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EFFICIENCY TESTS OF KERR STEAM TURBINE

The purrose of this test is to determine the
offiqienoies and some of the characteristics of the
xeri ten horse-power steam turbine. Our objeot has
been to.dotermine the efficiencies under different work-
1né condi tiona,

The teésts were carried on the testing labora-
tcry of the Mechanical Building. The plant consisted
of the turhine, a surface condenser and vaouum punmp,
woighin. harrels and scales,

The wachine tested was a twelve inoch, six
stage Kerr steau turbine with a rating of ten horse-
rovexr at four thousanu revolutions per minute, The
principal dimerisions are given cn the accomranving blue
prints,

The stear. admission is controlled hy a thrott-
ling governor of the ocentrifugal type with « balanced
piston valve, the balance bein- such that in case the

governcr shonld break or beoome lcose while running,
the valve would at once oclose. The governor weights
aot against a courression spring and the action is very
unstabie when near the extreme nositions. Considerable
trouble was exrerienced with hunting, Stear. was sup~-
plied to the turbine and vacuum pump from the laboratory
main which was fed from the Power House during the
eighty pound tests ani fro:: the College Road Roller

boiler durin- the one hundred fifteen pound tests,
264300






The power was absorbed by a specially con-
structed friction brake which wan surrlied by the
makers with the machine, The action of the brake was
quite satisfaotory considering the verv linmited amount
of surface which was required to radiate all the herat,

The cooling water discharged into a reoctan-
gular basin above the rullev and reached the surface
of the rulley by means of several small holes through
the urrer arm:, Oné or two rieces of soar were kert.
in the Lasin continuously so that th- water discharged
against ther, The brake shoes and rulley surface
were thus kert lubricated, and smooth, strady acticn
resulted.

The surface condenser was sur-lied with cocl=-
ing water from the college water syster and sc required
no ciroulating runp. The condensed exhaust was punped
out of the condenser and the waocuum maintained by a
Knowles single aoting punp. Pror: the -unp the conden-
sation was carried to the weighing platform in the
corner of the laboratory where 1t couli be discharged
directly intc thc sewer after heing weighed.

To welgh the condensation we used two barrels
with 1uick orenin~ valves, one beins rlaced on the
rlatforr: of the weighing scales and the other on a rlat-
form raised to such a height that it discharged direct-
ly into the otlier and the discharge ripe fron the ruip

emptied into the upprer harrel which acted as a reser-

voirwhile the lower barrel was heing emptied and the



-3 -
scales balanced. We never had occasion to use the
upper Larrel in the uniddle of a test because the lower
barrel was in every case large enough to hold the total
condennsed steam oconsumed during a half hour.

The speed was determined by a tachometer outfit
made up of a swall direct current generator, a resistance
box and a voltmetexr reading to three volts, The gener-
ator field consists of permanent magnete housed in a
spherical shell mounted cn a simrle standard and adjust-
able to any héight'or angle. The armature had few
turns of wire and several coila., The armature shaft
was directly connected to the end of the turbine shaft
by means of a coil srring acting as a flexible shaft.

The generatoxr prorer is not mcre than four inches 4in
dianeter, The tachometer was calibrated by mears of
a counting speed indicator, readings being talen while
the turbine was running oconstant. It was found that
with a resistance of five hundred twenty—aii ohria
in the rhéostut, the voltueter would read one volt for
two thousand revolutions per minute, one an! cne~half
volts for three thousand revolutions, and sc on. A
calibration was made fror. tiue tc time to see that
no change took place, 8ince the génerator has a ocon=-
stant fleld, the voltage varies directly as the speed.

The calorimeter used was a Peabody Throttling
Calorineter with expansion chambers oren to the atmos~
rhere, A small mancmeter was attached to 4he expansion

chamber which wially read three or four inches of mer-
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cury. The calorimeter took the stean. through a stan-
dar«d sanrler,

The rressures were measured by means of test
gauges and mercury nanometers, using the gauges on steam
pressures and the manometer cn vaouuns,. A gauge read-
ing both pressures and vacuums was used on the stages

reading nearest atmcaghere.

