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EFFICIENGY TESTS OF AN AIR COWPRESSING PLANT

The air compressor plant tested is a part of the equipment
of the Mechanical Enginsering Laboratory at the Kansas State Agricul-
tural College, It consists of a vertical steam engine, an air com-
pressor, an air receiver, and a Westinghouse steam engine used as an
air motor, The arrangement of the plent is shown in the accompanying
scheme,

The vertical steam engine is supposed to develop about ten
horse power when running at two hundred fifty recolutions per minute,
The diameter of its piston is six inches, and its stroke is eight in-
ches, The diameter of the piston rod is one and one-eighth inches,

The engine receives steam from a two and one-half inch pipe,
which is connected to the steam main, The steam before reaching the
engine passes through a steam separator,

The condition of the steam was about ,995, The engine ex-
hausted into the air,

The air compressor is of the Ingersoll-Sergeant meke, The
diameter of its piston is eight inches, and its stroke is eight inches|

The diameter of its piston rod is one and three-eighths inches, The

compressor is driven by the steam engine with a two ply leather bel t,
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The Westinghouse steam engine which was used as an air motor
consists of twe vertical, single acting cylinders, The diameter of
the pistons are five inches, and their stroke six inches, The cranks
gre one hundred and eighty degrees apart,

The air from the air compressor is delivered into a two and
one half imch pipe, which leads to the receiver, whose capacity is
eighteen and eighty-five hundredths cubic feet, TFrom the compressor
to the receiver the pipe is fifteen feet long. From the receiver to
the motor the air passes through twenty-eight feet of two and one-half
inch pipe and thirty-three feet of two ineh pipe, Meking in all fif
teen feet of pipe from the compressor to receiver, and about sixty-one
feet from the receiver to the motor,

The purpose of the test was to find the efficiency of the
plant, and that of the compressor and engine, In order to obtain
these efficiencies it was necessary to find the indicated horse power
of the engine amd compressor ard the brake horse power of the air mo=-
tar, The other readings or observations taken were: the number of
revoluti ons of the engine, compressor,amd motor; the temperature of
the entering and leaving cooling water; the temperature of tle air at
admission and also after being discharged into the delivery pipe; the
weight of the cooling water; the gauge pressure of the steam and of
the air in the receiver; and the scale readings of the spring balance
on the rope brake,

The indicated horse power of the engine is the Sum of the
horse power found from the cards for the head and the crank end of the
¢ylinder, These horse powers were found by the following formulas

For the head end:--

1B = R, P. M. X 1. E. P, X Area of piston sq, in X length jof stpok

33000 Thn 1%,
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For the crank end:-

18 = R.P.M., X M,E,P, X Area of pistom sq; in X length of stroke in
t .~ Area of piston rod in sq, in,
33000

The indicated horse power of the compressor was worked up in
the same way. A rope breke was used to find the brake horse powsr of
the motor, One end of the brake was attached to a spring balance
vhich was suspended from a beam by a rope, The brake passed around
the pulley once amd weights were hung on the other end., The brake
was so placed that the pulley in revolving would temd to lift the
weights, The bearing surface of the pulley was cooled by the exhaus}
from the motor., The brake horse power was obtained in the following
way:

Let W.= Work of the revolving wheel,
W =Weight on the brakel
W2= Scale reading of the spring balance with a load on,
W3= Scale reading when the motor is running empty.
P = Unbalanced force,
V = Velocity of wheel in feet per minute,
R = Redius of the wheel plus the radius of the rope, in feet,
N

= Number of revolutions per minute,

But,

P. = W.- (W2 - W3),
fad, v, - 2,77, R. N,
Therefore; -

it
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= (W= (w,;;g__{;“?:'j.‘j) BT Rgong

33000




72 its final temperature; C, the specific heat of water; which is one;

And the air breke horse power equals;

o) B Tl B2 N

The horse power lost in the cooling water was:

HP, = jz&_%zii._(_&_l.l
3000

in which T, is the initial temperature of the coolirng water;
and W, the number of pounds of cooling water, The temperatures were
taken with centigrade thermometers but were reduced to Fahreinheit be=
fore they were used in the above formula,

The horse power lost on account of the rise in temperature
of the air during compression could be obtained in the same way if the
value of the specific heat of air was definitely known,

The efficiency of the plant is the ratio of the brake horse

the indicated horse power of the engine,
power of the motor to_/The efficiency of the air comprossor and en-
gine, is the ratio of the indicated horse power of the compresser to
that of the engine,

