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THE EFFECT OF COLIPRESSION

upcn the

HEATING VALUE AND
ILLUMINATING POWER OF CARBURETTED WATER GAS

by-HORACE H _CLARK __ e

The object of thie series of teste was to determine the
effect of compression upon the cindle power of carburetted water
gas, as made in the daily operation of a three plece water
gas machine, ocooled in condensers, passed through shavings,
scrubbers and oxide material, and thence into a storage hclder,
ready for compression and distributicn.

The apparatus consisted of a small Westinghoum air
compressor; nine atorage.tanks of six inch wrought iron pire;
transfer pump; pressure regulator; etandard one hundred inch
bar photometer, complete, with regulators, clock, meter, pentane
lamp, etc., gas analysis outfit, complete; also gages, ther-
mometers, etc.

The compressor was fastened to the wall of the Boiller
Room, adjoining the buildin: in which the tests were made, so
that the gas wes not exposed to cold, No outside pipe being
necessary.

The gae supply line from the holder was two hundr=d feet
of two inch pipe, well protected from frost. The line from
the compressor to the storage tanks was of two inch pipe,

reduced to one inch at the header for the nine storage tanks.



This line was run indoors and proteéected from frost. The
header for the tanks was made up as shown in Fig. I. All
unibna-were ground joint; and all cocks were brass, of the
high pressure type.

The nine storage tanks, which were of six inch threaded
pipe, were designed theoretigally so that the longest tank
would hold enough gae for all tests. This eliminated any
possibility of variation of the gae supply whicH might have
occurred had samples for different pressures been taken from
the worke Holder. The dimensions of the storage tanks
are given in Table I.

The pump used for transferring the gas from cne tank
to the next, was & simple brass hand pump, having brass check
valves, both inlet and outlet being below the piston. The
piston was solid with large cup leathers, and had a diameter of
three inches with a three and one-half inch stroke. A water
gage was placed on the inlet of the pump and by slowly opening
the stop cock, the relative pressure in the tank being
exhaueted cculd be seen. At no time wae a negative pressure
allowed; thitis, a greasure below atmospheric. On the outlet
of the pump was placed a pressure gage reading to fifty pounds
by half pounds, and a thermometer. Any heating of the gas
was corrected so that the desired pressure at 60° F. was ob-
tained.

A Williamson Regulator was used to reduce the pressure



in the tanks from pounds to inchze water. This was

placed in the line to the photometer room as shown in Fig. II
This regulator handled all preasurea'from five pounds to forty-
five pounds ﬁithout variation.

The Photometer Room and Laboratory were situated on
the same floor and convenient to the storage tanks, as shown
in . Fig« I, These rooms, as well as the room in which the
tanks were located, were properly heated, so that a minimum
temperature of 60° F. could be maintained.

In starting the Westinghouse Comrressor, considerable
varlation w=s noted in the flame at the photometer. From
Fig. II. it will be seen tliat this fluctuation wzse caused
by the compressor. A water gage on the inlet to the com-
pressor showed holder pressure before the stroke, but a
pressure of one inch bslow atmospheric pressure during the
stroke. As there was danger of alr leaks, and to avocid the
fluctuations of the flame at the photometer; a storags tank
or reciever, made of a plece of eight inch threaded pipe eight
feet long, was plaéed in the gas line at the inlet to the
cCompressor. The water gage now showed not less than two
inches water pressure above atmospheric. This receiver re-
moved the danger of air leake but only partially overcame
the fluctuations of the gas flame., - This variation of the
ga8 to the photometer room wae avoided by putting in a by-pasas

‘between the compressor outlet and the receiver. In this by=-passe



was nlacsd a stop cock so that the amount of gas, retirned
from the compressor to the receiver, could be rezulated.

Aftzr the first full stroke of the compressor, no fluctuatiion
of the gas waé noted, when the by-pass was properly regulated.
Se= Fiz. I1I.

Much difficulty was experienced in making the storage
tanks gas tight. When the nine tanks were assemobled and
sutjected to fifty pounds per esquare inch air pressure,
eighty per cent of the joints leaked. This was due to ths
fact that standard c~pe and couplings were used on threads
cut by a local machine cocn which the taper was too great.

