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THESIS



0BJ..CTi= The objeot of this thesis is to determine the
steanm consumption per Brake Rorse ~“ower and per Indicated
Horse Power under &ifferent conditione of back preesure.

Desoription of A.paratus.

ingine:- 7The engine used wus an 8% x 12" engine manu-
factured by the Skxinner .ngine Co. cf Drie, Pa. The engine
ie automatioally governed by ohangins the point ~f out off,
by means of en inertia governor located in one of the fly-
wheels. The stcam porte are 3/4" x 7 3/4" while the exhaunt
port i@ 1 3/4" x 7 3/4". The lead for the orank end was
13/647 heed end was 3/16".

The en;ine is automaticelly lubrieated dy & eplash oilirg
eystem.

Steam 1s tekon from the college nower house about 477
feot dirtant. The ressurc in tho heeder is kept at epnroxi-
mately 120 1bs. per square imch. The en~ine ie Tiped soc as
to exheust either into & condencer, the heatinr systcm of the
Zngineering 3uilding, or directly into the air.

Dimensions:- Engine.

Diameter of oylinder -------- cemanecancanse ar.
StPOK® ==-eecmmecccmccccacccnacccnacoaaa - 12"
Digmeter of riston rod ------ ~evecccce-u- --1 7/16".
Diameter of Fly 'heel eece--c--ccececc-ae .——- 48".
Diemeter of Jrake :heel ----ceccec-c-ccaca= 48".

Cylinder Displacement:-



Head ind (H.:.) - 603.12 ou.in. or .349 Cu. ft.
Crank Znd (C.2.) 6583.68 ou.in. or .3376 ou. f£¢.
Clearance Volume:-

H. Z. - 89.09 ou. in. - ,0516 ou. £t. equale 14.76 7.
C. Z. - 96.59 ou. in. -.0859 ou. £t. equels 16.55 .

Xe Ko Ps Constents equsal K.
H. Z. Constent equal L A equals 1 x 57,266 equale .001627.

Y \

C. 2. Constent " L 2 equsls 1 x (50.265 - 1.623)- .701472.

YRD) 3550
L. B, 2, equale X n .
B, H. ®. equsals C.
C equuls § 1l equils £ x x 4.268 eausls .0"081.
' 30

IV

B. H. P. equ&l. CnV.
The enrine is rated at 300 R. ?. il

Condenser:-

Thie condenser used was & surface ocondeneer ranufactured
by C. i. ‘“heeler Company, “hilsdeslphia, “ea.

The pump uaed in oonnﬁotion'with the condenser was &
bimplo oylinder, doudble soting, stesm actusted nump, men-
uf:otured by Xnowles, Warren, :inss.

The oondensins water wus nurped from the Red Cedar
KRiver by & Dunlex pup munufactured by H. I. Viarthington,
ilew York, il.Y.

The indicator used w:s a Crosdy manufusotured hy the

Crosby Indiector Company.






A 607 indiostor spring wes used throughout the series
of tests. 3Joth the indfcator and epring were calibreted and
found to be correct.

The thermometers used were one 200° dairy thermometer
and a 400° thermometer. Theee were calibrabed by oomparing
with a stendard, and ocorreotion ocurvee nrlotted am shown on
blue nrint sheets No's 10 and 1l.

The steam gauge used wse a 209 ; Test Ceunge, manufaotur-
ed by Scheffer % Budenberg Corpeny, Mew York, &. Y. This was
ocalibrated end found to be correct through the range of steam
pressures used in the tests.

The vaowum gauge registered from 30" vaouum to 40 ¥ pres-
sure. Thies wes likewise ealibrated and found to be correot.

Three nlatform soeles were used, all of which weighed
ocorrectly within the renge desired.

wo weiphing tunkse with velve in bottom, were used in
eonneotion with the sc:les, for the purpose of weipghins the
eondenseld etoan.

UATHOD.