Four tests were made on the plant, The cards and readings
were taken every five minutes, From this data the horse powers were
computed and the efficiencies obtained, Durirg theé test the air supply
to the motor was throttled, in order to keep the pressure in the re-
ceiver as near constant as possible, In spite of bhis regulation it
often veried ten pounds during the test, The principal cause of this
was the inability to keep a constant steam pressure,

The low efticiency of the plant may in a measure be expected,

The engime was of an old type ami the mechanical losses were great, 1%

had been discarded as mseless sometime before but had been overhauled

The belt would slip when-

and practically rebuilt by the department,
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gver the pressure in the receiver would go above fifty pounds gauge,
The losses in cooling the walls of the cylinder, and that
lost by the rise in temperature of the air during compression amounts
to considerable, There was a great loss of power in the air motor,
This was partly due to the small ports, which should be larger for air
than for steam in an engine that will develop the same horse power,
The average horse power of the engine was six and ninety-nine hundred-
ths, and the compressor four and sixty-two hundredths, The average
brake horse power of the motor was seven hundred fifty nine thousand-
ths, The average efficiency of the compressor armd engine combined,
as shown by the ratio of their indicated horse powers was sixty-five
and two tenths per cent,

An average of each test has been made, and also a final aver-

sge pf the four,
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DEPARTMENT oF MEecHANICAL ENnaineering, K. S, A. C.

LOG OF ROPE BRAKE.

CONSTANTS OF BRAKE, OBSERVERS:
Test made at. KANSAS STATE....... .. Radius of pulley........... LR e S e e e A S
o ACRLCULTURAL.. COLLEGE ... Weight of brake........... .8 Ibs. AL LAl TG e L L
on... LR .AMezos.......... Weight on brake .......... 2.8 ibs L MENODELL P TERRELL
Date AL LB . LP0F Brake constant............ R A A s R e S e L
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DEPARTMENT OF MEcHANICAL ENaiNeeeing K. S A C

LOG OF ENGINE TRIAL.

TEST MADE AT HANSAS ST Az~ .~ CONSTANTS OF ENGINE. OBSERVERS:

AcLrce s LT AL NGOt Diameter of cylinder. ... 5:111 Area of piston H. E.&4. 507sq in. —— -
Diameter of piston rod.. ,/zgé...in. Area of piston C. E...=27 Z& . sq. in. AVG YL VA
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TEST MABDEAT  ARNSAS STz
ACRICULTURAL COrsivr

LOG OF COMPRESSOR TRIAL.

CONSTANTS OF ENGINE.

ON

ArR CON PRES. SO,

Diam. of cylinder... e in.
Diam. of piston rod, ..../@é‘t“..in.
Length of stroke .... L

ft.

Area of piston H. Eféa?ﬁsq. in
Area of piston C. EZ£755q. in
Comp. constant for H. B..2@/02/6

OBSERVERS:

DERPABBAENT oF NMECHANICAL ENeNEERING K. & A ¢

S NASBE L LA N PR N e,

WeENDELL P 7ERRELL

DATE _Ar~, ~R/s 2 15 [T Air per revolution .zZ & cu. ft. Comp. constant for C. E..222989
o Temperature
Oflggi.d o L Area. M. E. P. ESEl Temperabt\l.lre of Air, g Cooling Water. C, DE;DE;‘L o
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Total
Average

Run No, 1

April 18,

Efficiency of Plant,

Engine lotor
7.85 845
777 792
7.87 .828
5,73 .675
4,57 .39
5,11 497
6.36  .629
6.60 .709
5,09 .504
5.98 .612
5.89  .660
6,97 742

75.79 7.892
6.31 .658

Difference
7,005
6,978
7.062
9.055
4,171
4,613
0,731
2.891
4,586
0,368
5,230
6,228

64,918
9.409

Efficiency

10.8
10,2
10.6
11.8
8.7
9.7
9.9
10,7
9.9
10,2
11,2
10,6

124,3
10,36




Run No, 1

April 18,

Ratio of Indicated Horse Powers,

Engine Compressor Difference

1 7.85 5,24 2.61

2 7.7% 5,25 2,54

3 7,87 5,2 2.67

4 5,73 3.94 1,79

5 4,57 3.06 1.51

6 5,11 3,47 1,64

7 6,36 4,22 2.14

8 6,60 4,34 3,26

9 5. 00 3.19 1.90
10 5,98 4,05 1,93
11 5.89 4,26 1,63
12 6.97 4,89 2,08
Total 75.79 51,11 24,68
Average 6,31 4,26 2,05




DerPARTMENT oF MEecHaNicaL EnaineerING, K. S. A, C.