The leaky fittinzgs were removed and o2

S

(%

laced with litharge

"

and zglycerine on the threads. The air test showed tﬁenty
per cent of the joints.still leaking. ‘Theaa were removed
and put on with red le.d and shellacgc, Live steam was ad-
mitted into the tanks and all joints baked for three hours.
After coolinz, the air test showed ten per cent of the joints
leaky. A number of these were stopped with standard six inch
leak clamps and the smaller ones were calked. Air test and
soap suds showed no leaks oth=r than a pin hole here and tere
after the last remedy.

The nine storage tanks were tapped in the center of
eachk cap on the header end, and in the lowest point of the

caps &t the far end. The latter taps were used for purging.

1% was the intention to remove drip and condensation from



~ these openinge*Buﬁx5éftheuqu&htiﬁ&?depos;tedfwas,so.smail,
faliigffdrté”infﬁh&@fdixéﬁt;on_Wefé abdndoned;
ﬂAftéfAstéffing"the cdmpiessor*aﬁdfregulatihg;to*about
forty strokes per minute, all gas pipes, tanks, ete. were
purged until an analys;sfshowed:no;air,ﬁfésent‘. All cocké”
opening fo the atmospheré. were closed and the by=paess at
36/ GompFessor regulated 80 that in ten minutes,E£ive poinds
gage pressure & 60° F. was notéd in’eath of the mine storage
tanksf’l | “
fDurihggtﬁigwpbfiod,_phétdﬁefr;c;tgstéwwére;made on
. the ga§ frdm;the”inlet side.qf thé1dpﬁpféssbr;,fgnd‘a’éample
ifakeﬁ$£pf§analysis;'J TheicOrféctéd candlé pdﬁei thus fdund
Waé;takén'és°themvalue of the'gas before comoreésinh.‘ ﬁ?-‘;;
A cha®t showing th¢"relation between temperature‘?
and pressure .was avallable so that any increase of temperaturé
above.. 60° F. could be noted and_the 1ncreased pressure con-?r
“aidened,~saythat the aetual prgbsure desired would exist at
60° F.
 When after ten minutes the pressure had reached five
. pounds, all stop cocks théh 6§én were closed, and the
'compreésor stopped.' The stops in the line to the photometer
Weregnow_opened,aﬁd the gas f:pm'the five pound tank (1) turned
on. The gas passed through ten feet of three~quarter inch
plpe to the regulator, thence through five feet of half-inch pipe

to the low pressure regulator, the previous regulator Yeing of



the hizh pressure type for reducing from pounds to inches.

From the low pressure regulator the gas passed through a

wet balance governor, test meter, and thence to the photoneter
burner, which was a seven footf%gzma'burner.through;which the
gas flowed at the rate of five cubic f:et per hour. No dry
governor was used in the line between the meter and the burner;
this might account for the slight variation in some of the
readings of the Bar,

The gzas was ignited at the burner and ten observations
were made at intervals of thirty seconds. Previous te making
these tests, the test flame was allowed to burn for ten minutes
and the pentane standird regulated. The object in burning
the gas ten minutes was to obtain the gas, from the tank, at
the burner. The temperature of the gas at the meter, bar-
ometric pressurs, rate of flow of gas, were noted. Dubihg this
test a sample of the gas was taken for analysis.

The gas from tank (1) was now shut off, and the stop
to the photometer closed. The plugs in the street tees
to'tanka (1) and (2) were removed and the connections for
the transfer pump screwed in. The cocks on tanks (1) and
(2) in Fig. III were opened slightly to purge the pump and
fittings through the union = (26) Fig. III. The union was
now closed and the cocks to tanks (1) and (2) opened wide.

The transfer operation was now bezun. Durinz thies operation

the analysis of the,6 gas sample taken from the previous test,



was made. The traﬁ&ferring'waa continued until the gzage

on the ten pound tank (2) showed ten pounds at 60° F. All
stops wer closed, pump and connection removed, and plugs re-
placed. The stops to the photometer were opened and the

gas from tank (2) turned on. The line was purged for ten
minutes as before, aﬁd ten, half minute readings taken of

the candle power of the gas. A sample was taken for
analysie as in the first test of the series.

This operation was repeated for each succeeding pressure
or test in the series. For pressures above thirty pounds,
tank (6) was used, the gas supply being obtained from tanks
(7) - (8) - (9). The stops (10 -=11) Fig. III, etc. were
ugsed for equalizing the pressure betwesn taﬁka if necessary.
The by-pass S. Fig II. was put in to Zelp diatribute the in-
coming gas more evenly.

