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Efficiency Tests of ‘g Twenty Horse-Power Avery
Traction Engine.

Purpose: Thne purpose of the following is to set forth the

mechanical efficiency of the Avery traction engine No, 2116, runn-

ing as a stationary engine and as a traction en

-

gine; to determine
the evaporative power of the boiler under a reasonable load while

being fired with Lansing coal from the Xansas Penitentiary; and to

determine the draft per ton of haul over dirt and macadamized

¢ CA CALd

with an ordinary four inch wagon.

C

The instruments used for tﬁe tests for mechanical efficiency
were:
Two Crosby indicators, each closely connected
A Crosby disk revolution counter

A Prony brake

A platform seale and

An indicator reducing motion
To make a reliable test of an engine requires a cormect
application of instruments and & skillful manipulation of the same.
The error of every instrument should be determined before and

ne test and necessary corrections made for the same- No

>

instrument of doubtful reading should be used under any c¢circumstan-

after
ces, Ease of manipulation adds much to the accuracy with whiéh
(& Pe%ding may be made- All readings ought to be made simultaneeus-
ly in order that they may harmonize.

The Indicators: o0f the sourcés of error accompanying the
use of indicators we found that two above all should be sought outl.

up these instruments, directions should be

First, in settin

£
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-
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followed explicitly, but after all we found

perfect alignment of the piston in the cylinder,

screw . at the under side of the piston should be

in order tl

piston stem. Then to make sure of the
made to pProve that the upward run of
the same pressures as for corresponding

rurli.

There should be no undue looseness in the joints.

point should be 8Sharp, . It sk

enough to give a legible record. Any more it

adjus tment

il

no assurance of g

1@ small

adjusted last

a

that the spring may be seated concentrically with the-

test should be

the pencil point indicates
points on the downward

The pencil motion with its records is next in importance.

The pencil

hould touch the pap

(6]

r just

re than this will intro-

duce errors due to paper friction amounting to 5%
= 4

mi, - an - r 41 i P o
e greater accuracy therefore is
B 13 T "

lble dlagrams.

The Reducing Motion: The one used in these
in the acoompanying drawing. The essential point

i -

st The bar to

should be parallel to the axis of the cylinder
ond The points indi€ated by the letter

or even much more

ven by very light though leg-

tests is shown

8 ara:

indicator cords

A, -D:; and E should be in straight lines, and B :D.

Barallel to ¢ E., We found that if these conditiol

o~

filled the mechanism is worthless as
This motion was

but in actual operation it gave diagrams varying

3039 to 3.5 inches, the average bein
To begin with our results gave a mechanical

S ’ f T T ;o B oOus
great as 150%, a result altogether oI neous .

(1) some slight faults in lengths and a lack in precise adjustment

Inves

are fastened

proportioned to give diagrams 3,45 inches long

iciency as

tigation proved;

'R

of the parts of the reducing motion; (2) that we were making

-

oo S “h—t: - ‘—'h‘.-’-—n-‘ .
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indicator diagrams altogether too heavy so that the friction

between the pencil point and the paper produced distortion, The

friction of the pencil point prevents it from rising so high or

falling so low as it would under proper conditions, therefore

reducing the area of the indicator diagrams and consequently the

indicated horse power, thus making a high brake horse power as

compared with the indicated horse power which would show a high

efficiency; and (3) that the pencil motion was without fault as

w2
ar as we could determine. Having made good these faults tthe

results herewith, were obtained. (see cerves and data sheets forp

same/

From the- al

" above it is plain that a manufacturing company

nay get any per cent efficiency desired from a machine by simply

adjusting the instruments, and at the same time make it appes

0
p |

that the results were true and just- Furthermore the errors can

not be detected unless the tests are observed by the ins




The Prony Brake.

The essential points of the Prony brake are; a band to be

placed around the pulley, and an arm at the end of which the force

exerted by the pulley in turning against the friction offered by
the band, is measured-
Howewver, if accurate results are wanted, several other

points must be taken into consideration:

(1) Lubrication

1

(2) A constant supply of cooling water on the pulley.

(3) Adjustment of the band

(4) The manner of measuring the pull, and

-

washed off» But in this case the water itself makes a fair lubri-
cant, The flow of water must be constant through each reading.

Also, as the temperature of the pulley rises,a greater quantity of
water is needed and should be increased accordingly between read-

ings. In our own work with the brake as illustrated, much d4iffi-
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ced through irregularity of the flow of cooling
water. A separate hose line was used for this purpose, the water
pper left quarter because the force of
gravity tanded'to reduce the tangential flow of the water from the
wheel,. The flow was farther confined by means of waste placed
before eadéh block. It was found also that the face of the pulley
should not turn against the edge of the blocks, and that the

blocks should be both grooved and bew¥eled to facilitate the pass-




or f we : aroun h e T 143+ 3 1
age of water around the pulley. 1In addition to these precautions
there should be some provision whereby the flow of water is not

dependent upon a pipe line pressure. ‘While making the tests there

wére, for many minutes at g time, no evidences of change in the
0 = bl .

coefficient of friction between the brake and the bulley. At
another instant there was a great increase in the frictiﬁn a3z 1o
much so that within a few revolutions the engine became overloaded
and stopped. This could be s 1 for because of a variation
in the amount of water on the pulley due to a change of pressure.