Test made at. A ANMSAS STAT L.
o ACTICULTURAL. OLLECE..

ONn... Ab=2. M@ 7R T

LOG OF ROPE BRAKE.
CONSTANTS OF BRAKE.
G995 in.

Radius of pulley...........

Weight of brake........... ....€a...
wnd ... 1bs

Weight on brake ..........

OBSERVERS:

o ML L LLIANM TN EULL. ..
............ Wenoerr P IERRELL.

Date MAK./.’EL/.?&’4 Brake constant ............ « P A R e s A S e e e e
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DEPARTMENT o MNECHANICAE ENEINEERING .S A O

LOG OF COMPRESSOR TRIAL.

TEST MADE AT___AANSAS S747r CONSTANTS OF ENGINE. ; OBSERVERS:
Acrrces 7247 Diam. of cylinder... arll'l Area of piston H. Eﬂgésq. in
Coriece - Diam. of piston rod, ____/E,g;fmin_ Are@ of piston C. B4 7&%sq. in WL L/AMEHAZMLLf """""" 5
ON Assz JOMP/?[‘F‘S‘Q/?‘ Length of stroke .... j‘é ft. Comp. constant for H. E.00L0/76 : WENDELL P TEEEELL
DATE _AZay. 2, LSO L. Air per revolution .<%7&cu. {t. Comp. constant for C. B, L0057
¢ Temperature
No e g Area. M. E. P. I H P. Temper?lre of Air. Godline Wator, 0. HP .
of card. : 0 inheat. |
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PDEBARTMENT OF MEC/—/AN/CAL ENGINEERING K 5 4 ¢

- LOG OF ENGINE TRIAL.
TEST MADE AT AANSAS STA7 5 e e : OBSERVERS:

ACrrcvezerAL Gt egs o o S Diameter of cylinder. .4£..in. Area of piston H. E.. 2&.2.7. _sq. in.
i Wi s e 72%/\/;9#4/_

: : : Diameter of piston rod.. /é in. Area of piston C. E?thfsq in. —
ON__ . S7E£AMr NG : ; P .
e : IS i oo o R Engindeonbtanttor B s, Q20T TS WENDE, I P TErRelE

DATE _Afay 2. /9OZ A Enginebonsta.nt for C. E., 2205507 : ST Salaver R oWl

No. . M. E. P i H P | Brake Load (Dyna.mn)
Gind. Time. R. P. M. | ; i = S CaAvE = B. H. P. Remarks.
H. E. C. E. H. k. C. E. Total. | = Uoks, Amperes.
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Run No, 2 May 2,

Efficiency of Plant,

No, Engine fotor HP lost Efficiency
1 7,61 ,935 6.675 12,3
2 6.77 845 5,925 12.4
3 6.84 .860 5,980 12,5
4 6.80 .827 5,973 12,2
5 7,02 776 6,244 13,3
6 7,46 .814 6,646 10,9
7 6.69 .814 5,876 11,7
8 7.60 .815 6.785 10,7
9 7.51 .814 6.696 10.8

10 7.54 779 6,761 10.3
11 7.36 971 6.389 13,2

12 7.36 .916 6,444 12,4

Total 86.56  10.166 76,39 140,5

Aver age 7.21 847 6,366 11,7




Run No, 2

Nay 2.

Ratio of Indicated Horse Powers,

No, Engine Comprssser HP, Lost Ratio
1 7.61 4,76 2.85 63.5

2 6.77 4,11 2,66 61.6

3 6.84 4,13 2,71 60.4

4 6.80 4,39 2.41 64.5

5 7,02 4,54 2.48 64,7
6 7.46 4,70 2,76 63.0

7 6.69 4,43 2.26 60.2

8 7.60 4,67 2.93 61.4

9 7,51 4,95 2,56 65.8
10 7,54 4,75 2.79 63.0
11 7.36 4,58 2.78 62.2
12 7,36 4,66 2.70 63.3
Total 86,56 54,67 31,89 759.9
Average 7,21 4,55 2.65 63.3




DEPARTMENT oF MEcHANICAL E NGINEERING IS A. C.

LOG OF ROPE BRAKE.