After each series, all tenks were opened to the
atmosphere through the header and cock (M), (Fig. II), whence
the zas escaped into the open through the hose (V). Before
beginning a next series, the entire system was purged as in the
first series.

The gages and thermometers used during these tests
were new and accurate.

‘The entire system of tanks was supported on six by
8lx timbers. This clearance géwa ample room to manipulate

stop cocks, etc.



All tests were made as soon after compressing as
possible. That is, as soon as the zas had cooled to 60o F.
As these tests were made during January and February (1309),

no difficulty was experienced in obtaining as low as 60° F.

in the test room.



—— OBSERVATIONS =-

Candle-Power and Analyses of the Gases

Holder 5 lbs. Pressure 10 lbs. Pressure
23.9 Heter -.991 23.8 .991 23 .3 999
23.9 Temp. 69° 23.5 69° 23.5 69°
23,7 Barom.29.85" 24,1 29 .85" 23 .4 29 .8Y4n
24,0 Tabular.972 24.2 972 23.5 971
2%.0 24.0 23.1
24.2 Corrected 23.6 23.1
24.1 ¢c. P. 24,87 23.8 24 .70 23 .4 24 .,c2
4. 0 24.0 23.5
23 .8 25 Candle 23.9 23 .4
_23%.9 Standard 23.8 23.0
23.95 25.00 23.287 24.83 23.32 4.1k
Analysis
| C0p === 3.9% Co, ——- 3.6 3.5
I11ts 11.6% Illte 11.4 11.2
05 1.0% 0, 1.0% 1.0

co 30.3% co 30 .44 30.4



15 lbs. Preassure

22.4 1.000
22.5 69°
22.3 29 .83 "
22.2 .971
22.
22.5
22.5 23.07
22.5
22.0.
22.4
22.40 23%.17

3.3

s (o 1 X

1.0

30.5

30 lbs. Pressure

20.1
20.2
20.3
20.32
20.5
20.8
2054
20.8
20.4

'“%gfﬁl

LT, A

O H H\AN
~NOO0O0

99

70g

29 .&0"
.967

2l.1l

2l.22

20 l1lbs pressure

21.4 1.001

21.5 69 .59
21.3 29.81"
21.5 .970
21.1
21.4
21.5 22.00
21.5
21.2
21.4
21.38 22.12
3.2
11,1
1.0
30.5

35 lbs. Pressure

18 .8 .992
19.6 70°
19.7 29.79"
19.4 967
19 .8
1.2
15.2 20.02
19.0
18.7
18.7
19.21 20.11

3.0
10.9
1.0
30.8

25 1lbe

20.9
20.
20,
20.
20.
20.
20.
20.8

20 .4

gl O s 3

. Prescure

994
70°
29 .81"
967

21 .46

20.
20.2# 21.58

3.1

130

1.0

30.7

40 1be. Pressure

18.5 1.000
18,2 70
18,8 20,97
19.0 .966
1.
18,
18,6 19.27
18 .4
19.0
18.7
18.61 19.38

2.9

10.9

1.0

30.8

/0



I

Series 2
Holder 5 lbse. Pressure 10 1lbs. Pressure
24.2 988 aﬁ.s 979 23.7 1.00C
24.0 650 84.0 669 2k.0 67°
24.5 29.60" 23.8 29 .62" 23.6 26 .63
o4 .3 .973 2.0 971 24.0 .968
24,2 23.9 24 .2
24 .3 23,2 24.2
2Lk .5 25 .28 2k, 25.19 24.0 24.70
24%.5 23.9 2a,s
ai.l 2t*0 2 ;2
& 24.0 24 .0 2% .
2L .26 25.00 23.97 24.91 23.91 24,43
4.2 4.0 3.9
114 11.2 11.0
A4 1.4 1.4
30.4 30.5 30.6
15 lhs. Pressure 20 lbs. Pressure 25 lbe. Pressure
23.2 .996 21.0 .982 20.7 1.000
23.2 67.5° 20.9 680 21.0 65°
23.0 29 .62n 21.3 29.61" 21.2 29.61"
2%.0 967 210 .966 P1.,2 .963
22.9 21.5 21.3
23.1 21.3 21.3
23 .4 23%.90 21.2 22.33 21.00 22.01
22, 21.8 20.7
22.9 21.2 20.9
22.9 =i e 20,7
23.04 23.64 21.29 22.09 21.00 21.77
3.7 3.5 3.3
10.9 10.7 10.6
1.4 1.4 1.4
30.6 30.7 30.8