This change of pressure could easily be caused by withdrawing
rater any where s : ¢ line, a thing not uncommon in water

brake could be supplied from a tank abgvgJa mo re
constant supply of water could be had and this difficulty over-
come,

A better method of cooling, but inconvenient hecause of the
splashing, is to flange the pulley on the inside edges of the tim
and by means of a ivery pipe and take-off fummel, keep a con-
stant supply of cold water on the rim. Then oil can be used on
the brake with some success. A still better method would be to
have a Dbrake made of pipe through which water may be circulated
for cooling, 01il can be applied directly on the face of the
pulley with this form, also.

Brakes of small size may usually be adjusted by means of a
bolt and hand wheel: but on larger sizes a nut and a wrench must

be used. Every brake must be semi-automatic: that is, it must

?

have enough elasticity to adjust itself to varying conditions.

his is especially true with respect to wooden brakeés or brakes

with wooden blocks. In our own case, our greatest difficulty

was to get a steady adjustment.




his we accomplished in a rather unsatisfactory manner by use of

two springs of different Strengths, A light Spring intended to

take the light loads and a heavy sprin

H

Oor the heavy loads, were

o
(=]

A load or force exerteg by the beam is best measured by

means .of an ordinary scale which has been tested with standard

weignts. The beam should be parallel with a level line from the

center of the pulley and the end of the bean must

rest on knife

edges.

The most accurate method of getting the brake constant is
to hang the brake on a knife edge, placed directly over the center
of the pulley. The brake should not touch the pulley. Tlen the

constant can be weighed directly on the scale, Another method is

to run the pulley with a light load on the brake in one direction
A J S

and measure the load. Then reverse the direction of the pulley

and again measure the load- The difference will be a fairly acc-

urate brake constant, By means of counter weights the reading
on the scale may be made equal to 0, when running with no load.
Then there is no brake constant and the load is read directly,
In our case we found the second method most practicable, but

checked with the former; yet with this method, much discretion

must be used, for values varying from 24 pounds to 75 pounds were

obtained by trial with various loads.




following conclusions are drawn from observation and
respect Lo Mechanical efficiency.

The efficiency incresses with the load until the maximum

ne
(=7

capacity of the engine is r ached, at which point the speed will

comuence to fall.
is greatly affected by the skill of the

persons in charge. Unless all readings are made s imul taneously

this 1s particularly

true with the cylinder

should be The brake

must be exactly at the same instant,

(3) The R, htly Variable cecause of the slight-
1 are almost unavoidable,

ly varying loads produced by a brake,

[ence the R, P, M, should be the average of several minutes during

which time the load must be maintained constant.

(4) A throttling governor is extremely wasteful except under

a very heavy load. The governor on the Avery frequently caused

steam to become wire awn to such an extent that the pressure at

admission was 60 pounds lower than the beoiler pressure,
5) Perfect lubrication raelve 1s necessary: otherwise
an undue amount of power is required to run the engine. Stiecking
the valve when any loose motion exists may affect the events

o

the stroke.
uld be as conveniently located

(6) A1l of the mechanism sho

possible for the reason that the efficiency varies directly as
the care taken to keep the engine up and when any part is so loca-
ted that it cannot be adjusted or used without great bodily dis-

comfort, it is apt to be neglected.
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This work

was

different grades-

.

The surface of the

noon the well graded

uired per ton of load to
Th
dir

very sleek because of

The Traction Tests,

1n 117 , 2. o | 3
naul over dirt and VMacadam roads and an

ese tests were made on May 29th and 30th.
rt roads was, on the morning of May 29th,

a rain early in the morning. By the after-
dirt reads were in fairly good shape though

a - little soft, By the next day they were in excellent condition,
The lower grades however were more or less sandy+ The other
were on neavy red clay one stony hill. The Macadamized
roads on the K, 3, A, C, grounds were also used, These wure
mroﬁlamj@mniwmmé-

For this work, the engine was fitted up for extra water and
coal supply, and with a platform on the left or cylinder side of
the engine to facilitate the manipulation of the indicators, A
wagon weighing 1980 lbs. was loaded with pig iron so that wagon
and all weighed four tons. Coupling for guiding was made by
tleans of a short tongue and for drawing a short doubletree chaimned
from its middle to the front axle was used. One end of this was
connected directly to the engine and the other through a 2000
dynamometer, The following dynamometer readings aré therefore to

, be multiplied by two. They were taken as rapidly as recording
would permit in order that an average of the many would give more

nearly the. true

otherwise than rough

fluctuations

d eonld rot be

=~

T}le an

approximati



was considered within that due to readine and

was

The instruments

Two Crosby Indicators

Crosby disc revolution counter

A Crosby lever revolution ecountep

An H, Heilchem scale type dynamometer,

pre

4 ko~ YA " \ oo o R L ¥ i L < =
tests show an average traction efficiency

1

be drawn from so

definite conclusions can

9
.

of tests, Before this can be done g series of

itions .

