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TESTS ON THE EFFICIENCY OF THE

— POWER-PLANT AT THE- KANSAS AGRICULTURAL COLLEGE.

The plant is designed to furnish heat and power for the
various.departments at the Kansas State Agricultural College of
Manhattan, Kansas., It was originally intended by the writers to
include in their Qﬁrk, tests on the heating power of the plant, but
the arrangement of their éther college work during the year, made
it impossible for them to conduct the experiments at a time when
the heating plant was in operation. Another drawback was the ab-
sence of suitable apparatus for thé determination of the calorific
power of the coal,

The heating plant consists of six externally fired, hori-

zontal, multitubular boilers, designated as No. 1, 2, 3, 4, 5 and 6,
ive gre of 60 nominal horsepower and one, Ko. 6 is of 100 nomlnal’
horsepower. The tests were conducted upon Ko, 1, for the reason
Ehat it was the only high pressure boiler whlch‘was piped for
individual feed water, and with this boiler is our interest con-
%erned. None of the conneetions with other boilers could possibly
%ffect }esults of these tests except in the test on April 28th,

%hen No, 3 was turned in on account of the heavy load on the engine,

In this case neither boiler made more steam than the engine could

conditions of the test were kept uniform., The boiler itself is

54" dlameter, with 34 flues 3-3/4 inches in diameter and 16 feet
long, The grates are 4-1/2' by 4=1/2'. The boiler was built by
Ioseﬁﬁ Bromich of Topeka, Kangas, It wﬁs installed in 1898, It

%as in very good condition for all tests.

The fuel used was the coal furnished by the state for use in
he institution, and was of very poor quality, It comes from the
tate mines near Leavenworth, and is mined by the prisoners from

khﬁ state penitentiary,

use, so the pressure in neither one was affected in the least-and th.

REE.



The engine tested was the one in general use as a source

of power at the plant and was manufactured by A, L. Ide & Sons, of

Springfield, Illinois. It is generally called the'"Ideal " and is
Br 100 horsepower, and is direect connected with a 60 kilowatt dy-
Lamo. All apparatus used, such as thermometers and guages, were
Btandard and were carefully teasted as to correctness. By comparing
the tachometer with an ordinary speed counter we found an error of
#1ne revolutions per minute less than actual speed. The tsbulated
kesults are the corrected results, ;

The first boiler test w#é run on February 14, 1902. The
steam generated was used in the heating system of the college This
test was run under the direction of W. M. Sawdon, Assistant 1n En-

ineerlng. The per cent of water was determined as recommenddd in

T, S . e, .., S

"Smart's Laboratory Practice," the weight before exposure to heat
bemg 14 1bs., 10-1/4 oz. and afterwards 13 1ba., 15-1/8 0z., show-
ing a loss of 11-1/8 cz., or 4=3/4 per cent water.

é Following are the data and results of the b01ler tests. On the
%eneral forms:

Item 5 = 3 — (4 x 3) + 6

| " 7=623

" 9 = gmount of water in steam + steam condensed
steam condensed.

total heat (supposing all to be vaporized)
" 10 =8 x heat of vaporization,

4 \ 8 x heat of liguid + 8 x 9 x heat of vaporigation

M O O heat of vaporization.
" l4=8<% 2 ‘
15 =114 2

" 16 = 15+ area of surface

p3°= 15+ 34-1/2 1bs,

" 25 = 23-+ 24

i |



Item 26 = 8 + 3
" g27=1l=+ 3
" 28 = 27 4+ (100 % = 4)
" 29 =11~ 5

We will here take the opportunity of thanking Messrs.

D. V. Corbin and Alexis J, Reed, of the Junior class, for the ser-

Wice rendered us in the taking of data om the boiler tests and also

Messrs., C, E, Peterson and J, O, Baylor for their efficient services

v ’

as firemen during the progress of the tests,
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DATA AND RESULTS OF EVAPORATIVE TESTS,

Arranged in accordance with the short form advised by the boiler test committee of the American Society of
Mechanical Engineers.
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DATA AND RESULTS OF EVAPORATIVE TESTS.

Arranged in accordance with the short form advised by the boiler test committee of the American Society of

Mechanical Engineers.
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[DEBARTMENT ‘OF MEecHANICAL ENGINEERING K S A C

MADE AT OBSERVERS:
MANHAT 7 AN, AKANSAS. PRIMING LOG. ' Sl e
(SEPARATING CALORIMETER.) e LL
ON. sl Em g, £ = - L MurrarS. Coce
DATE . APRI 2B 1902,
Time. Scale reading. A t Weight on scales. _ d
No. ot'n\ln?f;]t:r Oontdensed (%uzzhty Remarks.
Start. Stop. Start. Stop. in steam. Start. Stop. RERRE FrptRa
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The discrepancy between the-calorimeter logs for the

boiler tests and those of the engine tests is explained by the

fact that during the latter, two boilers were in use and thus vapor-
ization was less rapid in each boiler. than in the one in use during
the boiler tests, and for this reason there was less tendency to

priming.

| Reference to the tables following will show the high
huality of steam in use during the engine tests. It was originally
th§ intention of the writers to derive the effigiency of the piping
from the quotient of the quality at the engine by the quality at

the boiler, but this was impracticable for the reason that we had

#ut one calorimeter,
; As is shown on the log of the engine trial opposite, the.

brake load was determined from the switch board in volts and am-
%eras, and the brake horsepower was computed from the equation

volts x amperes
B, H. P. = 746

In determining the indic&ted horsepower we made use of

i
|
|
|
i
i‘l‘.he equation:
: 5 H. P. =K .x ~M,.%. P.- X ¥. p.m.

whera K is the constant of cylinder, viz: .004022 and

.003954 for the head and crank ends respactively. That isy

K (crank end)= area of crank end pistom in 1nches X stroke in feet
33000

-

|
|
%nd K (head end)= area of head end piston in inches x stroke in feeC

33000
The mean effective pressure was determined from the indi-
cator cards in the usual way, by taking the quotient of the area by

the length x strength of spring 50 lbs. The efficiency,E,of the en-

gine was computed as follows: E= . %ff%f?%f

n77




DEPARTMENT OF MEcHANICAL ENGINEERING, K S A C

TEST MADE AT T HE COLLEGE PO/ ER FLANT

MAN HA T TAN, AANSAS

ON_ T HE TDEAL FNGCINE

DATE_MAr 2/, /902

LOG OF ENGINE TRIAL.

