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DISCUSSION,

The following tests were made on the compressed air
plant in the Engineering Laboratory of the Kansas State Agricul -

tural College, The plant is equipped as follows: a vertical engine

the make and rated horse power of which are unknown, belted,

through a main shaft, to a double acting, horizontal, piston com-
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ressor manufactured by the Ingersoll-Sergeant Drill Company, and
ratec al from 8 to 13 horse power depending on the revolutions Per
minute and the receiver pressure, A Westinghouse engine with two
6 x 8 single acting cylinders was connected to the air receiver
and used as an air motor, |

The object of the tests was to determine lst the effi;
ciency of the plant, or the ratio of the developed brake horse
power of the motor to the indicated horse power of the engine; 2nd
the efficiency between the engine and compressor cylinders, and
between the compressor cylinder and the brake on the motor; 3rd
the horse power lost in heating the air and the cooling water.

A series of three tests was conducted, the duration of
each of which was one hour. Indicator cards were taken on the
engine and compressor every five minutes throughout the test; as
there was no means of taking cards on the air motor, a rope brake
was constructed and used instead. Tvery five minutes, at the same
time that the indicator cards were taken, the speeds of the engine
compressor and motor were noted, and at the same time, the initial
and final temperatures of the air and cooling water, and the read-
ings of the scale of the rope brake on the motor were taken, All
water which passed through the water jacket of the compressor was
carefully weighed and recorded, so that the total weight of water

which passed through the jacket during the test was known,
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The mean effective pressure for both the compressor and
the engine was calculated as follows: The area of the card divi-
ded by the length of the card gave the average height of the card,
and this multiplied by the scale of the indicator spring used,
gave the mean effective pressure; or as a formula, £l

Let. Pe = mean effective pressure,

I

a area of card,

Il

s = scale of indicator spring. |

1 = length of indicator card. | i

Then Pe = §I§

For the calculation of the indicated horse power from

the indicator cards,

Let Pe = mean effective pressure.

o ST

L = length of stroke in feet,

A = area of piston in square inches

N

number of revolutions per minute,

e LL AN
Then I. H, P, = E—gﬁaﬁg—“

N
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This will give the indicated horse power for one end of
i

the cylinder. The area of the piston will be different for the :ﬁ
two ends of the cylinder owing to the piston rod reducing the il';
effective area for the crank end; since the mean effective pressure | |
will be different for the two ends also, separate calculations jf
| &
will be required for the two ends. The total horse power devel - : ﬁ~

oped will be the sum of the horse power developed by the two ends. | | ]

since in the formula the qunntity L A is constant for the same | §

33000
engine, it is"called the engine constent,  Then T, H. B.'= G Eq

where ¢ is the engine constant. This must be calculated for both | |

ends since A varies, .
! |

|
The brake horse power was calculated as follows: ! | ]




Let w = weight of the brake.
Wo = weight on the scale pan of the brake,

W = effective weight on the brake,

S = scale reading.
r = radius of brake wheel of motor, 1:

N = revolutions per minute,.

s s 2TTr N W ‘
Taen H, B = & 23000 = 0 N W where ¢ = the brake con- \r
stant or 27ir and W=Wo + w - 5 L

33000 |
} The efficiency of the whole plant then i

B, H. P, of motor
I, H. P, of engine

sy B'=

|

The efficiency between the engine and compressor cylin- i
1

|

1. BH:. P. of compressor

/ ige R = and the efficlency be-
deRg Lo %< 1. H, P, 6f engine ' bl

) tween the compressor and the motor is;

.= B. H, P. of motor ;
2 T, H, P, of compressor |

-—e

To determine the horse power lost in heating the air and

— .

the cooling water,

Let t = rise in temperature of cooling water,
m = weight of cooling water used throughout the test.

Y Then the heat given to the cooling water expressed in

<

|
|
B. T.U. 48 g =Wk, |

7780 = 778wt = ft. 1b. where 778 1s the mechanical

equivalent of heat,

_ _ 778wt
y H, P. = § x 33000

To find the horse power lost in heating the air

¥ Let t = rise in temperature of the air (]

W = weight of air compressed during the test,.

= gpecific heat of air at constant pressure.

cv = specific heat of air at constant volume,

Now assume that the volume remains constant while the



pressure increases, then;

w,t,Cv = heat given to the air during that stage.

Now assume that the pressure remains constant while the
volume decreases, then;

w,t,C0p = heat given to the air during this stage.