would include the following cond

L

stony, so

narrow tires.

e

15

therefore not

of about
limited a

+ &5 + miic t
LESLTS mus

i I
t, sandy, frozen




No, 1.
Grade QO . 25% fall May 30, 1805.
Kind and condition of grade
Ungraded, smooth , slightly sandy, dirt.
Circumference of wagon wheel T3 A8
Revolutlions of wagon wheel 79
Time in minutes 5,87
Distance in feet per minute o208
Average dynamometer readings 359 i
Average traction 678 &
Traction H, P. 4,27
Indicated H, P.. 19,25
Starting load | 1400 f

Observed dynamometer readings:

Y

Q0

&
(&5}
(@
R
>
O

5
o
N
(5]
o (@)
8
@)

N\

5
(@)
&
O
(%]
C

o

300 300 400

250 400 330

300 400 300

300 350 250

00 300 200

400 300 e

350 300 408

950 200 400

. —II800  Total
300 300

237 Average




I\ro » 2 ®
Grade

?

ungradesd,

(&

ﬁ fall

condition of grade

dirt,

Circumference of wagon wheel

Revolutions of wagon wheel

Time in minutes

Distance

in feet

per minute

Average dynamometer readings

Average tr
Tractilon

Indicated

St in

ok

S

P

Observed dynamometer read

\ ()
300
aC0

00
500
500
600

00

09

nction
Hoo B
e

load

ng

(=

(0]
[4)]

[
DD

DG @B

o n

n%C)OC)
S = o)
5

) e
s O (B
no o

10 JJ

400 30
400 400
400 400
400 300
300 300
400 300
300 400
300 500
300 300

May 29, 1905,

13

O

o O
HEN S INE H D 1)

G B 10 O s s O

32800 Total

7 4 A (2 =
32 Average
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Grade . 29% fall May 30, 1905.
Kind and condition of rasods

Well graded dirt.

Circumference of ﬁagon wheel 11.18
rRevolutions of wagon wheel 40
Time in minutes 223
Distance in feet per minute 199,5
Average dynamometer readings 495 /
Average traction 990 #
Traction H, P, 5,98
Indicated H,. T‘

Starting load 1600 #

Observed dynamometer readings:

o
o

0 450

450 700

500 600

500 500

i 9800 Total
495 Average




Kind and condition of grade

Grade

4

o\

well graded dirt

Circumference of wagon wheel
Revolutions of wagon wheel

Time in minutes
Distanece in feet
Average dynamometer,readings

Average

Trg
L & CA

Indicated

o2
ct
m
m
R

ct
o
0

4]

Per minute

600
200
Z
LAWY

100
400
200

(=

T

OO0 OO

S OO MmO

4]
(o)
(%)

Vel
(@)

Av)




Grade - 3557 fall 29, 1905 ;

Kind and condition of grade; well graded, a little soft, dirt

Circumference of wagon wheel (feet) 11.18
Revolutions of wagon wheel 71
Time in minutes BaD
Distance in feet per minute 213 .7
Average dynamometer readings 344
Average traction 688 #
Traction H, P. 4,40
Indicated H, P. 19 .58
Starting 10&6. 1200 #
Observed dynamometer readings in pounds:

300 400 30 300
350 00 400 100
400 430 100 300
500 5C0 300 400
500 300 300 380
400 300 350 400
00 o0 00 ZAN
W v (AN AV

400 300 350 500
400 300 300 300

00 350 350 250
300 300 400 300
400 350 400 400

400 350 300 20250 Total

AvVerage
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Grade 0.355%
Kind and condition of grade;
dirt
Circumference of wagon wheel
Revolutiions of wagon wheel
Time in minutes
Distance in feet per minute
Average dynamometer readings
Average traction
Traction B, P,
Indicated H.

Starting load

Observed dynamometer readings 1n pounds:

400
400
400
300
300
300
<00
400
400
300
300
380
250
300
350

rise

ungraded,

(feet)

400
450

=z R

A
@) N

U1 Cn €A A
O O QO tn
5 )

g O ¢

(&)
O t; f.P: (il el e

H

(S I

smooth, slightly sandy,

CloCO 0O COO

=
',._I
(%3]
(3]
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Nav, “7%,

Grade 0. 467 rise May 30, 1905.

v

Kind and conditions of grade; smooth, Macadam

Circumference of wagon wheel (feet) 11,18
Revolutions of wagon wheel 51'

Time in minutes 1,680
Distance in feet per minute 216 .4

raverage dynamometer readings 309.5 #
Average traction 619.0 #
Traction H, P, 4.07

Chserved dynamometer readings in pounds:

3
o

380

00
S00

400

~ ™
)&
[P WA

QO

o O

5‘ U
250
350

50
AN

00
A
400
300
250
Z) 0
D ULW,
=
390

4950 Total




Grade . 462%

Kind and conditioﬁ of grade
Smoothe, lacadam
Clircumference of wagon wheel

Revolutions of wagon wheel

Distance in feet per minute
Average dynamometer readings
Average traction

Traction H, P.
Indicated H', E?;,
Starting 1oari

Observed dynamometer reading

elgl )

(= e

- e

i-;
350 #




Grade : .46 27, rise

May

29, 190

Kind and condition of grade; smooth, Macadam

Circumference of wagon wheel
Revolutions of wagon wheel
Time in minutes

Distance in feet per minute
Average dynamometer readings
Average traction

Irgctlon " H . B
Indicated E, f
Starting load

Observed dynamometer readings in p

450 200
300 200

(feet)

ounds :

350 200
300 250
380 200
300 200
300 250
300 350
350 300
350 350
3860 320
300 350
300 350
300 9150
ZQ Q

350 305
350

e

Total

Average

11,18

2

| 66




No. 30,

Grade rise May 29, 1905.

