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9 Efficlency of the Elestric Lightint Plmnt of the ‘
Fhode Islisnd Collep~ of Agriculture and Mechanie Arts.

The main iden in the teating of sn alectric 1iphting
plent is to ascertsin whether or not the differant parte of ‘
the nechanism thet hell uske it ecre pgiving the prestent posaibils
af“iclency, or inh other words vh.ther esch nert of the mechin-
ery im doing ite ghere of the work.

The real ¥walues of the test is to ser under *hnt condi-
tions end loeds the machinea oon be placed, mdé yet ha mn
economicnelly.

Tha plent o” the Hhode Iulend C8ldege inoludes nll the
vulldings owned by the Jollepe, flso the axperitent steti n.

The systsi: 1z Dot &n old one, having besn in exiate cn but thres

yanra, but in this time 1¢ has grown wonderfully, now haviige

the larpes direct surrent dynamos, a8 minber of snaller oneas, #lso
g Iarpge alternating current genarntor. It hag two engines, o
vertignal and 2 horizontal, but of the factors that hea bheen
uantioneds the largest diract dynnmo snd the lorisontel engine
pre the onas thet will now ba considered. Thers nre clbo
two lerpe boilera of €0 1LP. ench.

The tests of the factors sbove mentioned natupelly cor-

mencs with tha fuel.

The inportance of this tast may ssan svidsnt to oneas

mind. For instence, i1f n boiler in taklng a grast quentisy
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-u‘ituol B greet deal more than it is rated mt, $he MENEger or
superintendent wduld thin} st rirst thers was something the
matter with the boiler, the flues needed bdlowing o7 or two
mich heat want up the chimney in form of pnses, while perhaps
the real fault ney have been in the emount of combustible
matter in the fuel used, 8o it is seen that it is of the greant-
est importance that the quality of the fuel be taken into
conaidrration.

The parcentage of moisture snd combustible metter is found
and of course by having mm pood aoel ap possible, the smount
of labor that must be expended in feeding the Murince is reduced

The test of the fuel coneists of finging the percentage
of moisture in 1t =nd is usvunily done by using sone Tactor
as & standerd namely one pound mwisture in one hundrad pounds
of fuel represents one per cant of moisture,

Then egnin the test for findipg the smount of combus-
tible matters in fuel which plave & very important ,art nn hns

been statsd.
Yo now come to the hollara which have to undargo two

e ——— s e

geparate teata, the eveporative snd the onloriunetric. The
formar is parformed by letting all the weter out of "he bBoller
thet 1s pospible, Then read tle water neter, Orent care
ahoitld ba taken to have the nahes and clinkors clesned out
befors comencing tha test, Pill the hoiler until it registers J#
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llbh‘ﬁ the one-fourth the height of the puase glaes, Roud the
wator moter again, ¥owv by weans of a plece of colored ecysyon
mark the height of water in puspge gless. Then sllow the water
to run in until 1t raises seven or eight inches in glass and
once more reed the water meater. The difference between this
resding end previ us ore gives the numder of oubio feet of
water to be evaporsted, Ite temperature should elso be noted.
Thie having been done the Tire is started and 8ll Xindling snd
goal should be nccurately welphed, nilowing four-tentha of e
pound of conl for eash pouhd of wood used. The boiler should
be gtenmed, slowly rt firat and later, 1t may be sefe to steosn:
pors ropldly. The boller 18 kept under stesn Pressure until
thw watar drops to the orayon on gusge glasa, The highest pres-
gurs on steam gusge 1a noted end its temperature is obtained
Trom tables,

Having gone through the opeorat'on #s deascribed fhove
ona has sufficiant dete to obtain the evaporstive powar of
ths boller., The following data wue obtalned,

Let R = reading & water Leter bafore lettlug water
into the bollsr.

Let H. = resding after,

Alpo leat Ph = higheoat atesm pressure.