CONSTANTS OF BRAKE, OBSERVERS:
Test made at... ALANSAS. ST ATL. Radiis ot nullogs ol el T in oo e R e T
AcriciunTwrAlL Coll EGe. Weight of brake........... ... B . 1bs. WENDELL R TERTELL..
on...AlR.MNMZOFR.... ... Weight on brake.......... ..s9.Q  lbs MWl tAM. TURNEUYLL.......
Date MA}’/@/;904 ---------------- Brakerconstants o b GO/ <29 e s e
OfNI%lenalgielfl‘g. R. P. M. %38323’{:;;, B. H. P. Remarks.
/ leas b /5 o . 6F4L
A L/ .0 /6.0 66/ _
3 B3.0 /8,0 270
i 63,0 195 ,343
i 76.5 /9.5 £/
(@) /60,0 /6.0 G5F-
Gk E6.p /8.5 250
>4 B39.0 /9.0 P
g g0 .0 /9.5 TOZ,
/0 /I OR.C /B0 o778
A /07,0 /7.0 GEL
/R //6.0 /6.0 W04
Maxiaum | 160 | /95 | .95
Minimung | &3 /8.0 Bl
_Torar | /189, | /210 | 6855
Averace | 89 LGS




DEPARTMENT oF MECHANICAL ENGINEERING, K.S. A C

LOG OF COMPRESSOR TRIAL.

- TEST MADE AT KANJAJ J_ML CONSTANTS OF ENGINE. OBSERVERS:
Acricut mumral Cos EGr Diam, of cylinder... ....€3 _in. Area of piston H. EJGZ 6. in >
: o 2 ; ! WENDEL L P.TERRELL
A Diam. of piston rod, ,..../g:.,m. Area of piston C, B Zdsq. in . Bl
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DEPARTMENT OF MECHANICAL ENGINEERING K8 A 0

LOG OF ENGINE TRIAL.

TEST MADE AT KANSAS Sraze . il ST AN o R OBSERVERS:

—AGMU;M&AL*C—OLLEQE___.‘__R Diameter of cylinder.... sd;m Area of piston H. E... A8 &7 sq. in. " WE DELL ; 5 >3 ;E; /:E’- S
Diameter of piston rod.. /dfe‘m Area of piston C. E...R7ZLS. sq. in. N 2 S 7l A 0 B e

ONM"ENG/NE - Length of stroke ........ 32_-& Engine constant for H. E., G.Q005 7/ 2 Wrteiant A s A e
DATE ﬁMALLQanOé*ﬁ_ Engine constant for C. E., 0.QQQ550/

Mo ”_ M.E P. I HE P | Brake Load (Dynamo). | : |
Card. lime. e BN e e e B T | Perssore | 535 B =t Remarks.
H E. C. E H. k. C. E Total. caTE:y | Amperes.
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|
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| | i rpas D
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Run No, 3

Efficiency of Plant,

i

No. Engine Motor HP Lost Eff iciency
1 6.29 644 5. 646 10,2
2 4,75 .61 4,089 13.9
3 3,92 470 3,450 11.8
4 3.38 ,343 3,037 10.1
5 4,3 .416 3,914 9,6
6 7.90 ,954 6,946 12,0
7 5,36 ,480 4,880 8.9
8 6,23 Ao 5,736 7.9
9 5.53 .502 5.028 9.0
10 6.95 .578 6.372 8.3
11 6.81 .62 6,188 9.1
12 8,27 .691 7,579 8.3
Total 69.72 6.855 63,685 119.1
Aver age 9.81 +571 5.200 9.9




Run No, 3

May 10,

Ratio of Indicated Horse Powers,

No, Bngine Compressor HP Lost Ratio
1 6,29 3,78 2,901 60.0
2 4,75 2,76 1,98 58.1
3 3.9 &,08 1,84 23,3
4 3.38 1,80 1,58 53.2
) 4,33 2,24 2,09 ol.7
6 7.90 4,45 3.45 56, 3
7 5,36 3.08 2,28 57 .4
8 6.23 3.36 a,87 53,9
9 5.93 3.48 2,29 59,3

10 6,95 4,23 2,72 60. 8

11 8,81 4,42 2,39 64,9

18 8.27 4,93 3.3 56,8

Total 69,72 40,43 29,31 688,90

Average 5,81 . 3.37 2.44 87,37

————re——— gl




DEPARTMENT oF MEecHanicar Eneineering, K. S, A. C,

LOG OF ROPE BRAKE.

CONSTANTS OF BRAKE. OBSERVERS:
Test made at AANIAS STATE........ Radius of pulley........... 7 e T e e Sl e R e
o BCRLCULTU AL COLLEGE. Weight of brake........... e Ml iAr TumN Sk
On. Arm Aoras 0 L Welghtion buiskel ., cuos il dhet o b o Wennerr P TERRELL
Date - ALA L A6 LT Brake constant............ 2 o e e S e e
ofl%uerggie:l‘g. R. P. M. f}?eaig?[fg, B. H. P. _ Remarks.
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2 £ Z0. i I E ;
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2. o2 /2 LBOZ
/0, S50 /2 272
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/2. 60 7 226

MAxisnr, 2H£2. | 2/ B
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To7AL. 20 L5% 277, LI TGET
AvermacEa 65, /2. |~ FE2




DEPARTMENT oF MECHANICAL ENaINEERING K. S A C

LOG . OF: COMPRESSOR’ TRIAL.