In all ahout twenty teste were 1.ade, each of
thirty ninutes duration. Twc steam pres:ures were used,
eishty rounds and one hundred fifteen pcunds by the
gauge, Three different exhaust vacuums were used rang-
ing as high as twenty 1noﬁea. Owing tc thc incapacity
of the condenser munp, it was impossible to hold tho

vacuuns uniform thrcushout the tests, In some of
the heavier loads only one or two vaouums ocould be
reached, .

Teats were run with three different loads,
quarter, ﬁalf and three—gquarter loads. It was our in-
tenticn to run full load tests but 1t was impossihle
with thc steam pressures and squirment at hand. It
might still have been possible had it not heen for the
limits time placed uron us., |

puring the thirty minutes the tests were ruﬁ,
readings were taken every five minutes, sums and means
. of the readings bein: taken for nurroses of computation.
When startin: d now test with a new sctl of oconditicne
as load, vacuum and stew: pressure, the turbine was

brou~ht un tc sneed anil run ahout fifteen minutes until
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conditions got ccnstant hefore the test was made.
Owing to the lack of constanocy ¢f vaouum

thrcughout the tests, difficulty was et with in geté

ting Buffioient tests with only two variables for the

purpcse of rnlotting such curves as were desired.

Owinz to this fact, but comrarativeiy few of the teats

woere used for purposes of plotting.

CURVES

For the rurrc:2e c¢f ccniraring the data o the
varicus tests tuwo sets of curves were plotted, the steanm
consumption load ourves having stea: consunption in pounds
vror hour plottsd us ordinates and loial in horse-power
ar: abhacissa for three valves of exhaust pressure, The
tctal stea:: consunption curvea were first rlctted, only
a few points bein; necessary to determine them, and
from these the stcar: consumption rer horse-rower hour
curves were deter:ined.

Two steam consymptinn vacuum ourves at nc
loa:l were plotted, one being at one hundred f{ifteen
poun.ls main rrecsure, the other ut eighty pounds main
ﬂressure. These curves shew the effect of vacuum on
machine losses and give a comrarison of machine losses
for two values c¢f initial rresoure.

Another ot cf curves shews the expansion line
of stear thrcush the turhbine, the polints -lctted heing
the nressure obaerved in the varicus s*tagess Two other

curves are shown on t“is sheet. One i1s a double curve,

each s5tage ordinate rerresenting the ccmbined areas of
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the noszlens in thut ntage. The seoconi rerresents the
velocitiess of the steam in the various s'ages. Theo~
ratically the veloclty should be a conntant for eagh
stagse anﬁ thie: ourve a straight line narallel tc¢ the
bape, The unit taken for thic curve was one large

oross=seotion from the basa.

RESULTS
NOZZLES
Proa govornor throttle tc first stage, one noz-
zle, Diam, - .36 in. Area - .QGC715 s8q. ft.
Pron firat atage to second stage, two norales,
Diar:, = ,312 4n. Arsa - L,000B31 aq.ft.
Pro:i mecond stage tc thixd stage, three norzles.
Diam, = 300 in, Area - . COBO7 Bq.ft.
Prcrn third stuze to fcurth stage, four nozzles,
Dlami, = <314 in. Aren = ,0C0bB38B mq.L¢t.
Prorn fourth staze to {ifth stage, six nomzles.
Diam. = 306 in, Area = GOGHCT sq.ft.
Prom £ifth atage to sixth astage, eisht nozzles,
Diane, = 4317 in, Area = .0C0OH48 81.ft.

FOTHVTLAR

x . R+ Op(t. - 1) - o wality of stoan btofore
x

saturation,

to -t . A+ 0p(

t. - t) -li for surertoat,
Cr

. Thermodynaric efficiency - ( T = T)

=
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Thernal effioiency = ( A W ),

T
NO. 1
NO LOAD, EXHAUST AT ATMOSPHFRE
Duration of test 3C min.
R. P, M. 3650

Tomperature of exhaust
Teuperature cf roon 76° F.

Baroneter reading - /2,20 in, - 14.38 1lbs,

Preasure on the main 80 1lbs.
Pressure on ti.e exhaust 26 "
Boiler teuperature at ex-

haust rressure 211,76 F.
Moisture in the stean 6%

Total steam per hour condensed 169 1lhs.

Total steam —er Your con-
densed (Dry). 168.256 1lbs.