Ry~ 663,208 cu.rt,
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R, = 663,808 cu.1y.
Then Ry - By= 100.6 ou,Tt. the amount of water
evaporated.
1 ouble foot of water weighnm 82.4% 1bs. 100.6 ocu.ft. weiphs
B.271.8 1bu = W,

Ph = 76 1ba, Let W be the weipght of conl used including

wood = 718 lbe, w, clinker, o plus a, ashes = 06,266
percentage of molsture ie 1 1b in every 100 1bs or 1% total
moisture = 71,3 and let this be denoted as My. Then total
amount cosl actually comsumed is W ~(M; plus W, plus a) =
718 ~(71.8 plus PO.EGE) = 546,445 1lbe = Wgp, Percentapge of
sombustible matter in coal is Wen + W = 646,446 + 712 = 86%.
The mumber of pounds of water sveporetsd per piind of combus—
tibls matter equels W, #W, = 8271.2 4 046446 = 11,482 1bs.

The maniber of ypounds of water evaporated per pound of coal
used equals 1!'. 4 W equals 8371.2 4 718 pquals B,71 lbs.
Determination of mumder of heat unite in one pound of steam
&t By, or 76 lbs,

Temperature at P, a&s glven in tadbles 880,0000P = T,

Let 21297 equal normal boiling temperaturs of water = T.
Let .306 equal the inorease in heat unita for every degree
above 212 F. Let 117€.0 oqual total No. of heat units, es

given in teble in one pound of steam at 212 P equals H.,
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Then ( ( Ty - T) .806) plus H, = ( (320.080° - 212°J306 ) plue
1178.6 = 1811,.6818 = Hﬂh'

Deternine the fagtor of svaporation. lLet 1211.5518 or
Hyn equals totel number of heet units in one pound of steam at
820,028° or W,.

Let 80,011 equal heat units in feed water at 60 F.

equals Heyg.

Let $65.Y equal muuber of hest units requiread to evaporate

one pound of weter from and at 218 F. or 7 thanm-&

equals 1211,0618 ~ 66,011 = 1.187
The66Ticlancy of o boller does not depend wholly upon

the rate at whish the water may be reisedor a certain emount
of water evaporated by o certain weight of combustible matter
or fuel applied; but it depands upon the guality of steam
the¥ is, the percentage of moimture in steam. The test which
determines this is cnlled the calomimeter test. The evapo-
rative test really proves little as to the effiglency of =
boiler a8 has besn noticed, while on the othar hand the calo-
rimster test slso reslly proves little of the efficlency
when teken alone, The combination of these two seema to give
the efficlency, the rirst giving the rapidity with which the

atenm mey be raised end Jjust how much may be sxpectad of &
gartein rumber of pounds of comrl. The gecond gives the quality

4
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uhhe parcentage of moisture in stem,

A very inexpensive end convenient form of calorineter
is an ordinary pasoline barrel with one end out of'f perhsps a
foot from the end.

Mogt any form of gotles are pgoods Then to perform the
experiment, weigh very carefully the ocalorimeter, then let
in & mumber of pounds of cold water and note ita temperature.

Then from some source, always from sg small a pipe 8s
possibla, allow steam to pass in for ten oFf twelve minutes.
Arein weigh the ctlorimeter and also note its everage temvera-
ture, Thie having been done one will haversdfficient dats to
find the percentage of watar in steam. The following deta was

obteined. Let Wel equal tha welght of the ealoriuster.

. " . . . * water put in.

* w v » » & ¥ gaded by con-
B

densed steam

Let ':l. indrease of water by condensed stesn,

*T, equel temperature of cold water.
" !h " . * hot ¥
* H, * heat unite contained per pound of
original water in mnnrtar at & temp. of !' P.
Let K, equal heat unita contained per pound of water
after adding stecm, temp. being Ty,
lat . P i i
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(- Let Wy, equal hee$ unite in one pound of dry steam under

pregsure of Ph,
Then Wol equels 48 lbs, Ww equals 800 lba,

Wa equals 214 1ibs , Wi equals Wa - Ww equels 214 - 200 =- 14 lbg
Te equuls 48 P. Ho equnls 48,008 heat units
Th eguels 182 ¥, Hh equals 128,157 * "
Ph equele 80 lba., Hp eguals 1007, 602@
Let 100 be o oconstant, Then,

2l4 =200 | = A8
1807, 6020
= 96,8708 . 100 = 28,0905 of water in stean.