Then the totél heat given to the air during compression

is; Q = wW,t,cv + W,t,Cp

|

= W,t,{Cv + Cp).

The ft. 1b, of work expended during the hour to heat the
air then is;

Qe= 778W,t,(Cv + Cp)

The horse power expended in heating the air then is;

o 118N, &, (0% & Cp)
H. P. = 780 x 33000

In considering the results of these tests, we would
like to call attention to relative sizes and horse-powers of the
engine,, compressor, and motor,

The maximum indicated horse-power which we were able to
obtain from the engine was a little over eignt. The compressor is
rated in the maker's catalogue at, from eight to thirteen horse-
power. A glance at the data will show that it was running at a
little more than half its rated power,

There is no way of taking indicator cards on the motor,
so we could not tell what its indicated horse-power‘was. we had
to keep it throttled down very closse, during every one of the
tests, and for that reason we know that the brake horse-power of
the motor was not as large as it would give with the throttle
full open., Judging from the gimensions of the motor (length of
stroke eight inches, dlameter of cylinders six inches) its rated

horse-power would be equal to, or greater than that of the engine,




if it was not limited in the supply of air. These facts will
partly explain why the efficiencies are so low.

There is one loss which the tests show to be very great
"and whieh would be iarge in any plant; that is the heat loss. In
this plant it is nearly two horse-power, Taking an average of all
the tests, we find that 26,84% of the indicated power ofthe engine
is used in heating the air and cooling water.

The losses due to friction were very large compared with

the power developed, because of the disproportion of the machines,
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SUMMARY OF TESTS.

Horse -power of the engine
Horse~power of the compressor
Horse-power of the motor

Pressure of air in receiver

Total weight of cooling water used

Increase in the temperature of the air,

(F)
Increase in the temperature of the
cooling water (F) .
Horse-power used to raise the tempera-
ture of the cooling water
Horse-power used to railse the tempera-
ture of the air
Horse-power lost between the engine and
compressor
Horse-poWer lost betwecen the compressor
and motor
Efficiency of engine and compressor
mfficiency of compressor and motorjratio
of B. H. P. of the motor to the I, H, B
of the compressor)

Bfficiency of the whole plant

I
7,25
4,44
.4035
374

3004

133.6°

21.,2"

.031

2.81

11
7 X7
4,78
519
a2

3254

127 .9°

16,98°

1.72

.028

2,39

4,0365 4,261

61 .249,

9.08%

5. 50

10 .86%

7.25%

62.6-2/3%

18T
6.9
4.73
4765
45

23 74

o By s

d0 27

2 17

4,2535

68 . 55%

10.07%

6.6%
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DEPARTMENT OF

TEST MADE AT_K.S.A.C. LABORAT7TORAY

- AMANHATTAN
ON_COAIFRESSELD AR FPLANT
DATE MAY 2 /903

HANSAS

MEecHANICAL ENGINEERING,

LOG OF ENGINE TRIAL.

CONSTANTS OF ENGINE.

OBSERVERS:

Diameter of eylinder. ... ﬂm Area of piston B 28.274sq. in.
Diameter of piston rod.. /& .in. Area of piston C. E...... 2788sq. in.

Length of stroke ........

:‘gg'ft, Engine constant for H. E., .00Q87
Engine constant for C. E., .0022,

Tle oI

KOA €

" M. E. P. LHP Brake Load (Dynamo). |
CJ:V[‘)d Time. R.P. M == e e e T oo 1 e e T A LT ) B. H P. Remarks.
o H E C. E L b C. E 'otal Volis. Amperes.
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oo b I 200" 2233 . BHg | 332 368 7.0/ & SRl > :
Ll 292 20,0 | 259 3.8 0 3.78 735 L
il 240 Bed - gz | 420 i i .8y SRl SOCNRIE R & SR Sl SR Nl =
12 | 290 . 1 pr ) padiih TS 283 72390 . ithie SR S e AR T b B ST
Syl it o S AN el E———————
______ 9 : e 0 TR bty el CHTR L BN At
fii {F R B | wassEmeRE LT T
1 R 5, g b ks BN RODHIE e R g LSRR
L e Pl alio i 9 ) S e Bl P _I, L
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T ; : =~ e — A BT ST = T =
il i T ] 3 T FUSS R EREE T i o
— | = HSEEa | - £ N SR et
ed e e~ e —— =
| Maximum, 252 5 8.75 —* ‘,— : ;
g__tMiFFu"u | o | g LR B eSS i
I Total ‘ E
— (5957 sl o | A
Pt A\'Y'age, Bk ; 2:4—_5“9 | >/~ |




 DEPARTMENT oF MECHANICAL ENGINEERING K. S A C

LOG OF COMPRESSOR TRIAL.