30 1lbs. Pressure

20,1 984
20.0 69°
20.4 29.61"
20.5 .963
20.5
20.2
20.1 21.28
20.1
19.9
20.0
20.18 21.05

3.2

10.4-

1.4

30.9
45 1bs. Pressure
18.5 992
18.1 70°
18.5 29.61"
18.0 .960
18.0
18 .6
18.1 19.22
18,3
18 .6
18.3
18.30 15.00

=

Ao
O H OW
O 0O

35 lbs. Pressure

18 .8 .983
19.2 69
13.2 29.61n
19.0 .963
1805
19.2
19.0 20.00
19,2
19.0
19.2
19.03 19.78

P

« = OW
-

FN

|Z

40 lbs. Pressure

18.7 .988
18.3 70°
18.2 2g .62
18.0 .960
18'3
18.0
18.6 15.37
12.3
18.3
18¢
18.36 19.16
3.0
10.1
1.4
31.0



Series 3

Holder 5 lbs. Pressure 10 lbs. Preesure
26 .0 1.000 25.5 .988 25.0 1.000
25.6 29 .69" 25.0 68 .50 25.0 708
25 .8 62° 25.2 29.65" ol.g 2g 5"
26.0 .98l 25 .0 .968 24 .7 964
25 .7 25.2 2k .9
25.9 25 .5 24 .8
25.6 26.21 25.3 26.11 2L .& 25.75
25 .6 25.3 24 .7
26.0 25.3% 24.7
25 .6 25 .5 24.7
25.78 25.00 25 .28 24 .91 2 .82 2k .56
L.0 3.9 7.8
12.3 12.2 12.0
1.0 1.0 1.0
31.2 31.2 31.3
15 lbs. Pressure 20 lbs. pressure 25 lbs. Pressure
2% .8 .990 22.5 .995 22.0 .936
2+.3 740 22.7 75° 22 .0 75
4.3 29 .6&n 22 .5 23.67" 2.1 29 .67"
2%.5 .952 23.1 946 22.1 946
2.2 D2 .3 22.2
24,2 a7 22.2
23.5 25 .38 23,0 2i4.13 22.3 23,44
2.3 22.6 22 .0
eL.2 '23.0 22.0
24.0 23.0 22.0
2L,03 24 .21 22.74 23.02 22.09 22.35
3.7 3,5 3.4
11.8 137 11.5
1.0 1.0 1.0
31.3 31.3% 31.2



)y

30 lbs. Pressure 35 lbs. Pressure 4C 1bs. Pressure
21.3 ,992 21.0 1.000 21.1 .991
21.8 740 20.8 72° 20.8 71.5°
21.8 29.67" 20 9 29.68"  20.6 29.68"
21.8 953 21.4 .958 20.5 .960
21.8 21.1 20.3
21.8 21.0 20.0
21,7 22,86 21.2 22.00 20.6 21.60
21.6 21.4 20,7
21.3 21.0 20.6
21, 21.0 20.2
21.62 21.81 21.08 20.98 20 .54 20.60

3.2 s | 3.0

11.4 11.3 11.2

L0 1.0 1.0

31,1 1.1 5 W

45 1bs. Pressure

21.4 1.014
21.0 76°
21.0 29 .69"
71,2 964
21,2

20,8& :
20.9 21.58
kv

21.00

21.0

21.06 20.58

Wl
e
e lle N\Ville)



Series 4
Holder 5 Lbs. Pressure
25.3 .992 23.9 1,000
2.7 29 .60" 23.9 75°
23.0 69° 24 .3 2G 41n
24 .9 .963 e4.3 940
24,9 24 .3
24,9 24 .5
2.6 26.00 2L .5 25 .81
2L.7 24.5
oY . 7 2k .2
24 .5. 24,2
24 .82 -, ' - 25,00 24,26 24.82
3.8 3.8
12.0 12.0
0.4, o.4
30.4 30.3%
15 Lbs, ‘Presgure 20 lbs. Pressure
23 .4 1,000 22.3 1.000
23.5 76° 22 .4 75°
23.3 29 4w 21.5 29 .3&"
23%.3 938 22.3 940
23.3 e2 .4
23.1 22.0
23.0 24 .84 22.3 23 .54
23.5 22.0
23.5 22.0
23.1 22.0
23.30 23 .89 22.12 22 .64
3.7 37
112 E s 94 |
o.4 0.4
30.6 30.7