Total heat surrlied rexr hour 187033 B.T.U,

LOAD = .49 H. P., ggﬁA%ST AT ATMOSPIERE
Duration of test 38 min.
R. P. M, 3660
Terperature of exhaust 131.6°F
Temperature of room 76°F

Barometer reading-2Q32 in. = 14,38 1lhs.
Pressure on the riain 80.3 »
Pressure on the exhaust 0 n

Boiler terprerature at ex-
haust pressure 210.9°F



Mcisture in stew- 7
Total stea. pexr hour ocondensed 173.7 lbs.

Tctal stea.. per hour con-
Aersed (Dry). 172.6 "

Tptal heat surrlied rer hour 2303666 B.T.U.
B. H. P. «4S

Total werk drne in B,T.V.
rer hour 1.48,.2

Stew: per B.H.P. hour (Dry) 352 1lba,
Thermodynu:niio effiocienoy, (T - T) - 13.5679
T

Thermal effiolenoy, (A ¥) _ 6%
&
NO. 3
L.OAD 1.82 H.P., EXHAUST AT ATMOSPHERE
Duraticn of test 30 win.
R, P.M. 36C0

Temrerature of exhaust
Ter:rarature of roon 76°F

Baroneter reading - 20,32 in.- 14,39 1bs,

Pressure on t'~ nuin 80 "
Pressure cn the exhaust 5 .
Boiler ter.rerature at exw

haust rressure 212.61°F
Moisture in the stean - 1.29

Total stearn rer hour ocndensed 244 lbs.,

Tctal steam per hour condens-
ed (Dry). 241.1 "

Total heat sur-lied rer heur 2856360 B.T.U.
B. H. P. 1.82
Total woxrk done on B.T.U.

pexr hour 4630
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Stear per B, H. P, heur (dvv)
Thernmodvnanioc efficienoy

Therr.al effioiency

NO. 4
4.4 H.P., EXHAUST AT

LOAD =
Duration ¢l test
R, P. M,

Te:.rexrature of exhaust
Tewnerature ¢ roon

Barcweter rea.ling= 20,54 in,=
Pressure on th~» main
Pressurs on the exhaust

Boilor temperature at ex-
haust rresisure

Moisture in stean
Total steam rer hr.condensed

Total ateir. pex hour con-
denased zDry)

Total heat su:rlied per hr.
B. H. P,

Total work <one in B,T.U.
rer honr

Stea per B.K.P. hr. (Dry)
Thornodynwnic efficiency

Therinal efficiency

193.58
14,169
1.6%

1lbs,

ATMOSPHELE
o0 min,

4660

76’ F
14.37 1lbsa,
80 1lbs.
1.3 1bas,

215.3F
1.3%
365 1hs,

360.4 1lbs.
415026 B.T.U,
4.4

11180
79.6 1bs.
13,794
2.7%
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NO LOAD, 8.76 ggéguu AT EXHAUST
Duration of test 30 min,
R. P. M. 3670
Tenperature of exhaust 190°
Tenrerature of room 76°

Barometer reading-29.41 in. - 14.43 lbs.

Pressure on the main 80 1bs.
Pressure on the exhaust=

"8.75 ino‘: 4.89 lbao
Boiler tu.irerature at ex-

haust pressure: ' 185.88°F
Moisture in the stean Dry

Total steam per hr.conderised 131.05 1lbs.

Total steaw per hour ccn-
densed (Dry) 1:1,6 "

To tal heat sunilied per hr, 143006.5 B.T.U.

LOAD - 3.66 H.P., 7.5 in.VAGUUX AT EXHAUS?
Duration of test 30 min,
R. P. M. 3726
Texperature of exhaust 193,1°F
Tenperature o’ room 78°F

Barometer reading 2¢.29 in, 14.38 1hs.
Pressure on the nain 80 .

Pressure on exhaust-
3,63 in.- -3e7 "

Boiler teriperature at ex-
haust pressure 196.33°F

Moisture in stean 1.3%
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Total stean per hr.gondensed 249 lbs,

Total stexr: pexr hour ocn-
densed (Dry) 245.76 1lbs.