CONSTANTS OF ENGINE.

Diameter of cylinder. ...
Diameter of piston rod..
Length of stroke ........ ...

dm?in.
/i
//"“(m

/.t

Area of piston H. E......
Area of piston C. E,......
Engine constant for H. E.,
Engine constant for C. E.,

OBSERVERS:

AI2T4. in.
[\3049fsq. in.
LO40R22
03954

Wiy ey
MNMUrLRAY S Cos £

M. E. P L H P Brake Load (Dynamo). |
CELI:)d Time R P M 7 — = B. H P. Remarks.
H. E. C. E H. K. C. E. Total. Volts. Amperes.
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IDEPARTMENT OF NMECHANICAL  ENCGINEERING K S A C

OBSERVERS:

MADE AT Co G cEr PL ;
A Lo A A PRIMING LOG.
ON pet s (SEPARATING CALORIMETER.) Aj““’f/;":”’f“f
LB YRRAY oL =
DATE _ /M4y 2/ /702 g
Time. Scale reading. Amount Weicht on scales. .
No. of water = 00‘3’29:'59(1 g:iﬁ;ym Remarks.
- Start. Stop. Start. Stop. in steam. - Start. Stop. oo :
oz 0z <02 | lbs. OZ. | lbs. 0z. (L85, oz .
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o 2:19 222 2o hooe . g [P LB 86 = g IR 3 N o i .
_4 2. g7 PDife Ji 2 hE.piiisddo L9 /9 Dy yag Ly = Gag | Pa
J F 2 J.249 e b s gy 2 —dTF PO =0k |/ -~ 43 79 %
4 3 re e 5 2.9 2f .| d.q b —spg g = 49 s~ #F | P&
i - AT 6.6 2.8 /.0 D= p i 12 = F /- & PriF
% T Averace 993 7,
St N e —




[DEBPADEENT B OE. WIECHANICAL "ENCINEEBING K. 5. A

LOG OF ENGINE TRIAL.

TEST MADE AT_7HE CoLLEGE POWERPLANT CONSTANTS OF ENGINE. OBSERVERS:
AMMANHAT TAN . TANSAS Diameter of cylinder.... /3. .in. Area of piston H. E...... /32,72sq. in. i
Eol Diameter of piston rod.. /./Z6.in. Area of piston C. E...... /3047 sq. in. = — Gricun FocrELE
ON__ T reloear ENGiNE Length of stroke ........ ../...ft. Engine constantfor H. E., ,0Q9022. MuvrRARAY S.COLE
DATE 7 v B ) A 0k O e 2 Engine constant for C. E., »£Q395<
M. E. B L. H-P. Brake Load (Dynamo). J
01:]‘_)(‘1- Time. R.P. M 2 B. H. P. Remarks.
H. E. (@28 H. k. C. E. Total. Volts. Amperes.
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DEPA/?TMENT OF MECHAN/CAL ENGINEERING K. S A C

MADE AT / E P E Power P E L e OBSERVERS:
ATANMAAT TAN, HAANSAS ., PRIMING LOG rr -
ON_TreE lDEAt ENGIN & (SEPARATING CALORIMETER.) ; LI1Cls FocwELE
A MourrAarS Coc &

DATE _May 3/ /902

Time. Scale reading. Amount | Weight on scales. .
Wo. P atar | Condensed Quality Rl
Start. ' Stop. Start. Stop. in steam. Start. Stop. e GLFreall.
0z oz oz, | 1ps. 0Z. | lbs. oz. | L@3§ oz "
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[DEPARTMENT OF WNECHANICAL ENCGINEEBING K. .& A C

LOG OF ENGINE. TRIAL.

TEST MADE AT 7t COLLEGE PoWER PIANT CONSTANTS OF ENGINE. OBSERVERS:
MANIHAT TAN, KANSAS. giameter o: cylinder.(.l.. ///ﬂln irea 0; piston g. E %l ;ggg/éisq. in. AR A
iameter of piston rod.. ./f6.in. Area of piston C. E...... /J@%7sq. in. B e — —fe b
ON—Z/—JE—/—’LA—A—E—&—G‘/‘ NE 4 Length of sm-};ke(flf. s /GII; Engine csné;nt for H. E., .aéﬂ.;ﬂl A AMerrAYS Col
DATE _JuneE 2, 17902 Engine constant for C. E., Q2395 -
M. E. P. ILH. P Brake Load (Dynamo). |
CI:;?&. Time. R.P. M g | B.H. P. Remarks.
H E C. E. H. K. C.E Total. Volts. Amperes.
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IEBARTMENT  ©F  MECHANIGAL ENGINEERING K'S A C

MADE AT e 6 RPLANT OBSERVERS:

PRIMING LOG.

NMANHFHAT TAN, FTANSAS.

GLicik FocweEere

ON T #ie loeal ENncIne (SEPARATING CALORIMETER.) i TR v e
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ime. cal ing. right scales.
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