A

oo



THESIS

A,

3 1293 00679 3164

[ .

Uiiis thesis wais contrivutea-vy - -
ITe Vie Fe LI
unuer the acte inaicated Uy tie uw urtaent

staln, to re . lace Ghee orisimed wihich vis
asstroyed in the ire of .uach S, 1415,

. ————— LET—
A ——

L AR TG

TR AT

RRIRTIRISIRTRYS

rEYERI
%3

S XBA K JEAZ S

LT ST




PLACE IN RETURN BOX to remove this checkout from your record.
TO AVOID FINES return on or before date due.

DATE DUE DATEDUE DATE DUE

MSU Is An Affirmative ActiorVEqual Opportunity Institution
ci\circ\datedus. pm3.




Lo IR

N

wowa) 0 4 ,‘ DG GHeee

(o AL TR T R S T
. . e b : - ‘o * o ’ '

e e : LT e enes
MEPIETS SR SR R T ]

L.

oo AU IS IR

AT AL

> emeny

bt "f

om(

ii{jessees

[



THESIS



e om e S A g R LIRS Sl b PV T A s LR ndan T, BERAIEIT BEE So b MRS P en LB
C PR ORISR TN S ;‘;’.-.'.J. N »C~ - Ak P il A ves wa“A,. -

T oBrest o Lhans Woulg 1a Lo dela ming Lhn olnumsrsdnld

e ficiany,, 8. 4L Lho ohviracterietlics, mmd Y mMmalative powol
Qevole 4 in Lo stacegs TR wootino oonalidonn wers Vet ag
neas 0ngbanlt L8 0 3lThlae

The rashine Logtcd 708 g LWelveeine ) 8li=g%aa 20 glean
tirhine rated U ton hicoerowed at Lo Shooaand cavmludtiong

Pr mANU UG,

T losla waoe A8 In L eleny ep~inag laboon

Taghanlical NWillalno,

Tha auxdliinsT 2 cAarat g goncletasd o2 g hereldn nal 8o fany

.

cundenger, wvad o By TNISANS M LB Al 8200 'Be
Glav ws g 140 Lo L oBing Proes Uhy o N lea porTam

Tha pooeer sy a%goohed Yoo water hpewle oorngintlaoe 7
6 21l cirgidans gog oot o LR i g™ o analonqd o
haers
¢ sin-

oasin-

+ R
Vann G N

Gl W crBlinte o S2latlion ol Ui walor sozdinst e vl Thnan
ocneliv ted 5 ceglel e wileh algo Bl L

P o~ . . PRI IR
amd at ol wulaes onbovine waa o oLoenllad Do

- . . . N x - . ..
oLTinT o Yer; fine ndi:sl (e Thw poontop Lo Jmath ol e

264855



of the rins cof water the proater the power adsorbeds The hent
gonwruted by the friotlion was carried away by the water whlch
egoaped by means of an openins in tho under sie cf the casing
and through the dace of the turdinee.

The stean admisslon ia gontrolled by a throtiling governor
of the gentrifural typse wiih a dalanced piston valve. 7The
operation of the wvalve ls such th:t in cana the poverno: ghould
break the valve wiuld autonatlcally cloce

The governor welzhis ¢ nelst ¢f two somisoylindecrical
pisces of etesl wiloh are throwm apart by the centrifurnl ic‘.ion
and at the game time sot asainst a coiled gpring on “he shufte
Huoh troudble was exporlenced wilh the governor due to the catche
inz or sticking of the spring at varlious polnig, thus giving
a vory irregulsr amount of stesn admissions. Tho wariatlon of
the apred with ohanre of load showed Lhut the stean adnlssion
®ag praotloslly oonstont t-ug showinn a very pooP governore
The eonstant stesn: admisalon ean Yo scgounted for rartially by
ithe piping which allowsd sgtsan Lo enter the turbine without
p=seins through c!;a throttling valve of the povernors

The eondensinn water and the water for the dbralke was '
turnighed ;u. 4 of the time from the ecllege waltor system and
part by lhe ladoratory circulsting pumpse