TEST MADE AT A5 AC [lasorarosr CONSTANTS O ENGINE. OBSERVERS:
Diam. of cylinder... .&......in. Area of piston H. EZ&26sq. in
AFanrsvarrans  AA4ArsAs
Diam. of piston rod, .<&....in. Area of piston C. E=#&Z8q. in
ON__dra Comenssson Length of stroke .... ... ft.  Comp. constant for H. E..@e/@45 %fﬁ‘/ta/{»ﬁ
DATE A7 > ==, 2207 Air per revolution ...#£.&cu. ft. Comp. constant for C. E.2R2285 /9_ @ . Qﬂ‘%
el ren M P Lup empersareot e, | Jompe |
of ca.Di'd. T SElRLl Dissipated Remarks.
H. E. C.E. H. E. C. E. H. E. C. E. Total. Initial. | Final. | Rise. |Initial. | Final. | Rise.
— | [ |
210 LEZ L7 £0./8 _'1?024 L. .25 2./9 | @ FEFF XL £ 59 S0 I35 P ;3/ | 7O7AL MAEr6HT  OF
= LLO VA4 L 67 2052 |£024 2. 28 2./9 A = J6,.7 | /90 L3377 %J:S’ Vel A7) | \roviinG wrarens =300
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e | | o L i B
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.- Total, leidsg I ‘ ! :
| Average, i/o"-?“—? ! | /236 | L2
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DEPARTMENT oF MEcHAaNICAL E NGINEERING, K. S, A. C.

AT
TEST N2/

LOG OF ROPE BRAKE.

CONSTANTS OF BRAKE, OBSERVERS:

Test made at..SS8.A.G..... LABORATOAY. Radius of pulley........... AQF.. in
............... ALANHAT - TAN.... FANSAS.. Weight of brake........... .8 _ 1bs.
On. COMPRESSED ... AIR. PLANT Weight on brake .......... LROE.....1bs
DatesAzay 2 Qa3 i Brake constant............ 000866
Numb Bal
of Rf;d?;g. R. P, M. Reaagﬂlc;. G EE R Remarks.
/ /10 7 FO34
s s e MR P 3887
3 QU Rl ST
# /10 7 AOIF
5 o S +£034
& o A ety o
7 (05 7 385/
8 02 65 42/
9 /0 g 2217
a2 1o 6 A2|7
L/ e o) . A294 ik
alfl i e R 7 e 25 +7/
Sl e N
Mol L I R _
- —
| i
I \_*_\—*_——____
| |
|
!
1
|

b
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DERPARTHIENT OF

TEST MADE ATA.S. A.C. LaBoasToRY

Mansarran Aansas

MECHANICAL ENGINEERING, K S A C,

LOG OF ENGINE: TRIAL.

CONSTANTS OF ENGINE.

OBSERVERS:

Diameter of cylinder.... 4. .in. Area of piston H. E..... 8.2 7.sq. in.

Diameter of piston rod.. /g"(m Ares of piston C. E..... RZ.28.5q. in.
2

ON_leasnr Encirve = e Length of stroke ... ... F-----ft.  Engine constant for H. E., .2@as5 > A =3
DATE _AZax 2, [903 Engine constant for C. E., .2.2as5s i P /ﬂ_ﬂ W v 5>
| e ¥l s = I A - TR B =
M. E. P LHP | Bisket Tioed (Dynstio) !
No. Time. R.P. M S e —— e B.H. P. Remarks.
sad H E (651 01 . K. C. E. Total. Volts. Amperes.
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TEST MADE AT KALS5.AC LAasron

Aanmmarran AANSAS

DEPARTMENT OF MECHANICAL ENGINEERING, K.S. A C.

ON_Ara Comeresson

Diam. of cylinder... .3 . ...

Diam. of piston rod, ‘./g’?-.......iu.

DATE __AZ4y» 2, /5903

LOG OF COMPRESSOR TRIAL.