Toiul hoat sup:liecd rer hr, 290728B.T.U.
B. Ho po ;)065

Total werk done in R.T.'J.
rer hour 6745

8tearn pexr B.H.P. hr. (Dry) 93,74 1lbs,

Thermodynanic efficiency 16.314
Theri.al efficiency 24 3%

NO., 7
LOAD = 4.91 H.P.,C in.VACUUM AT EXHAUST
Duration of test 30 wmin,
R. P. N, &H830
Tenpoeratura of eLiulist 18G6°F
Teavarature of rooﬁ 74°F

Barcueter realing=20.30 ines  14.41 1bs,

Pressure on the s.ain 80 "
Pressurc ¢n the exhaust=

-6 1!1.: "3.94 "
Boilsr teurerature at ex-

haust prossure 199,756°F
Moisture in stean 2.5%

Total steann per hr.condensed 363 los,

Total steam per hour con-
densed fDry) 344,88 1ba.

Total heat sunrlied per hr. 409480 B.T.U
B. K. P, 4.91

Total work done in B.T.U,
per hour 12496

8team per B.H.P. hr.(Dry) 70.26 1lbhs,
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Thermodynamio effigiency

Thermnl efficicncy

15.78%
3.06%

30 nin,

NO., 8
LOAD= 6.63H.P., 4.14 in., VACUUM AT EXHAUST
Duraticn of tect
R. P. M,

Terrorature of exhanst
Tenreraturc of the roon
Barometer reaiiny-29.34 in.-=
Pressurc on -the main

Preasure on the exhaust=
-4,14 in,-

Boiler temperature at ex-
hauet pressure

Molature in steon
Tc t:l stear per hr.oondensed

To+al stcwn per hour con-
densed {Dry)

Total heat suprlied rer hr,
B. H. P.

Total work done in B, T. U,
rer hour

Stean rer B.Y.P. Hr. (Dry)
Thermodynanic efficiency

Thexrr..l efliciency

3586
198.56°F
76°F
14,38 1bs,
80 »

436.H lbs,

425.6 "
503814B.T.U.
G.63

16860
03.8 1lbs.,
144
3,559



- 13 -

NO.
NO LOAD, 13.5 in.VACUUM AT EXHAUST

Duration of test 30 min.
R. P. M. 3590
Teipoerature ¢ oxhauut 178°F
Tosrerature ¢ room - 76°F

Barcmeter realing = 20,41 in.= 14.43 lbs,
Pressure on :.ain 80 .

Prascure on the exhaust=

=13.0 in.= 6.6256 "
Boller ternnerature at ex-

haust rressure 193.88°P
Moisture in stean Dry

Total steda.. Ter Wy, Condensed 100lbs.

Total stear 71 heur ¢con-
densed (Lxy) 106 1bs,

Total heat suprlied per hr. 124700 B.T.U.

NO. 10
LOAD= 05.66 H.P., 13.6 in.VACUUM AT EXUAUST

Duration ofi test 30 ain.
R. P, H, 3736
Tenrerature of exhaust 178°F
Temraxrature of room 78°F
Barometerreading-29.8 in - 14.6 1bs,
Pressure on the main 80 .

Presuure on the exhaust- _
15.4 in.-= "60575 1lbs.

Boiler temisrature «t ex-
hausat nreassure 183°F

Moisture in stean 1.35%
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Total stewi. per hr, condsnied 221.5H los.

Total stew: »er hour con-
densed (Dryv) 218.6 "

Total heat surrlied per hr, 261120 B.T.U.

B, H. P. .65
Total work dons in E.T.U,
rer hour 6740
8toam 1~y B.JH.P.hr.(Dry) 79.5 lbus,
Thermodvnar.ic efiicienay 17,99
Tharnal 877iciency cL 7
NO. 11

LOAD = 4.82 H.P., 13 in.VACUUM AT FXHAUST

Duration of teust oG win,
R. Pe i o787
Terperature ¢ exhaust 18U.6" P
TewTeratuie ¢ YooL 78°F

Barometer reading=20.26 in.= 14,36 1lbs,
Pressure on the nuin 80 "

Prassure or the exhaust=

"1;3 in.* "’5089 "
Beiler temrerature at exhaust

DYEBITE 165.46° F
Moisture in stew. 24 5%

Total stleam ror hr,condanscd  349.0 lba.

Tota. steans psr hour ccn-
densed (Dry) 323 1bs.