1207.8020

The engine wsed is of the "Ambingtonf and Sims® makeof
high spead tyre. In ordar to find out the amount of work an
angine is doing wa o throuzh & test callad the *indianaton
teat. HNow to get the best results when testing 2. engine with
en indicator, 1t 1im quite essentinl that the valvea should be
zef a8 nearly equal as possible, that is, so that the arank
end of the piston will do no more or lass work thentthe hend
end. It was found whan the engine was fdrst tested that the
hepad end wos doing A greater pert of the work, but, however,

=




~f= the valves had been set so
t&f. & vary good diagram was obtained &t no load, & comparatively
poor one was given when the engine wre wérking under one-
third of engine.capacity, but when the load was incressed the
disgram grav better until vhen the engine was loaded nearly
to 1ts rated cepacity, it was neerly perfect.

These irperfactiona gannot be rendily mocounted for and
ara true of all high speod engioes., It hes beon stated by
zome sthoritins thet 1t is dus to the stean being out of" so |
quickly.

After having obteined the diagram by the indlontor Pest
the indieated horse pover axerted By the engine during the
verious loads mmy be obtaindd, by finding the ares of the
d¢iugren made by each end of the platon by mesns of an instra-
menit, oallsd the planinmetar, which is deaigned for messuring
tha areas of irregular dtns‘rnm. The arsa heving besan found
it 19 multiplisd by the muber of wpring used in the indiontod
and by dividing the producst by the length of the diagran in lin-
ear inchea the guotient will be the mean
affactive pressure, Then by the formula, I HP equals

LA vhare P 18 the mean effeotive pressure in 1bs, |

FheOe0 L is length of the stroka in feeot, |

A' 18 aren of uiston in squore inches.
N is rumber of atroken per ptiimites.
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Bome of the mors important disgrmus giving the different
loads the dynamo was carrying and the indioated horse power
the engine developed under such losds are the following.

Losd of Dynemo
112 volte 70 amperes,

111
113
118
118
112

116
l48
170
200
780

I. H P,
1a.1
B8.16
2l.6
80.86
48,9
63.86

The generstor which farnishes the current is of the
"Eddy Eleotris OGenarstor MAf'g 0o.%, of Windsor, Oonn, and .
It 18 & direct current dynmmo designad
for constant potential at s normal speed of 560 revolutions
par minutes end rated at 1B6 volts and 200 amperes. The peri-
prheral velooity at full speed is 3641.088 fect per minute, and
the horse power required to drive 1t st full load 1s 98.88...

A machine of this denign and type is ndapted for
incandescent lighting usually on a 110 volt eircuit.

T™e fleld la of multipolar form constructed upon nearly
rectangular shaped cores of brass and in the gcenter s large |
hole through whish a soft iron nagnet protrudes nearly to the

type G, mumbgr 5, 480,

armature.

It is compound wound with p reslstance of .4 of

_ an ohm. The sige 0f wire i8 about 8 mim in diameter and
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abﬁatstina of thres sdrands. The armatures is closed coll typs
dram form and consists of 88 colls. The resistance of arma-
ture circuit between brushes is .2 of an ohm, Resistance of
g8 aingle coll 48 ,008 of an ohm. The aisze of the armature
wire gould not be determined. The mumber of gonductors on the
arpoture is 868, The connections of the ¢ olls to commtator
bare oould not be sscertainsd. N.B, The brushes are of osrbon
end twalve in mumber. Its resistance im regulated by 8 regu-
leting field rheontat on the switeh board. Its perinetsr is
9 feat 10 inches and mbout 807% is coversd by the magnet cores
of fleld.

The testing of s compound dynamo econsists of finding ,
the various charscteristic ourves, namesly, the series, the
internal shunt, the externsl shunt, the compound, and the &P~
meture.