The eondsnsed gteun was pumped from the ccndensor by the
wveouun pump dilreotly into welghing barrels sebt upon wolphing
scalsge When ihe run wag com loled the condensed stean wag run
4nto another darrel by shiftins ithe eonducting plpss These
barrels wore smptlied 1nto the gewer system Lhriugh the Duses

mente
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CURVES

Calﬁbration curves were plotted fur eash of the pressure
and vacuum gauges and all the average or mean readings were
corrected by these curves, thus giving aceurate resultis,

To show the poor conirol of the governor curves with
speed as ordinaites and torque as abscissa were plotted. The
speed varied in the gix stages nearly inversely as the torgue
showing thet wery llittle 2f any change was made in the power
developed and the very poor gontroll of the speed..

Be. He . P.. st0am consumption curves were plotted to show the
horsgepower developed for the various arrangements of stages and
80 show the relative value of the stages to the turbine. The
maximum horsepower developed for two stages wasg 4,66 w-lich was
about one-half the H..P,.developed with 8 stages.. Stage pressure
eurves were plotted to show the expansion of the steam through the
turbine, BStages were plotted as abselssa and pressures as
ordinates,..

A ourve whioch shows the H, P, developed by the stages 1is
plotted using as abscissa the two steges, 4 stages and six
stages that were used and the ordinates were the maximum H, P..
developed by these stages.

A ourve of B,.H, P.. and speed is plotited which shows the
drop in sp.ed as the B..H..P.. 18 increased.. Finally the B. H..P.
drops back as a result in the drop in speed due to over load of
the brake.



GIN BAL CONCLUBIONS

As a result of the tests the followings conolusions are
drawne.

As & heat engine tho efficiency of the Norr Turdblne is
vory low when oparsding under a nodium vaouum presgure and a
stean pressure of 90f,. This 1s shewn in Ltho tesis where the
loweat steam gonsumplion pur D He.Pe. por hour amounted to
68474 and it vuried from thut welisht to 1B} per Be He.Pe. por
hours. Thua Lhe oomrurolal efflelency is very low and pioe
vided th:t tho conditicns obtainatle were similar %o those we
had, the XKerr Turbine would be a very unsconomioal means of
arivins power ag com 2red with other hoot enginess.

The negessity of all of the slanos for the moat econom=
L0al operaticn of the turbine is ajparent sinsce with the six
stases in place the loweet steam consunrilon per Be.lle Pe. 18
obteinahle, The gane amount of steanm expanding mose rapldly
than when the six sgtares are 1in, as ls the oas> when two or
four gteges rere in does not exert the torque on the ghaft since
this load ca-ried was much less in the latter cusese Tho
weloclity through the nozales nust de preater when runnins with
a low aunder of stozes, dut the affect of the total kinetle
energy of the steam upon the cupa on the rotor is less as s.own
By the B,. He.Pe. dovelopeds.

Therefore the most sconomical ratd of expension of stean
ccours whon the gix giages are in the turbine and in this case
the prentest power is developeds

The expension of the stean through the stapges le very



eonstent or regulsr ag ghown by the stare pressure curvess
However, wvhen the nosales wore removed in the lower stages
there was giill some expansion th:t tuok pluce due to the ine
suffiolent o.en'ing in the nossle holes us shown B’ the stage
pressure curves beyond the stapes thit we.re doing worke To
make sure ih-t no work would be done in the lower stages
however the rotor disks in these stapes we. e rencved from the
shaft,.

The work done in eagh stane depends upon the effeot of the
kinetis energy of the steam upon the rotor disks of the staro,
The kinetic nergy depends upon the square of the veloclity
0f the stean and the velocity varies as the difference in pres-
sure in the cifferent stapges. Therefore, tho relative amount
of power daveloped in each stare oan be approximetely obtained
by subtractinz the ordinate of the next stare lower fronm the
ordinate for that stage and eompuring the square of theee
dirferencegs By doing this we find thut the power developed
is distributed most regularly when the gix stapges o @ in ugse and
most irregularly when the two stages are used. Therefors,
another value ¢f the sixz stages wien the expansion rate is
fixed as il 18 nowy 18 the equal or nearly equal distridutlon
of the power developed over the entiro turbdine,.