15

10 Lbs. Pressure

2k.2 1,004
24,1 762"
2i .1 29 41
24.0 .9%8
2k .5 |
24,1
24,1 25.59
23.6
2L.2
24 .2
TR 2L .61
3.8
1V
0.4
30.5
25 lbs. Presaure
B2 .1 .996
21.6 VB
e2.1 29 .38"
21.9 939
22.0
=
21.6 °3.22
22.0
21:3%
21.lL
21.72 22.33%
3.5
11.1
0.4%
30.4



30 1lb. Pressure

20.8 994
20.7 T7°
21.2 29 .36"
21.2 «933
211
21.0
20.8
20.9 22.58
21.0
20.9
20.9 21.72
. 3.2
11.0
0.5

30.9

"



Holder
24.0 1.000
2u.7 69.30
2%.7 29 44
2+.5 +955
24,6
24.3
24.3 25 .61
2&.5
24.5
24 .
2E.E€ 25.00
3.4
12.0
0.9
_39.6
15 1bs. Pressure
22.1 .994
22.6 69°
22.9 29 4L
22.5 958
22.
22.4
22 Il
22.8 23.62
22.6
22.5
22.49 23.08

>3 -

O O N\AH
- - - -
oVWo O

Series 5

5 Lbe. Pressure

2.8 1.000
24,0 69.30
2L 4 29 . Ylo
24.0 955
24.3
2k-.6
24 .5 25.49
24.3
24.0
24 .6
2%.35 24.90

3.4

12.0

099

30.6
20 lbs. pressure
21.7 994
21.4 29, 44"
21.4 69°
21,6 958
-5y
21.6
21.4 22.64
21.4
22.0
21.4
21,56 22,12

2'9

11.8

0.9

30.7

"

10 lbs. Pressure

23.6 .990
23%.8 639°
23.5 29 .44
23.2 .G58
23.0
23.4
23.0 2L .58
23.0
23.5
23.1
23.31 L.01
343
12.0
009
30.6
25 lbe. pressure
1218 1.000
i Wy ¥ 69°
211 29 .44
21.2 .958
21.2
21 .4
21 .4 22.25
21.5
21.8
21.6
21.41 21.74
2.9
11.8
0.9
30.7



|8

30 los. Pressure

20.4 .220 &
20.9 .
21.0 29 .?Lsﬂ
21.0 955
20.0
2033
21.0 c22.09
20.7
20.6
20.8
20.37 21.59
2.9
11.8
009
30.8



Holder
24.0 1.000
24.0 69°
23.9 29 .60"
23.8 963
23.8
23.8
23,8
23.9 24.86
24%.0
2Ry
23.94 25,00
3 el
12.0
0.9
30.9

15 los. pressure

1.4 1,000
22,0 729"
221 29 .56"
22,2 953
22.2
22.3 23.05
22.0
21.8
21.5
21.97 23.18
3.0
11.6
s S
30 ‘s‘

Series 6

5 lbe, pressure

23.5 996
23 .6 69°
23.6 29 .60
23.7 963
23 .4
23.8
2% .7 24,63
23.6
23 .4
2'!
'23.%2 24,78
3.%
12.0
0.9
30.9

20 1bs. pressure

21.2 1.000
21.0 71°
21.1 29 .4gm
21.¢ 954
21.0
21 -0
21.0
21.1 22.10
21.1
21,1
21.08 22.23

3.0
11.6

%

3049

10 lbs., pressure

23 .4 1.000
22.7 72°
22.7 29 .56"
22.7 -953
22.8
23.0
23.0 24.00
2%.0
22.8
22.87 24 .14
3.0
11.6
1.0
30.9



Holder
21.4 1.000
21.6 72°
8142 29.36"
210 47
22,0
22.0 S
21.9 22.65
21.0
21.0
21.4
21.45 25 .00
2.3
1.3
0.7
29 .8