In order to find the first the external ocireuit must be
glosed at the stapt with ss little resistance as possible, in :
order to get the machine to pick up. In this experiment the I
geries colln ere alone ussd. In the shunt, vhether external |
or internal the sxternal sireuit may be left open until the
mnghine as ranched ita vequired voltege. In the compound

the external cirouit is laft open until it has resched its

roquired voltege, The armaturs gharacteriatic is deteruinad
by putting & ril-smmeter in seriss with » regulating rheostet

e e e e e I e e s e e e
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II& the field. The fisld current is plotted as ordinates
end the externsl current ns absiacas,

In ench of the other curwes, however, the volts nre
plotted 88 ordinetes nnd the amperss es .u-‘;uu, The follow-
ing are the curves desoribed.

The sfficlency of the plmnt taken ne n whole unit se=ms
extremely good, although some parts sre more efficient then
others sa might naturally be expscted. Swming up the vari-
ous tests we find that the fuel used comkisted of 1 part mols-
turs, 86 perts combustible matter making a grand totsl of 874,
This is sxtremely high, Tuel seldom resching any point above 80%
It sltova how free from elinker, slnote and other non-conbustible
the coal muat have besn.

The evaporafive teat of the boilers slso points out
the high evaporative power of ths boilera., They are capable
of avaperating 11,488 lbe of water per pound of combustible
matter, Tha avarage bollesr ia ocnpabls of avaporsting sbout
8 1lba and in somes capes 10 lbs, Hers again it shows how soon-
omically it ocan bs ™un and in what shape the tubes mmst have
besari in order to get 80 high an evaporative power, The cal-
orimetric test gave the highast percentege of either of the

testa, giving ﬂﬂ.ﬁagﬁ pire ateam, The avarapge boiler will
not give over 89% and in extrems csses resching D%
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The sngine slgo gave a very satisfectory result being

run undsr a load varying from 8 to B H.P. over losd and wss
sasily capeble of oaprying = much greater one.

The 1lnot foctor gave an exocssdingly good ascount of it-
sslf, being run at 26% over-losd and did not heant the risld
goils but 8 very little.

one part of the mlchanism, was below the aversge, but on the

It is se=sn from the summation of tle tesmts, that no

other hand Gave = high ef"ilsisncy.

Data and resulta of efficienay teat.

Test of coupound dynamo mafie by ¥Eddy Rleotric Generstor
M'f'g Oo.,"

Date of test, June, 4, 1800.
Duration of run, 1 hour, 20 minutes,
Kind of generator, direct current, Plald, shunt,
Armature, closed coil type, drum Torm,
Commitator segments, 66,
Resistance of armsturs, hot .21E ohms oold.=2
. * ghunt rield * .83¢ " Y
" * geries coils hot .2 1°¢ LY
Externsl rezistance, 448 ohms.
Temperature of srmature befors »un 22 0. of room 24

" " " after L |7 » " . a7

Potentinl »t terminelas 112 voltn.

C.
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‘ Revolutione per minute 020,
The Tollowing ars points of the various curves
Compoynd Externel shunt.
v, A. Vo A ¥ A
110 2, 97 161 10R46 52
108 a g8 1le4 08 60
108 10 va 1%0 FE.6 83
106 18 76 1ve es 8o
104 28 73 180 78 o8
108 20 a8 181 an eo
1086 62 6Y 188 e 64
. 72 - o, eés €0
108 B8O as 40
g Ba 63 40
108.6 ©@ 1Y 62
101 108 66 66
. 118 41 62
889.6 182 48 a8
g8.6 14 8 48 40
ge, 104 44 44
40.6 48
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Armature chearachbristic pojnte.

Pleld.
a2

8.86

Rxternal.
180
14Y
204
ROY
248
£86
a2

Saries oharsctaristic points.

External. Field.
0 8.25
2 "
8 2.49
10 .
1a .
20 "
it 2.E
2e
B8 Ve A
a8 1.6 16
e L.
76 1.66 12.6
B3 1.66 10
BE 1.6 12
96 1.9 8
1lo 1.0 6
118 2 6
122 2.2 2

Ve As
£.86 1
7.4 0
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