 /709
5.00 | . /'/8 /708
5. 75 /779 | /06
5.30 /20 VE-Y 4
S 495 179 706
6. 00 /78 /08
L 6./5 /)9 Jo6
é.30 /778 708
6-45 . | 12/ /708
J. 00 /120 /07




re

| Trme |/Peading Corrected Time Re.a.diny Corrected

7-90 ez

‘ — 10.20 52

s — S4

A : — 70.30 95 o

7.20 —_— — /0.0 —_— —7-
7-30 23 o5 70.50 S2 94
7. 40 93 9% /7. 00 o3 |

7. %0 94 96 =
8.00 o4 96 —
g./0 so o=

8.20 S92 o4

8.30 o2 o5

8.490 o3 o4

8.50 92 8 7

9.00 N 89

90 87 So

9.20 88 90

©.30 &8 .90

9.40 | —

9.50 68 2X-)

/0-00 90 o2

)0.10
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,4_4'

bl Showss j f?‘ézm D7 > by /70/7 |
LTate s7 ,éauﬂc/s /ef L7/ 7.
7 Aexr //d/}/ ELower |7o7a/Aux| | fgmg ToFa/
/777e | Shar Soarr | Stearwr | | Sreasr
7 00 74 — _— —
ASo | — — -— —_— —
20| — — —— — —
7230 | — _— | — —_— | —
740 | — 7 — _— | —
ALY -— 73 —_— —_— —_—
800 | — 72 —_ — S
g 7/70 —_— 74 —_— — —_—
F520 | — 76 —_— | — —
£ 30 | — 76 —_— | — | -
£ 40 —_— 7L — —_— —_—
£50 | — | — |~ | — | — |
9.00 | 270 | 70 ._24:0 | 2290 (2630
6,70 | 280 | 70 | 360 |2030|2380 |
920 | 270 | 7/ | 340 (28570 |2730 |
.30 | 280 70 FSO0 (2340 | R670)|
9.40 | — — | —
9.850 | 2F0 73 | 60 |24¥#0 2800
Jo.00 | 280 | 73 | 390 | 2240|2790 |
70,70 | — — e —_— —_—
SO.RO | Joo 76 F80 |2%70 2870



SHoarr LUsTodbuT oo (o)

7—' /9«1/%&_7’ Llower \75/al/ Aer. | Logme | 7o/
/772 | Slearzr | SHears | Shwz | Siaers | Slearr
/0.30| 320 | 78. | #90 (28550 | 2950
/0.0 o0 | 7& | 380 | 200 | 2980
/0.50 | 300 | 79 | T8O |Rs60 | 25F0
/1,00 | /0 | 80o*| 390 2570|2960
/10 | 300 | 80 | 380 2620|3000
/20 | 290 | 80 370 |2630 | 3000
30 280 | &0 IFE0 |(RSELO | 2940
SSFO\NR279 | O | IS0 (2630|2980
SO0 (28O | &0 FEO (RE/O R T70
/Ro0 |\ R720 | 80 370 |(RE70 | 25F0
/o Jo | 260 | 80 | 340 |2600 | 2540
220 R7o | o TIO0 (RSP0 | R8P0
/R 3o| 260 | 0 FHF0 (R5E0C| RPR0
/2.90 | Réo.| 80 | 340 | 2540|2880
/R. S0 | R&o | &0 F40 |RZ00 | 2560 |
S 00 | 260 | 80 | 340 (2540|2880
/.70 | R0 | P 370 |R28560| 2530
/20 |R70 | 20 | F60 |2570 | 2730
430 | 280 | 90 | 370 |(R590 | 2560
SRS | — | — | —
2,00 | 260 o0 | IS0 | — —

¥ See }:q.se (6
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Foarr LsTrbwT o for)