15# pressure

20.6 995
20.0 72.5°
20.5 29 .34n
20.? 915
120 1

20 .2

20,6 21.73
20.6

20.7

201t
20.43 23.99

|
0a 1~

n
VoM

Sexrles 7

5 1lbs. pressure

21.2 993
21.4 72.5
21.0 29 .34r
B2 SU5
21.2 '
211
21.0 22.58
21.4
21.3
21.2
21.20 24 .92
2.3
11.7
09.7
29 .8

20# pressure

20.0 1.000
20 ’6 72'-50
19.9 29 .34~
2.6 945
20.7
20.2
20.3 21.51
20.5
20.5
20.0 _
20.33 23.75

2.3
11.6
0.7
29 .8

20

10 1lbs. pressiure

21.5 997
21.4 72.5°
2l.3 29 . 34»
21.4 U5
2c.7
20,7 _
21.0 22..30
20.
20.
20.8
21.01 24.62
2.3
117
0!7
29.9
25# messure
19 .7 .92&
19.3 72
19. 29.35"
194 9ub
1930
1955
19.8 20.82
19.6
10 .8
12. E
19 .55 22.99
2.2
11.5
5 8 4
30.0



R

304 pressure 354 pressure 4o# pressure
19.5 594 1%.5 986 19.0 1.000
19.3 729 18.2 799 1&.9 710
g.2 25 .36" 19.2 29.35 18.7 29,.37"
19 .4 947 18.5 947 12.8 .550
19,1 18 .4 18.5
197 18.5 19.2
13,1 20,50 1%.5 19 .89 12.8 19 .80
15.2 13.5 18.7
13.9 15.0 18.8
19,2 18.5 18.7
19.26 2P .63 18.58 21.96 18.81 21.85

- % 2.0 2.0

11.5 11.4 11.4

DT 0.7 0.7

31.0 31.1 31.1

L5 pressure

12.5 .9956
14. i
14,6 29 .36"
1%.7 QU7
12.5
12 .4
134 19.73
18.4
18.6
18 .7
18,52 21.78
2.0
114
0.7
31.0



Holder
19.6 1.000
19,4 28, 74"
19, 67.5°
19. ‘937
19.4
19.5
19.3 20.71
192
19.2
l! l. = .
19;&6 25.00
4.9
10.3
1.4
30.7
15# pressure
17 .8 é.oog
17.5 7.5
17.6 28.65"
17-0 -933
17.3
17.0
16.8 18 47
17.0
17.0
17.3
17.23 22.30
4.6
10.1
1.4
30.9

Series &

5# pressure

19.3 1,000
19.3 6%.59
19.6 28.74"
18.7  .937
18.7
19.0
19.3 20.46
19.3
19.3
19.2
19.17 24,70

4.9
10.
1%
30.7
20# pressure
16 .8 .998
16 .4 67.5°
16.0 2g.68n
15.8 934
15.2
16 .4
15.9 17.25
16.1
12.2
10,0
16.08 20.83
4.4
10.0
1.4
30.9

Az

104 pressure

18.6 1.000
18,2 67.5°
18.0 28.65"
18.3 933
18.0
18 .5
18.2 19 .56
18.7
18.0
18.0
T18.25 23.62
L.g
10.2
1.4
30.8
254 pressure
16.1 .990
15 .5 67.5°
15.5 28 .64
15.2 933
15.3
16 41
15.6 17.04
15.7
16.2
16.2

15.74 20.57

W
O
O FoOow



304 pressure 35# pressure
16.6 1.000 15.2 1.000
15.8 67.5° 15.3 67 .5°
'15.3 28 .64 15.5 28 .64
15.8 933 5.6 933
15. 15.4
15. 15.0
16.2 16 .87 15.8 16 .55
15.1 16 .0
16.0 15 .6
15.7 15.0
15.74 20.37 15.44 20.00
4.2 4.1
10.0 9.3
1.4 1,
31.1 31.1
s pressure
15.8 é.oog
15.5 745
14 .5 28 .6Ln
14.6 .933
15.0
15.0
15.4 16.08
4.4
14,5
15.
15.00 19.42
4.0
9.9
1.4
31.1

23

404 pressure

15.2 é.oq%
15. 7.5
15.2 28 .64
15.0 .93%3
15.0
15.6
15 .3 16.36
15.3
15 .0
15 .6
15.26 19.85
4.0
9.9
1.4
31,1