3aofore the aotual testn wero strnrted the engine sas test-
od for leakage in the followins menner. In teating for leaky
piston, two rethods weroc ueed. 0One, by teking the eylinder
head off and turning stetm 1nto the onposite end, the aotual
leakage eould ve oubserved. In the other ethod, the engine
was plecod on desd cater, siving & small amount of lead at
that end of the oylinder. The indientor cock at the opposite
end of the oylinder was opened &nd steem turned on. The amowunt

of stesm esosping through the indicator cock showed the amount



4.

of leakage. The piston leaked badly, duo to one of the rings
being stuok. The pieton wes taken ont and washed in gasoline
which losened the ring. This reduced the leaRage dy & amall
amount.

To test the velves, we placed the v:1lve in mid-podition
&nd blocked the engine. Steam was then turned on. The an-
ount oomping through the indicator cooks showed the leakage.
The vslves proved to be fairly tight.

The elesrance volwie at each end of the oylinder, in-
oluding eteam port, drein pipe £nd indicatof ripe wes found
as follows:

The steci cheat cover wus teken off and paoking wus plaoc-
od of rubber over ths steam port and blooked, the walve 8lso
being removed, 80 as to nprevent leakajje. The engines was pleced
on deud oconter and water wues noured into the olesrance spaee
thténgh the indicator pipe until the scme was full end time
to £111 noted. Then weter wae poured from another source,
Just fast enouch to keen the olearance snsce full for the same
length of time thr¢ 1t took to £111 1t first.

The latter smount was tezen to be the leakage &nd was
subtreoted from the origin:1l emount reguired to f£ill. The re-
sult gave the required 1lbs of water from which the olecrence
volume wes csaloulsted.

In running the tests, the enzinoe and aondenser were start-
ed in the usual manner &n’ sllowed to run for sdout ten minutes
under the desired conditions for the eotusl test. The engine

was run under six different oondiiti ns of baok nressure, n.mely,



54 above atmospher:, et oenherie »ressure, 5", 1927, 15" end
20" of wmouum. |

The Ai1fferont conditi rs8 of beok nressure were seaured
by throttling the exhaunt before it antzred the condenser.
The turottlinz wue eoccoiplished by ~eeno of & rete vielve in
the exhauat pipe leading from engine to condenser.

Undor the first three conditiors of back rreserure, loads
of 60, 100, 153, and 200 1lbe were nlaced on the scales. Under
the lest three eonditions loedw of 6I, 100, 150, 2800, und 280
1be were usad. U=inz the 260 1lbs load, 4t was found {rposs~
{bdle to obtain a 27" wveouuws 138" beins the highest obtainadle.

U:- inc the §0 und 100 # loads each test wae run for one
hour. For the nther louds the teate were 40 minutes in langth
Prom 6 to 10 nminutes werc left between tests having different
brake loads. All the tests usinys the sere back nrescure wore
run oconseoutively. Indiostor osrds were tulen at the begin-
ning m14dle #nd end of eaoch test. =Roadinfs were tiken re £011-
ows ,brake loed, time, steem rressure, back nrres~ure, R. V. M.,
temperature of oondensed stoam, temmaretture in ocalorireter,
barometiric rreasure.

The quality of the stcem ueed, wrs found by means of a
throttling calorimeter.

Knowlng the total amount of steam condensed for any one
teat &nd the quelity, the amount of 4ry stoem per 3. ¥. P.,
and I. H. 7. 001:14 be crlonlated. The results are found tobd-
ulated on shcets 12 &nd 13 of bluenrinte.






The following ourves were nlotted.
3. H. P. 1bs of dry cond. stesm ¥ B. E. ?. / hour.
I. H. P. 1bs of 4ry cond. steem [/ I. . 2. / hour.

Veowum " "~ " " /B H.P. ) "
" " » » ) o / I. H. ». / LA
n ” " ” " [} per hour.
" anzins Eff.