Total heat surrlied rer hr, 382437 B.T.U.
B. H. P, 4,82

Total woxrk dons in B.T.U. N
per hour 15263
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Stean per H.H.P. hr.(Dry) 06«83 1ha.
Thernodynamic efficiency 17.697
Thernial erficiency 3o,

. §0.13

O LOAD, 1&; ine VACUUM AT RXHAUST

.Duration of test 30 min,
R. P, M, 3814
Temrerature of exhaust 178°F
Tempexature of room 76" P

Barometer reading=-29.64 in.= 14,64 1lbs,
Pressurec con main &80 .

Pressure cn exhaust=
"180}35 in.: "8.90 "

Boiling teuperuturé at exhaust
pressure 196,94 F

Moisture in steam Dry
Total stean rer hr.ocondensed 82 1lbs,

Total steur: rer hour ccn-
donsed per houx (Dry) 8g ®

Total s*ear snyrlied yer hour 96600 B, T. U,

NO. 13
LOAD = 2,58 H.P., 16.9 1lbs, VACUUI{ AT EXHAUST
Duration of test 3C min.
R. P. H. 3750
Tauperature ¢ exhaust 167.7°F
Teicrerature ¢f room 78°F

Barometer reu1ing=29.27 in.=  14.37 1lbs.

Pressure on main 80 »
Pressure at exhaust=
"16.9 ino': -8089 1b80



Boiling tewrserature at ex-

haust rrossure 170.6&°F
Moisture in utoia. C.6%

Total stew. per hr. ocondensed £0H.blbs,

Total stean yexr liour con-
densed {Drv) 2G4,2 1bs,

Total heat surrlied rer hr, 241532-B.T.U,
B. H. P. 2.68

Total work done in B,.T.U.
rexr heur obl4

Stew. » 7 3. F. P. hx.(Dry) 76431 los,

-

Thermodyvnw.ic effiociency 19,48’ F
Trerinl etticiency 2.6
NO. 14

LOATD = 6,98 H.P., 6.2 in, VACUUM AT FYHAUST

Duraticn o test G uin,
K, P. “. 3767
Terneratnure of cxhivist 19°F
Teryarature o Xeoi 7G°F

Baromoter roewding=R9.34 in.= 14.76 lbs,.
Pressure o: the wmain 80 .

Pressure on the exhaustsz
“609 1n0= -:’)038 "

Boilin~ tereraturs at Fx-
hanst rressure 109,38°F

Mcistnre in cteanm 4.54
Totul stewn por hx.cendensed 435 1bs,

Total stsa. ©or hour con-
denzed (Dry) 415,56 1bs.

Tctal heat suwrlied per hr, 487000 B.T.U.
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Totil =ork dons in B.T.U.
pexr hcur 17740

Stemnpver B.H.P. hr. (Drv) 6o 1bs.

Thernodynanic efficiency 14,59
Theri.nl efTiciuncy 546749
NO.16
RIGH PRFSOUT R, NO LOAD, EXHATST AT ATMOSPHEER

Maration of teat 20 wmin,

R. P, . 3720
Temreratirs of exhaust 210°F
Te:irorature ¢ room 7% P.

Barcimater rewiing=2¢.3% ines 14,473 1lbhs,
Pras=uve en “he .adn 11H lbs,.
Prcaosure on the exhanust o "

Beiler tereragure af ex-

haust pressure 312.76°F
Moisture in stoan o5

Total steam per hr, condensed 174 1lbs.

Tc tal stem:z vexr hour con-
densed  (Dxv) 173 »

Totil heat sur~lied ex hr, 06100 B,T.U.

%0, 1G
NO LOAD, 8.b in.VACUUM AT FXHAUST

Duraticn cf{ teat 30 min,
R. p. }'{. 5775
Texverature of exhaust 196.2°F
Tenrerature of roonm 78°PF

Barometer reading= 27.38 in.- 14.43 lbs.



Prosaure on the nain 11lH 1lbs,.
Preassu-e on the exhaust -

~8¢5 in,- -4,17 1hs,
Boiler terircrature at ex-

hanst ‘ 194,38°F
Moiusture in stew: o3¢

Total stew. ner hr,.condensc.a 154 1lbs,

To tal stear per hour con-
Jdensod (Dry) 125.6 1bs.,

To ti.l heat sunrlied per hr, 158764 B.T.U.