Hclder

22.3% 1.000
gs.2. 125"
22.0 29.23"
22.2 .940
22.0

22.3

21.9 23.50
21.8

288
22.0
22.09 25 .00
4.7
13..2
1.0
30,2
154 pressure
19.4 .930
19.4 73°
19.2 29 .22"
19.3 940
19 .4
19.6
19.0 20.74
19.5
19.0
19.2
19.30 22.06
4.3
10.9
1.0
30.5

Seriess .9

5# pressure

21.8 .987
21.6 73.5°
21.3 29.19"
218 .938
212
21,2
21.5 23.15
21.4
21.6
21.6
21. %% 2L .63
4.6
1.2
1.0
30.3
204 presaure
19.0 .990
13.8 73°
18.7 29 22"
19.0 940
19.0
18.9
19.2 20.32
18 .7
1% .6
1591
18.90 21.62
u.}
10.9
: 1
30 .6

10# pressure

20.6 .990
20.5 3%
20.3 23 .20"
20 .4 .940
20 .4
20.3
20.1 21.90
20 .6
201
20.38 23.30
4.6
11.0
1.0
30.3
25# presaure
18.3 _.930
19.0 73
18 .4 29.22"
18.3 940
19.1
18.2
18.6 20.05
18.7
195.3
18.
18.%6 21.33
4.2
10.9
1,1
30.7

2y



304 pressure

18.3 1.005
17.8 72,89
18.3 29 23"
18.0 940
177
13.1
14.1 19.07
12.0
17.8
12.0
18.01 20.29

4.2

10.7

AT |

30.7
454 pressure
17.5 1.006
170 F2.5%
17.4 2g.24n
16 .9 C41
17.0
16.9
16.9 1%.05
16.9
17.0
1258

17.05 19.20

o)
OHD &
- L ] - -
R e Ye)

354 pressure

17.0 .996
17.3 72.5°
17.3 29 .24
1752 941
16.9
17 .4
1750 18.33
17.0
17.5
17.1
1717 19 .50
4.0
10.6
p T |
30.7

25

40# pressure

17.2 1.000
171 72.5°
17.0 29 .2U4n
171 941
17 .4
17.3
70 18,82 ¢
16 .8
17.5
17.0
17.1% 19.38
4.0
10.6
1s2
' 30.7



Holder
19.9 1,000
20.0 68 .5°
19.8 2g8.59"
19.9 .930
20.0
20.0
20.0 21.40
19.9
19.:7
19.8
19.90 25 .00
5.3
913
2.0
30.0
15# pressure
18.0 992
12.6 68
18.0 28 55"
177 930
12.0
17 .6
17.6 19.35
177
18.0
18.0
17.92 22.43
5.1
10.0
2.0
30.1

Series 10

5# pressure

20.0 1.000
19.9 68 .5°
19.9 28 .597
19.3 .930
19.6
15.5
19.2 1.1
19.7
20.0
19.2
19.63 214,67

5.1
10.2

2.0
30.0

20# pressure

17.0
16 .4
16.6
16.4
12.0
16.7
16 .6
16.0
16.0

|

g

Ono &
nmo oo

.992
68°
28 .56"
930

17.78

20.78

26

10# pressure

19.3
19 .0
18.0
18,7
19.0
18 .7
1&.5
18,5
19.3

(18.5

18.75

1

30.

O Mo
L]
O M

.991
589

28 ,58"
.930

20.35

23.78

254 pressure

Tl el ol e i
« A1\ OOV T\ U

mo . . - . . .
R ~NIJTO0OO0 RO\ B

15.82

O M\O 4=
v oo

988
67.5°
28 .56"

.932

17.18

20.08



30# pressure

15 .8 .98
15.0 67§
15.6 28.56"
13.6 .933
14.9
15.6
15.6 16.8%
15.4
15.4
15 .8
1547 19.68

4'5

9.9

2.0

30.2

454 pressure

15.0 .990
14%.9 67°
14.8 28.56"
15.0 933
15.2
15,1
14.7 16.25
15.0
15.2
15.1
15 .00 19100
4.0
9.8
2.0
30.5