Sampls indieztor gurds are skhcwn on blus nrinte.

Saturation ourves are shown plotted on dluerrinte 26 -
37 inolusive. They are nlotted &s followm:-

Firet an indioator ocard wne drawn.

The length £ the card war taien a8 renresenting the
displaocemont ~f ristonr. Then the line rorresenting olearsnce
was 4r;wva to the ceme scale. 7@ lines of 0 lbe preasure
absolute wes also drcwa. ( See bimeprint 285 for example).

At any point as "D" on the oorpressien ourve 4rop & nerren-
diocular to the Ci# pressure line and also to the olearcnce line.
From these nernendioulars the volurc of steanm and rressure oan
be socled, £nd from a nteem tadble the weisnht of this volume of
etean 05n Be sbtained. Thea the oylinder feed is obtained by
dividing the total lbs of stearm ocondensed per hour dy the num-
ey of strokes per hour. The sum of the 0ylinder feed and ocus-
hion steam which has been obtained gives the totel smount of
osteam in the oylinder. From steem table, the weight of etean
in the oylinder by the weirht stwves of 1 ou £¢. at any given
pressure gives the volume of eteam in the oylinder at that
pressure a8 " A 3". Using this method the ourve © 3 i nlotted,






which is the saturation surve and would rerresent the ex-
pansion of the steam in the oylinder »roviding no donden-
setion tork n»lace.

COIC XTI,

From a study of the ourves, woe would conclude that the
steam oconsumption deoresser with en inorence of vaouum.

The eteam per B. H. P. and per I. H. ?. per hour, drops
up to ths rated loald after whioh i1t ircrsaecr g8lightly, the
rated load being abvont 40 H.>2.

"he clearances volur~e i1a higher than 18 usually found in
high epeed engines, Xent éiving from 8 - 12 7 vhile thie engi-
ne has from 156 - 16 5.

From & study of the saturation ourvee, we wera able to
determine the quality of the steanm in the oylinder at any
point in its expansion { 1.e. ) at any pressure.

By 4rawing the atmosphers line on each eard, we found
that a great deal of oondensation took plroe before the steam
entered the oylinder, probadly dne to valwes arnd turns. This
was especially noticable on the light loalds, FYor the heavy
loeds, the cordenssetion wea very 11ttls ag 18 shown by the
drawings. On many of the light loads the saturation ourve to-
uched or aven intersected the empansion line at release. Thus
showirg 100 % 4ry when 1t touched or superheated when it inter-
seocted. For the heavy loede wes not go motieabdle.

The quality at sn 80 # absnlute nressure and 220 § load
wes found from the gevple @ards for the various back pressures.
On seoount of the irregularity of the ourde, no definite Aiff-
ence could be odserved. However the quality seemed t0 de high-
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or for higher veaouun. 1
Thus for H. 2. 200 § lood 80} nressurs the quality wes _
es follows:- ug
B £ - 76.2 ;3 quslity. g;
0 # - 3. 20" . gg
5 ¢ - 6.4 5 " . i}
1w - 78.8 5 " . S

15" - 76.8 . .

20" - 79.6 5 " .

and for #... 290 ¢ loed 60 7 vreasure the quality wame:-

5 ¢ - 75.8 5 Quality.
0 F - 69.5 7 " . ;
5" - 74.8 5 " . 3
10 - 82.8 5 " . ég
15" - 74175 " . ;;
20" - 8.3 5% " . ;?
&1s0 ocovparing a light loed end 8 heavy load with the ,ﬂ
samoe back recrure, we found th:t the quality was higher for tho {‘:

heavy loald a&as shown by tha following figures.

—~
SOV

noed Back Droegura % Cuslity. H.F. 61} Iressure.

2004 5} 76.8 " . g
" or 69.8 " fg
" 58 .8 " . §
" 10" 8g.8 " [é
" 15" 74.1 " . ;j
" 20" 87%.3 " . @é
607 78. - . é |

of 61. "o .