e | Sy | G [P dx| e | T
2./5 | 260 | %0 | 350 |2570\25720
2.30 | R70 0 FE0 (2570|2930
2.95 | 270 | 80 | 350 (2590 | 2940
J. 00 | Ré&o | 80 | 340 |/F00 | 2240
I/ |\ 260 | Bo | 40 | 2600 | 2940
330 | 260 | 80 FF0 | R6/0 | R950
J.25 | X260 | 80 340 (RSP0 | 2730 |
2,00 | 290 | g0 370 |R230| 2600 |
R/ | 90 go I70 | RR70 26403
4,30 | R70 | &0 IO (2650 |70%0 |
FFE | R64 | BO | 5340 |26z20 | 2960
8.00 (2490 | 80 | JR20 |25R0c |2840
S /5 | 290 | 80 FR0 | 2460|2780
3.830 | 240 8o FRO | 2480 | 2780
S 95 | 270 o 290 (2830|2820
.00 | 2850 | 80 | 330 | 2570 | 28¢0|
GC./5 | 240 | &0 FRO | R820| 2840
6,30 | R50 | 80 FJ30 (2430 | R760
6.45 | 260 | 80 340 | 2600 | 2940
7200 | 280 | 80 | 330 |Rs50| 2880
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‘ | A
7/776 | Br7 "ﬁf/@c?‘ejﬁi‘a‘ar/mrl Crrac7ed
7.00 | 28.4 274 | 270 256
Zs0 | 284 274 | 28.2 | 268
720 | 284 274 284 270
| 7.50 | 284 274 | 286 272
790 | 28.94 zz4 | 28.7 | 273
257 | 284 2724 | 28.7 |27 3
8.00 | 28.4 279 | 287 | 273
810 | 2804 274 | 290 | 275
820 | 284 274 | 288 274
8.30 | 284 279 287 273
8#0 | 284 279 | 28.¢ 272
850 | 28.9 274 286 272
Qo0 28.4 279 R8.8 274
/0 | 28.6 27.7 | 290 | 275
9.20 | 286 277 | 290  =27s
930 | 286 277 290 | 225
7.0 | 286 (277 |29/ 276
590 | 8.5 27285 | 292 | 277
/0.00 | 28.6 277 | R%s | R76
/0./0 | 28.3 272 | RE&E |\ 274
/0.20| 286 277 | 26.& (274

t
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Vacaum ‘/c‘aw /

Tome | B 7 |Crrocibd\Dartrard Correctbad .
/0.30 | 285 | 275 | 288 | 274
/090 | 28.6 | 277 | 289 |75
/0.5 285.6 277 290 | 7S
/500 | 286 | 277 | R8.9. | R7Z S
/429 | 28.6 | 277 | R8.9 | R7.5
/RO | 28.8 | 275 | R8.9 |R7 &
H.30 | 285 | 228 | 28.8 | R7<
SO | 288 | R7.8 | R8.9? | 22 S
NSO | 2.4 | R7.F | 28.8 274
/2,00 | 284 |27.% | 28.7 | R7.73
/R0 | 284 | 7.4 | R8.7 273
/.20 | 28.4 | 274 | R8.7 | 27.3
/230 | 28.4 | 274 | 28.7 | R7.3
Jof0 | 26,8 | 275 | 26.8 | 274
/250 | 8.8 | 275 | 28.8 27
L09 | 28,85 (275 | RE88 | 2%
/. /70 285 | 7.5 | 287 275
120 | 28.5 | 2765 | 26.8 | 277
/30 | 28.5 | 2725 | 28.7 | 273
2 - —
R00 | 285|275 |28.8 |R7F



/d:aaﬂ? Cr7 / |

Tme | FrT lorreston Toboard Cotrecton
215 | 205 | 2725 | 289 | 273
2. 30 28.4 Ry 28.7. | Rr3
A8 28-9 274 28.8 | 274
3.00 | Q8.2 270 28.6 | 272
3./5 | 28.4 2)< 28.8 2,4
3.30 | 28.6§ | 2r5 | 2o.o | _R)rS
3.498 | 285 | RrS5 | 29./ | RIr6G

v 400 | 28§ 275 288 @274
4./5 | 885 | RrS 29.0 ‘ _27-5
430 | zs8.6 27 7 29.7 R27 6
4.45 | 265 | 275 | 200 | 225
500 | 285 | 275 | 290 | 2y

S5 /5 | eeS 275 | 290 275 |
S5.30 | 28.5 .27.5'.29.0 278
3495 | 28.5 225 | 290 225
600 | 28.6 | 277 | 290 | 2rs
G /5 | 28.6 R77 29.0 | R7-5 |
G.30 | 268.5 | R7-5 | 29%.0 27.5
6.45 | 268.6 277 | 29/ 27 €
7.00 | 26.6 | 27% 29.7 2.6
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_ﬂ_/:@/_/f/” /76‘/6’570)//%72,/_
I | . —

|

Tiome |Foactlyy| Tiime |Radtyg| Trtve | Soadi
700 | /90 |l0.30| /885 | 2./5 | /.80
Zso | %0 | Jo.#0 | L70 | R.30 | /85
720 | /.90 | Jo.50 | /75 | R.45 | /.80
730 | /45 | /r.00 | 180 | 3.00 | 0. %0
740 | 57 | ss0 | 180 | 3185 175
250 | L85T | /RO | /75 3.30 | /.80
800 | /.55 | /Z0 | /80 | 3.9485 | /85
810 /8o te | .80 2,00 | /.85
820 —_— S Te | 170 2,785 | R./70
836 | Léo | /.00 | /85 | #.54 | /.85
8490 | /.75 | se.s0| 170 | 495 | 175
850 155 | s220 | /.80 S.00 | /80
900 | g |/2.830 | 475 | S5 | L 75
Qr0 | S 65 | /1RG0 | /L 70 S 30 | /.85
9220 | L55 | 1280 | 175 | £95 | /.75