1,8%%

Kind and conditionp of grade
Well graded, slightly soft
Circumference of wagon wheel
Revolutions of wagon wheel
Time in minutes

per minute

2

Distance in feet

Average dynamometer readings 326.2 #
Average traction 652.4 &
Practien H, B, . 254

Indicated H. P. 20
Starting load 1000 . #
Observed dynamometer readings:

300 200 500 500

300 400 200 500

400 300 500 300

300 400 500 300

200 00 00 200

300 500 300 200

200 200 00 500

200 200 100 300

200 450 150 500

400 300 300 400

400 300 300 400

500 100 200 900

~ &
150 500 200 4§u
500 100 400 500
)

100 400 FS\,O iy

800 100 23500 Total

100 200 y .

500 400 3262 Average

100
450
450
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No.. 4,

mn N =
Grade 1.8'7/.’-; rise May 29, 1905,
Kind and condition of grade

Smooth , well graded dirt

Circumference of wagon wheel 1138
Revolutions of wagon wheel 93
Time in minutes 5
Distance 1in feet per minute o0 8
Average dynamometer readings 372 #
Average traction 744 I
Teaction H. B, 4,69
Indieated H. P, 04,57

Starting load

Observed dynamometer readings:

600 500 400
300 300 300
400 300 00
300 400 300
400 500 300
290 500 200
00 600 400
300 400 00
400 500 400
400 500 500
300 600 300
300 500 400
300 500 400
400 600 500
400 800 300
500 400 200
800 350 300
500 400 300
400 400 300




1163

Grade 1.87% ' fall May 29, 1905

Uo ,

Kind and condition of grafle; smooth, well graded dirt.

Circumference of wagon wheel (feet) 11,18
Revolutions of wagon wheel 119 )

Time in minutes 6.L8%
Distance in fett per minute 214

Average dynamometer readings 204 #
Average traction 588 #
Ipgeticen H., F. 3,81
Indicated }E.'. Bl 18..34
Starting load . 1500 #

Observed dyngmometer readings in pounds:

380 400 300 400 300
350 450 300 400 200
300 450 300 400 300
300 380 300 500 400
380 300 00 400 Q0
400 200 250 400 100
400 300 200 300 200

Q0 010 150 400 200
380 300 200 400 200
350 100 00 400 300
250 200 00 400 00
250 300 200 200 00
300 200 250 150 350
300 300 350 150 300
200 300 200 100 400

00 380 ‘ 300 200 350
400 350 280 30 300
450 300 400 400 L RES
400 300 350 300 27650 Total

- - e
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Grade 1,87% rise May 30, 1905,

Kind and condition of grade; well graded dirt

¢ ireunference of wagon wheel (feet) 11008
Revolutions of wagon wheel 96
Time in minutes RS
Distance in feet per minute 188
Aversge dynamometer readings 454.5 #
Average traction 909 #

Trgetlion H..EF., 557
Indicated H,., P.
Starting load

Observed dynamometer readings in pounds:

400 500

600 500
500 400
300 500
300 500
400 300
500 400
400 200
300 600
400 500
300 200
300 800
500 00
8C0 500

T2700 Total

454,5 Average




No. 14,
Grade 1,87 rall May 30, 1905,
Kind and condition éf grade; well graded dirt
Circumference of wagon wheel (feet) 11 18
Revolutions of wagon wheel 63
Time in minutes 2,75
Distance in feet per minute 256
Average dynamometer readings Je 7,0 7
Average traction 675,0 #
TPraation & HD BL 5..23

E 5]
=]

Indicated H, P,
St’;'tlﬂg 10{-1(1 1000 “'.{_

Observed dynamometer readings in pounds:

300 350
400 300
450 350

© N '5] B
S o 8 o
g B8
B @) o )

5
o
o)
=

500 400
400 350
6750 Total
337.5 Average

| 145
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No, 15
Grade 1,8% fall May 30, 1905,
Kind and condition of grade; well graded dirt
Circumference of wagon wheel (feet) 11,18
Revolutions of wagon wheel 35

Time in minutes

Distance in feet per minute

Average dynamometer readings 287 #
Average traction 574 #

Traction H, P,
Indicated H, P,

Starting load 800 #

Observed dynamometer readings in pounds:

300
400
300
380
230
380
250

300
200
00
A
250
390
200
150

350

287 Average

E— — e —
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Grade 1.87% rise May 30, 19805.