OBSERVERS:

CONSTANTS OF ENGESR. cotr PR ESSOR

=

Length of stroke .... T R
Air per revolution . .24 cu. ft.

in.  Area of piston H. Ti@Q.2€5sq. in
Area of piston C. BZ&.75%q. in

ft.  Comp. constant for H. E.@C@L2/5
Comp. constant for C. E.Q.Q2 9 &5

%AQA

W(L‘Zaa—ff;%_

Area. M. E. P I H. P. Temperature of Air. e
No. Time. R. P. M. ooline Waier D-H’ E Remarks.
of card. i;sg)eagfd
H. E. C. E H E C. E H E Gl Total. Initial. | Final. | Rise. |Initial. | Final. | Rise.
1 |
/ 700 (92 /8 2o \=2h82 Y S 236 Z 92 T8/ (77 | //8.9\57.2 | 662 . 9 T OrAL e G e
i //0 psF il dien S azsailes goi | e | 250 288 SOFdyar liprelsrz | 6700 .99 it s g e T
i /42 L8 L8e |\ 2/[A9 22,06 | L. IZX | 2AT 4.87 60.8 |/85 \|tez.2 772 | 68 | /0.8
= /L0 YA 4 Lze (2,97 |2r69 |25 |235 .80 60.8 (/805 49.7 59 Fefg | [5.3] Passscne in
= /0 Loy e . 207 2l | owrp ipoag 2.89 617|190 /285 642 | 842 /95 | .
6 /08 /86 i - [ = R i B 1 B D= S+ FZ 62.6 /02 |/2/4|63./ | 842 | 20/
z /103 LB Ll T 7 P e R e e 2.Z/ 2.248 FE9 62.6 | 496 | [33% ' 60.6 | 806 | /9.8
8 108 188 drg Clesses laysis | s s 50 276 635 (/a7 |s225 |58/ | 732 | 153 | -
9 102 /. 8F (79 2197 \pl69 2.4/ 2.3/ e 65.3 |/98 /527 |60.8 | 797 | 189 |
/0 7y Lga g2 2ror eNidenilp s U Bap i 662 |09 |y228|607 815 |s08
174 /o2 Loe Nire |2io- Plé0c|\pgs 2,22 o 57 68 |20/ |473 |s26|822|2/6 |
/2 V74 YAV F P 2. 907 |2/ x5 | 2 dh |2 .32 = Lise e 662|202 (758 |62.6|85/ |22.5 |
| i
[
| [
| |
| | i
| ] | |
| | . :
' ; |
I [
|
l
id) |
I ! i
P P e | : |
! T |
—_— | 5
| | \ 1
B | | S T |
E—ﬁ-ﬁ%’:: T_:T"l‘u‘g Bl Z.92 ‘ 135.8 22.5
B s sk o 18 .9 9
— Tl 6530 = |
el | AVETAYE, [08.5 i e /2 7,9E /6.98




TEST NS 2

DepARTMENT oF MEecHanNicaL EnaINEERING, K. S. A. C.

LOG OF ROPE BRAKE.

CONSTANTS OF BRAKE., OBSERVERS:
Test made at f.S.ALC... LABORATORY. ... Radius of pulley........... 03 i,
e A ANIAATTAN... SCANSAS......... Weight of brake........... SN L 1bs.
On. COMEPRESSELD.. AlA.. . FLANT. Weight on brake .......... Qﬁéi 1bs
Date oA Ay e = ST e Brake constant............ RRO6EE..
Numb Bal
of I;len;d?rl;g. R E M Reaé.gic; B. H. P. Remarks.
/ 100 -} L L
z2 (100 6.5 D38
3 (04 7 Wil
+ /0 ) B73
o 106 8 J43
7] 02 8 523
e 02 o) 523
8 06 & 543
9 (04 8.5 766 L
10 (0% B85 F66
17 /00 g 96 hE
Iz 96 /0 Peal )




DELARTMENT OF

TEST MADE AT A5 . A.C. L sascsearcar

MA/‘\/NA?"rAN

A4 resAs

Diameter

ON_Lfopre bor Epvsine

DATE __AFuas> &

G5

Diameter

Length of stroke .......

LOG OF ENGINE TRIAL.

CONSTANTS OF ENGINE.

1n.
£55...in.

of eylinder. ...
of piston rod..

Engine constant for H. E.,
Engine constant for C. E., .@2.0¢55

Ares of piston H. E.&& 7 8q. in.
Area of piston C. E....£ 7A& . sq. in.
RODT 7

OBSERVERS:

MecHANICAL ENeINEERING, K. S A C.