9 30 /6o J 00 | /L85 | 6.00 | /75
9.90 | / é0 /ro | L85 | 6/5 | /.80
9.50 | L éo /.20 | /80 6.30 | 200
Sooo | S70 | /5O | /.90 | 6.95 | /.85
J0.70 | L70 | /. #& 700 | /80
| 70.20 | s70 | 200 | /.90




Calorvmerer Lae
|2mfr ol | Cotl Fassure Liler/Fess.
SIS0 o 2 |
ST 20 RVAL L1
| rr5s& 70 /76
 Tetas | Z#35| 20 424
Average | /125 | 70 /9L
SIFEO Z o /FT
SSFO 7.2 S35
Sotas/ | RR8.0 /4o R70
drerage | /79| 7o | /I8
| /RO, 0 ST /7S
/20,3 2.9 /48
/7R J.o —
//8./ —_— —
/7 F — —
/13 2 —_ . —_—
/73R — —_—
S35 -_— —
| yrz2 | — —
SIS0 | — —_
Totes |1069.0 | /4 ¢ 250
| M—:f_e /76, F S0 /A5




CALCULATION

Eqiivalent Evaporation

Boiler PreSSUTE « « + « o+ o o v o ... . . . 140.2 1bs.
BETOMELOT « o + v o e e e e e e e e e e . . 14,7 1Ds.
Absolute Boilér Pressure . « « o o o o« « ¢ + o .154.9 1bs.
Quelity of Steam . . . . . . . . . . ... . .'96.0%

Q+XR: gt 15479 1bs. . . « . . . « . . . . . . 1,1B7!6°B.T.U.

Qat 202.7°F. . . . . .. ... . . ... . 170.9 B.TVU.

Heat to vaporize 1 1b. of feed water

(4% priming) . . . . . . 986.7 B.T.U.

Q 8F VECUUM « v + v + v 4 v e e e e e e e e . .MM B.T.U.

Equivalent Evaporation ‘:331?5,00§ x 986.7
' 966 .3

C 179,000 1bs.

Equivélent Evaporation per 1b. of coal =h,l%§%§§%_
*

, - - 11.1 1bs.
Equivalent Evaporation per sq. f£t. of Heabing Surface

179,000 _ 6.06 1bs.
29,500 '

J

Coal burned per sq. f£t. of @rate Surface per Hour

67220 — 21.5 1bs.

5z



CALCULARION ( con. )

Boiler Horse Power {A.S.M.E. Reting )

' 175,000 x 986.7

Heat sbsorbed by Water in Boiler per 1b. of Coal

175,000 x 986.7 - '
- 1 = 10,700 B. T. U.

Thermal Efficiency
986.7 x 175,000 x 100
14,510 x 16,100

-

Total Steam per Shaft Hor§e~Bowér

175,000 . '
_______ = 16.8 1lbs. .

Engine Steam per Shaft Horse Power

153,000 .
—————— [ . - 14:.7 1.bsi
10,400 . -~

L
B. ¥, U. per Shaft Horse‘Power
1080 x 153,000
| ememeeeemeeeee= = 265 B, T. U,
60 = 10,400 ‘

Coal por Shaft Horse Power
A

————— = 1.55 1bs.

53



DISCUSSION OF RESULTS.

From previous statements it is evident that errors
of more than 2% in the coal rate and 1% in the feed
water rate are unlikely. A possible error of 10% in the
auxiliary steam could not affect the engine steam to
more then 1,2%{ An error of 1% in the feed water will
affect the engine steam byAabouﬁ 1%, so that the total
error in the engine steam is not likely to be gréater
than 8%.

The equivalent evaporation is affected.by five fac-

tors---the boiler pressure, the‘quality of the steam,the

temperature of the feed water, the feed water rate, and

the coal rate. Any errors which are likely to occur in
the first three of thesé are .s0 small as compared with
the probaeble errors in the last two as to be hegligible,
‘so that the error introduced into the equivalent evapo-
ration per poundkof coal is not greater than 2.5%.

With probable errors of 3% in the shaft horse power
and 1% in the feed water rate, the totel error in the
gteam per shaft horse power would not be more than 3.5%.

The error in the engine steam and the coal per shaft
horse power cannot be more than 3.5% as can be seen by

the above figureé.
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CONCIUSION.

This test was run under favorsble conditions as re-
gards Weathér and sea and the results given here are
avérage results obtained in regular service between
Bogton and New York. From & considerafion of all the
errors entering info this work the results are seen to
be certainly sccurste within 3.5% end the probable error
is.smaller.

We hereby express our thanks to 211 who have in any

way aided us in this work.

Respectfully submitted:

~ Signature redacted
‘Signature redacted \