&






9. '

Losd. Back Presaure “ Cunlity.
50 £ 5" 67.8 " . -
1003 10" 76. " . ,
1004 15" 72. "o, gi
1004 20" 64. " . ’j
LCULAT IS
For 50 ; loed and O j back pressure. ‘s
3ymbols used. N

equals~ R. P. il

equals -~ number of strokes.

B

n

W equals-weight on soale deam.

w equals-unbelanced witght of brake.

A equals-are a pieton in square inches.
1.2.7. equales-Indiceted Eorne >ower.
B.K.?. equala-Constant.

X equale-I.l.”. constant.

0 equels-B.H.?. oonatant.

1T e oquale - ilean LEffeotive “reassure.
E.3. equals - Heed Ind.

C.Z. equals - OCrank End.

x equals - Quality of steem.

H equals - total hect eorresponding to cslorimetor
tﬂmpemm” .

Cp, ewusle - 5 ecifio ’reisvre = .48

T' equsls - Temper:ture in Calorimeter.

Te equals - " " " ’
oorresponding to nressure.

q equals - Heat of :iquid at throttle pressure.
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10.

T - Heat of 1liquid et throttle nrensure.
o,- Rarkine .ffeoienoy. |

rg- latent heat st exhaust rnressure.
Xy~ (u.lity of steam at release.

q%- Heat of 1iquid at throttle proessure.
qi- Heat of liquid at exheust nressure.
r - Latent heat at 1nlet precsure.

- Quality of steam at inlet.pressurs.

I.E.P’. oquals XK x ... X B

1.5%.Pe ( H.Ze ) equols .071527 x 8.8 x 298.6 equals 3.38.
I.Ke2 { C.l. ) equals 001472 x 9.58 x 298.6 " +21.
Total I.l.’. equals 8.09.

BE.”ce8quals CxIIx (%W ~-w)
B.E.2., " «02081 x 228.6 x ( 60 - 27.2 ) equale
.00081 x £298.6 x 22.8 equals 85.51.

Cuality of steam aquals x.
x equals H plus Op ( r.- rz) -q
L]

equals Ll£9096 nlg 48 im.‘ - 2;1., - 306.9

equals 872.06 equels 99.)0.
501.¢

Lbs of stocm used ner hour, equals 428 ;.

Lbs of dry eteam uwsed per hour,
equals .99 x 428 equals 423.7 L.



8.

Lbs of dry steam per I.H.”. / hour. equals,
23.7 equals 52,2 .
Lbe of dz'-y steam / 3.H.”. [/ hour equels,
423.7 equsls 76.8 {.
x-JI
Lenkine !iffieiency.

C. for 50 § loed st B # buck pressure.

C, =100 - (_961.8 x .88 ) 100 equals

100 - ( 851 _) 100
100-8640(10&10 13.6 3. =
Clecrinde Volume.
( H.E. )

Cyl Dieplacement equels 82 x .7864 x 12 equals 603.12.
ou. in or .349 ou. £t.

Water to £111 hesad end equels 3.176 plus .04 equalse
3.2165 ( temp. of water voed 656.5° P,

Veter at 65.5° T whighs 62.3676 # / ou. ft.
<216 equals .0515 eu. £t or 89.09 ou. in.
-0B15 oqueks 14.76 7.
ez 3
welght of water to £111 olearsnce space, equals,
3.46 7 plus .04 / equals 3.49 .

49 equals .0669 ou f£t. or 96.59 ou. in.
76

C. L. oyl. displace ment 603.12.

: {17/16)% x 7654 x 12 } equels 683.68 ou. in.
or .3375 ocu. £t.

?ﬁ% equale 16.66 ;5 Clearence.






1. h

Total volume E. . equals .349 plus .C515 ecuale.4008 ou £%
C. 7. equals .3378 plus .05659 equals 39356 °
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