NO. 17
NO LOAD, 194L7 in,., VACI
Duration ov tewut oC min,
K. P. M. Z0G7
Teryerature o3 exiauot 14.4°F
Terrerature o7 Ircchi 74°F
Barometer rouwilng=o,5bins ld.4s lbe,
Pressure on the nialn 115 1lbs,
Pressure at exhaust=
"19.57 1n.= "‘9.6 le.
Boiling temperature at ex-
haust preussure 1G6G.67°F
Hoisture in steaxy 1.67%
Totil stenr !er our con-
densed 8: 1bs.
Total stea: rer honr con
densod (Drv) _ 84.5 1lbhs,

Total heat surrlici rax hr, 28692 B.T.T.,



N0, 18
LOAD= 4.H52 H.,P., 10 in. VACUUM AT FXHAUS

Duration o7 test 10 nmin,

pa p- 1{' :')-,{55
Teil exature o exhanuct 1868.° P
Tererature oo roon 79° R

Raroncter readinz=29,52 in.= 14,39 lhs,
Pressure on thce nain 115 1bs,

Pressure at exhausts

-10 ino: -4.91 1b3.
Bniling ter.rerature at exhaust |

Dreasnrs 190,60°F
Moisture in stews 1.07

Total s8tew. »er hr, condanaasd 376 1lhs,

Total stewy. par henr con-

densed (Drv) 333 1lbs,
Total heat suyr-lied pex hr. 395663 B.T.U.
B. . P. 4,52

Total woxrk done in B, T, 1,
her hour 11508

Stea per Z,H.P, hr. (Nryv) 75,52 1bs,

Therrodynaric efficiency 19,337
Tha»ul efficienoy 2,914

NO. 19
LOAT = 4,75 H.P., b in. VACUUA AT EXHAUE
Duratlion of teat 30 min.
R. P. M. 3700
Temprerature of exhaust 197°F
Temperature ni room 79°PF

Barometer reading=s2%.31 in.= 14.37 1lbs.
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Pregsure on the u:ain 115 1lbs,

Pressure on the e€xhaust -

-5 in> =52 1lhs,
Beiler teosraturs it exhcunt

pPressure <U1l.68°F
Moisture in stew: 5t

Total stear. rer hr.condensed 385.5 1lhs,

Totul s%tear: ror hour cocn-
donsad (Dry) S64.6 1bs.

Teial heat mrc llel 76X hr, 4bBECO B, T.U.

3, . P, L7
Totul werk Jdene in 7, T, U,
per hr, 12080
8tean per B.H.P, hr, (Drv) 81 1lhs,
Thermodynar.ic effiociency 174,
Therr.al efficienay 3655
NO. 20

LOAD = 4.82 ',P., EXMAIICT AT ATHOSTIFIR

Duration of test 30 min,

R, P, M, 3760

Teur erature of exhaust 5C8°F
sirerature of roon 79°F

Buroneter reading=09.31 in.,= 14.37 lbs,

Pressure on the nala 116 .
Prossures on the exhaust 000
Boiling tenrerature at ex-

haust 2,86 ®
Moisture in steam 287

Total atenun ner hr.condensed 4l1.6 lhs,
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Total atean 8r hour occn-
ocensed (Dry) 402.6 1ha,

To tal heat su - lie.ua ner hr, 481062 B,T.U.

k. H, P. 4.82
Total worr done in B, v, i,
nery honur 1725560 -

8tear ver R, ¥, P, Hr.(Dry) 85.5 1lba,

Thexri:odynamio efiiciercy 16,8%
Thex:.nl efficisnas PP Lst

N0. 21
OAD=5,9 H,?,, BXHAUST AT ATMOSPHERE

Duriition cf test 30 min,
R. PQ ?"‘[. ?4750
Temverature of exhouit 207.5°PF

r~

Te:iperature of room 77°F
Barometer reading-=22.43 in.= 14,44 1bs.
Pressure on tho nain A1H "
Precsure on ihe exhaust oh .

Beiler terpora‘nure at exhunust
Presisule N15.43F
Mcinture in steas N

Totul stew. rer hr.oendensed 47¢ lbs,

Totil steu:: e hour cen-
densed (Dry) 405 w

Total heat swiplied rer hr, b62994 B,.T.U,
B. H, P, 6.9

Total work done in B.T.U. »
per heur 17004

8ter. per B.H.P. hr. (Dry) 68.568 1lbs.
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