Kind and condition of grade; well graded dirt

C ircumference of wagon wheel (feet) 11,18
Revolutions of wagon wheel 48
Time in minutes 263
Distance in feet per minute 204
Average dynamometer readings 412,5 #
‘Average traction 825.6 #
Traction H. P. 5;L3
Indicated I{. ?. 21.65
Starting load | 1200 f

Observed dynamometer readings in pounds:

400
390
580
500
400
450
400
450
300
400
380
350
400
400
400
200
6600 Total
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No, X7.

Grade 2. 78% rise May 30, 1805.

Kind and condition of grade; slightly rough, Mecadam

Circumference of wagon wheel (feet) 11,18
Revolutions of wagon wheel 267

Fime in minutes 18
Distance in feet per minute 193.,8
Average dynamometer readings 486 f
Average traction 979 #
Traction H, P, 5,71
Indicated P. 28,83 1%)

Starting load
Observed dynamometer readings in pounds:

600
00
6350
300
450
700
300
900
300
200
600
350
700
350
700
400
600
450
8750 Total

486 Average

LY




Ne. 18,

»l

Grade 3 .657 rise

74 =}

o

May 30, 1905

[$)]

Kind and condition of grades; well graded, a little rough,

(=S

dirt.
Circumference of wagon wheel (feet) 11 .18
Revolutions of wagon wheel 83
Time in minutes 4,35
Distance in feet per minute 214 |
Average dynamometer readings 545

*

Average traction

Trgetion H. B O

Indicated H, P o9

. 293
Starting load 2000 #
Observed dynamometer readings in pounds:
580 800 400 400
6C0 600 700 20
400 500 700 400
550 500 600 500
600 400 500 600
400 400 600 50
500 400 250 600
600 500 600 200
500 600 700 200
400 700 600 100
500 800 6C0 700
450 300 00 00
00 400 700 ﬁg é
700 500 1000 cO0
400 500 1000 400
600 500 200 600
500 500 800 700
400 300 12 00
800
400
38600 Total
545 Average
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19

Grade 4,5%

[ ]
3
|_h
n
(4]

May 30, 19

Kind and condition of grade; well graded, harad 61ay

Circumference of wagon wheel (feet) 11,18
Revolutions of wagon wheel o8
Time in minutes 1,534
Distance in feet per ninute 2N4.2
Average dynamonmeter readings 682,.5 #
Average traction 1365.0 #
Traetion R, F. 8,44
Indicated H, P, 38,17

Starting load 1400 £
Observed dynamometer readings in pounds:
00 700

600 500

600 700
700 700
600 00

700 600
8C0 700
700 700

650 600
600 700
750 700
800 700
600 700
700 800

800 21100 Total

682,5 Average

Sy
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i = [~ 3 o z =
Grade 4, 5% rise Nay 30, 1905,

Kind and condition of grade; well graded, hard clay

Circumference of wagon wheel (feet ) 11 .18
Revolutions of wagon wheel o8

Time in minutes 1., 53
Distance in feet per minute N4.,6
Average dynamometer readings 580 #
Average traction 1160 #

Prection B, £, 7,19
Indicated H; P¥ 34,96
Starting lond |

Observed dynemometer readings in pounds:

700 800

600 800
400 00
800 00
700 800
600 70

600 400
800 00
800 580

700 500
600
6(/'0 /"

—T3750 Total




Grade 3. 8X% rise May 30, 1905,
Kind and condition éf grade; smooth "facadam
Circumference of wagon wheel (feet) 11,18
Revolutions of wagon wheel 2?.

Time in minutes 1,49
Distance in feet per minute 189
Average dynamometer readings 477 #
Average traction 954 K
Tregetion “EH N E, | 5.461

Indicated H, P.
Starting load

Observed dynamometer readings in pounds:

/

6200 Total




Grade 5+757%

4
7

Kind and condition of grade;
Circumference of wagon wheel

Revolutions of wagon wheel

AL
Time in minutes

Distance in feet per minute

Average dynamometer readings
Average traction

Treetion B, P.

Indicated H, P,

starting load

Observed dynamometer readings
400
400
500
500
600
600
600
300
600
00
600
600
500
550
800
580
500
500

O 0
AR

3
i...
(0}
&
=
= |

28 1898 ;

b

smooth, Macadam

5_..1
(93]
o [35]
. | w o]
L] 1]
3 | Iy
[a%) (9]

in pounds:

O
@ il

400
400
500
450

Y8
T\

450

450

200

400

400

500

500

500

500

500

200

550 :
9650 Total

478

&S o o
g(s_

o

Average

173
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No. 23.

Grade 5. 750 rise May 30, 1905.

Kind and condi*ioﬁ of grades; smooth, Macadam

Circumference of wagon wheel (feet) 11,18

Revolutions of wagon wheel 41

Time in minutes 2,192

Distance in feet per minute 916,92

Average dynamomefer readings 510 #

Average traction 1020 #

Traction H. P, 6,68

Indicated H, P,
Starting load

Observed dynamometer readings in pounds:

300 600
00 600
apo0 600
500 500
600 550
500 200
500 450
500 200
400 800

600 12 750 Total

300 510 Average
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Grase 6.1447 rise May 30, 1905.