M. E. P. : ‘ o= 1 Brake Load (Dynamo).
No. Time. R.P.M | - == o B. H. P. Remarks.
Sarcl HE e | Wk C.E. Total Volts. | Amperes.
BT o 2EZ L2668 |FR.9 | 368 Ve O S| Fr e el A SR T
I TR b R e e e 1 2 35 27/ 2332 363 |20f 6.6F = & B
3 LF PZiae e e L FiEo: | 22 Gk &.73 A b -1a il =
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Bt 225 2752 |24.37 38#£ | 228 7. s2 -
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3 L = o Siatimion il e Al i 2l Gy 6.5.9 1]
g =) a2 5 | G20 S 6.59 B S B | A
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1 Lt E St ‘
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| | | o o e | il g o T T s SR e
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DEPARTMENT OF MECHANICAL ENGINEERING, K& iA O

TEST MADE AT HSA.C. [ ABOBATUOAY B

AAANHAT TAN

HRANSAS

ON_COMFPRESSED AlA PLANT.

LOG OF COMPRESSOR TRIAL.

OBSERVERS:

CONSTANTS OF ENGINE.

Diam. of eylinder... 8 in
Diam, of piston rod, /g‘

Length of stroke . ... 33' it.

in.

Area of piston H. EZ%28sq. in

: L.a.Crrrs

Area of piston C. EF@:7Z8sq. in
Comp. constant for H. B.00/0(5.

C ) rnhc

Comp. constant for C. E.Q02985

DATE _AMAY- 8 /803 Air per revolution .. €. cu. ft.
Area. M.EP L. H: P. Temperature of Air. g;%§£2r$;§ei' P
No. | Time. |R.P.M. £ = Dissipated Remarks.
of card. in heat.
OB A Cims | Haby lee B HE, .u C. E. Total.  |Initial | Final. | Rise. |Initial. Fina,l.} Rise.
| e e |
s 105 s, I M=) s D A S = 4,26 |85/ 202 |/169 64.4 86.9 Z2.5
oL | 100 [.69 (82 | p2ps P26 |225 (2.8 4.43  |83.3| go4 (207 | 603 BLY 2.6 Total e
3 /05 493 /85 | 227 2242 242 2.32 474 833 | 207 /237 66.2 869 20.7 used i test 2377
e (08 197 | 193 | 23./8 | 234 | 2.0¢ 249 503 |83.3| 209 /257 66.2 8689 20.7 |
b | Al S L8 185 | 2235 \p2 4212368 232 470 8£.2| 210 /298 662 878 21.0 _ Receiver Pressure
£ | (00 /.83 /85 | po7 | a2 | 23/ |22/ | 452 B33 | 2/0 [26.7 68 70D 2T
7 (0% L84 189 | 2282 23 Pl ) e 276 833 |2/00|[272 70.7 | 94/ 23.4
8 | (05 1.9¢ /88 | 22.82 | 23 2.44 | 237 28/ |842| 2.4 1129.8|68.8 35 252 |
9 110 (88 | /89| 233 | 23 26 248 508 842 2/ [3.8.69.8 8908 25 1
2 106 /89 (185 | 2224 |22 #2 | 239 |2 34 273 \Bep 216 |/3/.B66.9 968 279 |
/" /08 L.89 (L85 | 2235 | 2242 | 2 £+ (2.39 483 B4z |2/6 [3/870.7 8986 27.9 |
7 (05 195 /96 | 2445 |24 44 245 246 | 491 |64z 216 [33.6 69.8 99.0 29.7
| | |
| |
| ‘.
|
| [
! \ | T [
| A {L | .
! |
‘ }
| ; |
l | | ey
| ! Gmee e
rE S | | [ g
s ———r
B e 4.26 /(6.9 ol
i Avera'lge iﬁjof)s)— i | i 5.6;8‘0_‘— /5255? e £60.7 e
LLoab ,‘/0 | l | & i :/27-‘/ | } Z2.4




TEST NE83

DerpPARTMENT oF MEecHanicar EnaINEERING, K. S, A. C.

LOG OF ROPE BRAKE.

CONSTANTS OF BRAKE. OBSERVERS:
Test made ot /9A.C.. . LABOAATAAY ... Radius of pulley........... .. fOF ... A e P e e R e e et L
o MAANHAT-TAN....... . HANSAS. Weight of brake........... .. 8F.... 1bs.
On. . COMEPRESSELD.. AR FLANT. Weight on brake .......... . e 1bs
Date AAAY B 903 Brake cORSEANb. s e dQOIESE A S R e e e S s
Number Bal
of Hondta g | BPM Reaagi“;;_ B.H.P Remarks.
/ 100 9 496
iz 95 9 470
3 95 9 470
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