Ae Dbefore gtated the governor is wery poor and had
proetically no effeet upon th: steam comsumption as showen
by the B,.He.Pe. 8po0d curvess The spoed dropped materlally as
the 3,.1, Pe. increased and then the 1B, H, P,.dec eased due
to loss of spoed and too great a frisction in the bruke,
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Ta8b Noe. 1

Load

Barometer

Durantion of teat

Re Po.X,.

Pressure cn main
Pressu.e on exhaust
Temp.. condensed steam
Be .o -Pe-

Total steam conden:ed
Stean por B il,.Pe. por hour

Teat Mo, 2

Load

Burometer

Durstion of test

Re Po U,

Press..e un main
Pregsu'e on exhaust
Ten o. oondonsed stean
e-1le. Pq.

Total steunm ocndensed

8team p.or D¢ le.Pe.prd houp

Teot lioe 3
Lord
Bironater

Miiation of teat

2 slages
oy
230,009
40 mine.
6473
00, &
4,05;¢ adgoliutle
1039
« 350
123,63
7163

1 etuses
34
20 .
40 mine
8741
305
8. 34% abda,
112Y
Sed4
3214
1436

3 atnpos
&7
30, T

40 nin,



Re Po . He

Pressure on main
Pressu.e on exhiust
Tenpe oondensed siean
Be 1le.Ps

Totul stean oondonsged

8team por [, [le.Pe e hour

Test No. 4 .
Lo:4

Daronster

Durstion ol Lead

Re Po.U,.

Pressu:'¢« on nain
Pressu.'e on exhauad
Tempe 0 condenzed steam
Be.Te Po.

Total stean ¢ ndoensed

gleam ;.:r 3,.7¢.Pe ' h ur

Tuat Hoe 8
Load
Bargnetaor
Duration of test
Re Vo-He.
| Pregsu.e on maln
Pressure cn exhuugd
Terpe. 0 oundenced stean

PRy ] :?. p.

2 etarosg
&}
200009

40 min..

3303

O o0
Be33f abse
8v
3,70°
545.°
197,50

é gtares
o2}

RGN S

40 min..

83063

80,58
4,.7%¢ adse.
12349
0804



Tuohal plLewr. o ierod

£heam P By le. P por h i

Tent 0e ©
Load
durematar
Purstion cf teatd
Ne Pe i
Preasi e ocn naln

recau.-e un axhn.gl
Tornpe. ¢f condensad stenrn
e -Tla Po
Tota)l stan ¢ nionged

Blenny pon e He. Pe. 0P hour

Te8% lioe 7

Lond

prorster

Duraticn of teat

le Po e

7reasuce on raln
Proszau.e on exhuuad

TarDe. ¢ ¢ ndengnd stenn

»-

it ] . y
Qe "f.o L@

Total atenm ¢ ndensed

-

8lonm [or Te Ile. Py pozr houre

30

1.0t
(R

3 gtares
102
32400,
40 nin,.
4080
DU -
Tedks NG,
11343
De27
53060 7

~
5’3. 7;’



Test Moo, 8

Lo-:q4

Barometer
Duri:tiun of tesd
e -Pe.2ig.
Precau.e maln

Presgu e on exhaugd
Tempe. of gonlensed steon
Be-ile-Po.

Total stean condensed

Steam pOr 3y.1e.Pe.par h ur

Tasd L0 -0

Load

Ducoreler

Du.aticn of toat

He Po lo-

Preceulrs on na.n
Fressuire In exhaust
Tonge. ¢ otndenszed stenn
il lig.Py.

Totnl sisa condensad

Bluenn oo De e P.o e hure
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Test loe. 12

Lazd

Beromater

Ne Pe.21q

P.oezgi.e ¢ ma'n
Pregsied on erhiaust
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