Kind and condition of grade; ungraded, stony, dirt

Circumference of wagon wheel (feet) 11,318
Revolutions of wagon wheel 34
Time in minutes 1.83
Distance in feet per minute 208
Average dynamometer readings 613
Average traction 1206 £
Traction H, P. . 7.793
Indicated "L, r, 43 .79

-

Starting load

)

)bserved dynamometer readings in pounds:

200 500
600 60C
A4 \VAE
500 500
00 500
900 400
600 40 C
700 500
Q0 60C
600 200
700 80C
700 200
800 600
600 16500 Total
600
600




WEIGHT oF LOAD;

JRACTION TESTS ON AvERy. ENGINE No2/I6.

RRoss 8OO0,

JUNE I9AND 20 — *0.

NeT 6000.
STARTING|PLATON DISTANCE.| Av READING | GRADE '|TRACTION | [-H.P. | EFF. % REMARKS, i
Putr. wmures FEETRERMIN. | DYNAMOMETER-| PER CENT-|  H.P. ;
Moe #e [T v SoR L 337 0. 26 Fl g D J ) : = fALL [N GRADE
ffog v (874209 " . T 3K 1026 3% 5 85 /7.83;__51'33]_ :,p';;/ oy e T , Y
b0ty 225 J2EE ] TS 10.29 | 5.98 — AVERAGE REAUING OF DYNAMOMETER = QNE HALF AVERAGE
e ' s — 2596 : 0-34.; i S e e P i e C A e D 2 ' TRACTION [FULL.
200 . 375 BT 2T 0.356 5| 940 |/9.58 |22.47 o S s R
i 375|206 783 0.335 275 88| | SR AT R e T
n 160 |216.4 309.5 076 s f6r o i il s N
S 12.66 |2/9.3 /75 0-962 71 227 1856 ||6/4 e BT RSl e e Ty
Joo .. 1192 |2 16 305 0.962 [ 3.99° [17.69 |22.97 : e e e i b
o088 i (508 SR IE/ 326.2 1.8 7 o s e S N IR RN 5 7 -
o 5.00 | 208. 274 87 4469 2757 1120 BT,
/500 ..10.22\2/4. Z299 /.87 y/-3.84 /8.39 | 2078 ST Ry
S 5.50|195. FoF 4 JoB 7L s
[000 . |2 75 286 3375 g7 s 2y e
800 | — — LR T L8 7iarl e eserg, 25 i
/200 1 2.63 1207 P e /.87 4 5./0 2103 2425 { y
WA 1888 286 278 sy, (282 12020 i £ .
2000 .. 4.35|2/9. S545 3.65 < 7.07 29538394 RN BTN S it 2R
/Z00 -1 5312092 |682.5 7. 50 899 33172049 WELLAL S R HE ANV £ Y
0T /.58 2096 580. 750 a 7./9 34996 205657 N o4
s /92 1/8J9. e e 1 3.5/ 4 % S wasail 2
IR g I BT BT 778. t5.75 46.25 1852 ||780 g ISRk
5. D79 276 2 [ 570 (578 n g8 =
S IRE 2008 L 6lS G.l9 772 4377 1763
| i
[ ! 2 e
? | e :
| :
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The Evaporative Test of the Boiler.

The purpose of this test as set forth was to determine the
evaporation power of the boiler when fired with Lansing coal
from the Kansas Penitentiary, This coal has a calorific power .of
11,329 B, T. U. and 0.55; of ﬁater as determined under the direct-
ion of thé chemical de@artment of K. S, A, €. (See thesis by
S« 8, Fay, 1905.) | |
I The instruments used in this work were those used in the

tests for mechanical efficiency of the engine together with

Standard thermometers

A Barrus calorimeter
Scales for weighing fuel and water
A Crosby lever revolution counter
A running start was made., The test when conditions of
. water and fire were as nearly those at the start as could be
j attained.

The quality of the steam was determined by means of a

h

]
@]

Barrus throttling calorimeter, connected as per instructions (ge

Trang, of A, S, M. E., Vol, X1, page 795 and ¢. H., Benjamin's

Mechanical Laboratory Practice, page 48)

0o
o
o
.

S

|
iN

Nermal readings of lower thermometer

Average reading lower thermometer 248 .75
Degrees of cooling 501,65
X = Degrées cooling = 3 .65 ! g Pl
PLreE o0 5 36,65 0 = 1,761 = % moisture
Coefficlent 20 .815 _ j

100 - 1,761 = 98,238% of steam o

X = ,9824

The equivalent of water apparently evaporated from and at




gle® P s

212° F is

vaporization at avera
pressure
q = heat of liquiad ! n

o= ot feed water

t:)
™ o = hegat f avanorat i 1 o
Toioo w neat of evaporation at
S 5 L
X = quality of steam

= 6761.8

rated from and at

(41}
<
4]
L o]
W
P

!
!

ge boiler = 870,55

(=

212°

>
O
(o)}
()]
L]
(6]

= RA0oR (R Er o L = Yy 1T
e 5625 (870.55 x .9824 + 318.80 - 31.62 )
965,8

= 665H4

Equivalent water evaporated per hour from and at 21p° F

737, 4

Conclusions drawn from observation

to the evaporation power of the Aver

i Al ) ey e e . g
engine unless a superior quality o

(2) The boiler is apt to foam and prime when

"]

i ]

hard
.

working har

o
(=]

1

(3) The boiler must be kept free
when cold; blowing out does no good exc
bloww-off opening.