CONSTANTS OF ENGINE.

TEST MADE AT_AANSAS S 7T AT ~

OBSERVERS:

= Diam. of cylinder... ...¢h..in. Area of piston H. E2Z&¢.5q. in :
T Ao iacia oy /Q‘QZKFK:E—._—__ Diam. of piston rod, ..Zg'?:.f....in. Area of piston C. EZ4.%25%q. in Wotriane Tumneete. g
ON Ak CﬂMPﬁ[jM Length of stroke .... j?ﬂ . Comp. constant for H. E.2LLE/E e ENDEL P e e
DATE AZ7Aay /& [ G0Z Air per revolution . gZ5Zcu. ft.  Comp. constant for C. E.202955
J
Area. M. E. P LH P Temperature of Air. Tomporagt
oflggi' 4 - Time. R. P. M. : : = G Glolina v c Dg}}i}?{’d ~ Remarks.
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DEPARTMENT OF MECHANICAL EncINEERING, K. S A C

LOG OF ENGINE TRIAL.
TEST MADE AT _AANSAS S TATE CON L ANTS OH TN OBSERVERS:

Acrrices ZURAL COLLEGE. . Diameter of cylinder. ... u.in. Area of piston H. E..28.27 _sq. in. W/LL 7_ 0 T :
= Diameter of piston rod.. ./g”.,..in. Area of piston C. E?Z«Qgeq in. ; LAM LUANGULL.,
ON—M"M”[NG//Vé' g Length of stroke ........ ,_?th Engine constant for H. E., . 8005 772 WENDELL R TERRELL .
DaATE AdAay. J&. /I : Engine constant for C. E., .d@2558/ =

= i i | |
M. E. P. I.H P. | Brake Load (Dynamo). |
— e - . — R e BiER : Remarks.
HE | GB | WK | GE Total. | Yoks. Amperes.
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Run No, 4 May 16,
Efficiency of Plant.
No, Engine Moter HP, Tost Efficiency
I 8.14 .936 7,204 10,1
3 7.9 .994 6.995 12,4
3 10,62 1,510 9,110 14,2
4 9.31 1,196 8,114 12.8
5 11,18 1,228 9,952 11,0
6 8,14 .972 7,168 11,9
7 8,27 .702 7.563 8.5
8 6.80 .525 6.275 757
9 7.77 .804 6,966 10.4
10 8.78 .832 7.948 9.5
11 8,92 ,912 8. 008 10.2
12 7,79 .936 6,854 12,0
Total 104,31 11, 547 92.163 130.7
Average 8,64 .962 7,680 10.9




Run No, 4 May 16,

Ratio of Indicated Horse Powers,

_No, Engine Compress or Biff erence Ratio
1 8,14 5,25 2,09 64,4
2 7:58 5,96 2,03 74,5
3 10,62 7.51 3,13 70.7
4 9,31 - 7.14 &, 17 76.0
5 11,18 7.5 3.43 69,3
6 8.14 6.47 1,67 79,6
7 8.27 5,57 2,70 67.3
8 6.80 4,54 2,26 66,7
9 7.77 5,% 1.78 77.0
10 8.78 6,57 2,21 74,8
1E 8.92 6,73 St 75,4
12 5Ty 6,08 1,71n 78,1

Total 104,31 75,96 27,33 873.8

Average 8.64 6,29 2.9 72,8




Four Tests,

A verage Efficiency of Plant,

o, Engine Motor P, Lost Efficiency
1 6,31 . 650 5,409 10,36
& 7.21 847 6,366 11,70
3 5,81 71 9.200 9,80
e 8.64 . 962 7.680 10,90
Total 27 97 3.038 24,655 42,86
Average 6,99 . Fog 6.143 10,71
Average Ratio of Indicated Horse Powers,
o, Engine Compressor HP, Lost Ratio
1 6, 31 4,36 <, 00 67.4
2 7.8 4,55 2,65 63.3
3 5.81 3,37 2,44 57,4
4 8,64 6,29 2,79 72.8
Total 27,97 18,47 9,43 260.9
Average 6,99 4,62 4,36 65,2