(4) The steam be strail

na 3 wr ¥ 3 N\
and data with respec
0 Lier .,
= i =i 5
for the size of the

£ - r a3 1
irom seqgiment

ept imn

ght and

priming.

i i




Arranged in accordance with the short form advised by the boiler test committee of the American Society of
Grate surface
Water heating surface . ..............

Ratio of grate to water heating surface . .

10.
341

12.
13.
14.
15.
16.

23.
24.
25.

26.
21,
28.
29.

DATA AND RESULTS OF EVAPORATIVE TESTS.

Mechanical Engineers.

Weight of coal fired

Per cent of water in coal

Total weight of coal consumed, in pounds

Total ash and refuse

Percentage ash and refuse in coal

Totallweirhtiotiwaerfedito hollers ot s Sl Sl e JO28,

Condition ofisteamy:  rih il st b B B R e e e S e s NS s e D O -95419

Equivalent water apparently evaporated from and at 212° ... _...oiiiiiiiiiiiiiiiinaanl 673/.8. .

Equivalent water actually evaporated from and at 212° (corrected for moisture in steam)... 563"4-

HOURLY QUANTITIES.

PounasicoaliconsnmedsperinouT s rrmsi s S S s e e e s | 1 e et

Coal ‘per hour:per square /fooetiof grate surface . i el 25-73
625,

Pounds feed water per hour

Equivalent water evaporated per hour from and at 212° F, (corrected for moisture in steam). .

35

2| S9.FT |

Br-L-Y .

1£303. |

Equivalent water evaporated per square foot of heating surface per hour............. ... .| L |

AVERAGE BOILER PRESSURES, TEMPERATURES, ETC.

Average boiler pressure, pounds per square inch, gage . ........ ... .. ..o e Vid Py

Average boiler pressure, pounds per square inch, absolute ...... ........ ... .. ... A W

Average temperature of feed water, Fahrenheit ...............ooiiiiiiiiies viil s 63.5

Average temperature of boiler room, Fahrenheit.................ooiiiiiiiiiiiiiiii. 733

Average temperature of outside air, Fahrenheit................ .. i S T 80,96

B0 L) T B D e B i 1 A Co e i e e o s o) SR Ve S il e Bl B 1B
HORSE-POWER.

Horse:powerideveloped s o s e e R et e e e | S 2/.3\9

Builders’ natedi Horse-POWEE: et Holli i e s e i st b s it b s b el el SRl PR | P ey

Percentage of builders’ rated horse-power ...........c...ciiiiiiiiiiiaiaeiaiiiieneiiiinons

ECONOMIC RESULTS.

Water apparently evaporated per pound of coal under actual conditions ............. AL

Equivalent water actually evaporated from and at 212° F., per pound of coal fired.........| ... 8@ s/

Equivalent evaporation from and at 212° F., per pound of dry coal

BEquivalent evaporation from and at 212° F., per pound of combustible

/78
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OBSERVERS:

Cinders.
|
Tare.
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DEPARTMENT OF

TEST MADE AT /I/ 5 A C

OBSEF?VE_RS

MECHAN/CAL EnNGINEERING K S AT

Lioa: GF BOILER T RIAL.

ON _AvErY TRACT 10N LNGINE

DATE. June [ (905

Time.

Barom-
eter.

Pressures.

Steam
Gage.
285,

External
Air.
°C

Boiler
Room.
°¢

Temperatures, R C

Weights.

Cinders. | Water.

Remarks.

Flue
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Feed
Water.
G

|
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DEPARTMENT OF MECHANICAL ENGINEERING. K. S. A &

LOG OF ENGINE TRIAL.
CONSTANTS OF ENGINE. OBSERVERS:

Diameter of eylinder. ... 8.773n. Area of piston H. E...... €9.1323q. in. : - ——
Diameter of piston rod../-J78in. Area of piston C. E...... ¥8:647sq. in. _—
Length of stroke ........ - G341, Engine constant for H. E., -220/572 =

Engine constant for C. E., -228./482

TEST MaADE AT . 5. A. €.

] _ j
ON_Averny TRACTION ENGINE
DATE _May 8, /905

Card.

¥ CUT OFF J6:67% Ebs
I.H. P. Brake Load (Dynamo). |
No. .Time. R. P. M. — L ——|S - e \ B H. B Remarks.

Total.

| H. K. \ C. E. \ Volts. \Amperes. e

iy | 258 6.53| 7. 2.56 | 302 | 5.58

3,44
i 256 j0.22 | /075 | 3.98 | 2.85 | 7.84 T e e
8. 67
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W0 teve e e [ 705 700 o % U o
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a
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a
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267 s s o | i3l | B2l
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TEST MADE AT /I/SAC

ON_Avery Tracrion L nxcine.

DATE May 15, /905,

DeEPARTMENT oOF MECHANICAL ENGINEERING K.

Diameter
Diameter

Length of stroka ........
CVUT OF/F 50.7%

oo

LOG OF ENGINE TRIAL.

OBSERVERS:
CONSTANTS OF ENGINE.

- of cylinder. ... &.7Z4.in. Area of piston H. E...... 60.4725q. in.
- of piston rod.. £-37Z3in. Area of piston C. E...... SE.64Aq. in. — — e

«&34.ft. Engine constant for H. E., 00052

Engine constant for C. E., .299(482

247 |

o
0o
)

4 e |y D | /&8.23

o 23.50
M___:Su X e 22.55
2l ¥ 25./8
els ] 25.08
Sliia.. $ 248 | 28.76
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e ot
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DEPARTMENT OF MEC/—/A/\//CA[_ ENGINEERING,

LOG OF ENGINE TRIAL.

CONSTANTS OF ENGINE.
Diameter of cylinder.... .S7Z%in. Are of piston H. E.....
Diameter of piston rod.. £378in. Apey of piston C. E...... 48.647q. in.
Length of stroke ........ -834.it.  Engine constant for H. B, 000432
CUT OFF 672 Engine constant for C. E., Qaulage

TEST MADE AT#Z_( Lg. /4 C

ON_Aveay TRACTI0N ENGINE
DATE - MAar/s, /205

OBSERVERS:

60:47€.s8q. in.

iR :
VI = P Blake Lnad (Dynamn) l : l

No. : “P. M. SN = SR S S [ -
Card. Time. R e

Remarks.

H. E. CrH. Ik C. E 'otal Volts. Amperes. E/C-E%
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PRIMING LOG.

OBSERVERS:

DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C.
MADE AT /'( LS /4 C i

On __ Avery TRACTIoN LNGINE
Date.  June [, /P0O5 BARRUT HroTTLING CALORIMETER.
BAROMETER_28.8 83 IN 2@ ) g
Pressure in Steam Pipe. Heat Heat Calorimeter Pressure. Pemperature Calorimeter. S Doty
No. Time. of ofelr T J‘m:nl T BT = ot of Remarks.
. Abs. Liquid. Vaporization. Abe Heat Corresponding By Strperimt, Steam. e
Gage. P q i Gage. P ; i to Pressure P, 'J.‘hc*.rm;)meter. fold 7
P‘ M | VLT ;;7.{. 40 : ﬁ?—‘ﬂ;‘xﬁ%ﬂrﬁ/r
I—30 A T e R e A A | T o el 338 245
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i ) | s 250
| #£—00 /7370 : TEEE W 249
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5= /0 /110 ; e 2459
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REDUCING  MOTION

rFroR

AVERY TRACTION FENGINE
| Ve 2//6

SCALE : ,;"-';. i




M) Ty Nar w wnlrino +h 1re 17 1 1 i 3 i
The proper working the valve is the most important part

\ P T ST & oS e - admica 2 - 3 fa¥a) - -
of the steam engine. he admission, cut off and release of

e

A

Uil

steam, all depend upon this mechanism, and for an engzine to
o

attain the hicshest P ie ] r 2ible 3 3 o i 1
attaln the highest eff lclency possible it is necessary that these

various events

2 U

P | A TV 3 3 ~ 7 i 1 1
place at the proper time and also that the

-

various parts move with as little friction as possible.

The valve Avery No., 2116 is a modification of

b(;

+h Haelrwn vl na 1 S v e or 9 ¥ T 1 T A : 1+ T13A
vhe hackworih and the Rpangler gears, It is Provided with a slid-
ing block which travels in the arc B ¢ (see diagram) the locus

P
4

1

29 inches. The block
is driven by a short eccentric represented by the line 0 E to

E
which the valve connecting rod is attached at B 9-1/9 inches
below center of the block.

he locus of the point F is an e 11 ipse The travel of the
forward motion of the engine is represented by the
ellipse F F', Thus the travel of the valve and conseque ntly
events of the stroke depend largely upon the inclination of the

the block arc from

ne
=

ellipse- The engine is reversed by tiltin
- 1 + 1

B C to A D, the new position being represented by the dotted

ellipse. The valve rod is connected with the valve stem thro ugh

the rocker arm H I, The gear is strong and may be readily adjust -
ed to any desired length of cut off. The notches are so placed
in the quadrant that the range of @uttoff is between 36 .6% and

€7.4% of the stroke-

’

The general appearance of the indicator diagrams shows a low

initial pressure and a severe throttling effect, due to the




il

/X0

throttling governor. Special pains were taken to set the valve

at equal lead forward and reverse, This proved Practically

]

1S which declare a late admiss ion

nothing as shown by the diag

L

il = 1. T~ = | o R Tl ol - _
for both head and crank ends. Release on all the cards is shown

a little early and compression a little late for the speed used

MmA e ™A 3 + £ 11 C ‘ e o 71 3 4+ 7 2 S a1 > 1
'ne point of ecu I seems a little indistinet, tho ugh with the
throttling of the steam there could be no marke d point

N
|

No positive conclusions can be drawn from the ac com

valve motion diagram since the me asurements were taken from the

T e

assembled engine and are therefore ro ugh .