35{+ pressure

15.4 .990
15.1 67°
15.2 28 .56"
15.0 933
15.6
15.1
15.0 16 .51
15.2
15.2
15.6
15.24 19 .28
4.h4
9.9
2.0
30.3

21

LO# pressure

15.3 -985
13.0 67°
14.9 28 556"
14.9 933
15.1
15.0
15.0 16.42
15.0
15.3
15.4
15.09 19.18
4.0
9.8
2.0
30.4



Holder
2k .5 1,009
2.8 774
24.6 29.33
24 .6 933
24 .5
4.2
24 .2 26.24
a2
24 .6
24.6
ol Ig 25 .00
3.4
12.5
0.6
30.0

15# pressure

e3.7 995
e3.3 19
23.4 29 .30"
23.6 .926
23.5
2343
23.3% 25 .45
23.7
23.6
23.1
23 .15 2Lk .25
3.2
12,8
0.6
31.6

Series 11

5# pressure

244 .994
2k.5 17
24.0 29.33"
24 .4 .93%3
24.1
24,2
a1 26.14
24 .3
.2
24,1
2L 23 24.91
3.4
12.4
0.6
30.0

204+ pressure

22.5 1.000
22.2 79°
22 .4 29.30"
22.5 .926
22.7
EE.T
r2.6 2l.38
=4
22.7
28]
P2.57 23.23

2.6

12.0

07

31.4

£1.62

28

10# pressure

oL .0

995
2% .8 79%
23%.9 29 30"
23.6 .926
£3.8
23.5
23.8 25.79
o W
23.9
25' i
23.75 2l .58
30"}
12 .L
0.6
30.6

25# rressure

218 1.000
21,6 214
21.5 29.33"
21.7 .922
21.6

21.8

21,8 c3 U5
21 %

21.4

DY.5.

22.34

W
OO HM
Ui~ 03 0N



30# pressure

21.0 1.900
2133 81
21.2 29,330
21.1 .922
21.5
2l.5
21.6 23.09
21,3
21.1
gl- O'.E
21.29 22.00
2.6
11.6
0!7
30.8

k9



Helder
25.0 1.003
2L.8 577
25.0 29 .90"
2%.7 979
25.0
25.0
£%.9 25.37
24 .7
2k.5
2k.9
24.85 25.00

2

1108

1.0

30.2

154 pressure

23.4 996
2% .2 67°
23.3 9.90"
23.2 979
23.%
e3.3
23.5 2%.00
23 .5
23 .4
23.7
23 .39 23 .65
2.5
11.2
1.0
30.4

Series 12

5% pressure

24 .6 1.070

24.9 67°
2%.5  25.90
25.0 979
25.0
24.9
2k, 9 25.28
2k.7
24 .6
2.5
24,76  24%.92
2.
11.3
1.0
30.3
20# pres:ure
22.5 984
i2.6 67°
22 .4 29.92"
23.1 .80
22 .4
z2.5
22.8 23 .50
23.1
ez .6
22.6
22, 23.16
2.4
112
1.0
30.4

10# pressure

24,0
23.3
2.5
24 .5
24 4
2L,
et.
24.5
24 .5
24 .4

R

1.000
650

29 95"
.986

24.78



30# pressure

22
22,
e
22 .
it
22 s
22,
22.
22,

22,3
22 .58

e 0 0Nl I\~

—
Ul O H\AN

O KM
e & @

N

1.000
65°
29.95*
.986

22 .90

22.57

3
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Series 13

Holder 54 presaure 30# pressure
o5 .4 1.050 25.7 LU0 22.9 1.670
25,1 540 25.0 5&0 22 .8 59%
25 .6 23 .90" 26.1 29 .90" 22.5 29 .90"
25.1 1.002 25 .5 1.002 22.5 .999
26.2 25.0 22 .8
268 25.0 22.5 ,
26.8 25 .58 25.4 25 .47 2.6 22.60
25.5 26.1 22.3%
25.2 25.7 22.6
25.3 25 .2 ce.k
25.58 25.00 25 .47 24.90 £2.59 £2.09
3.0 3.0 2.5
2.1 12,6 11.8
C.8 .8 0.8
o & 30.1 30.3
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Ccneclusions

The results obtained show that there 1s a loss of
from 9.49 to 21.31 per cent of the candle power of the gas when
compressed to 30 lbs. per sq. in. gaze pressure. When
cormrzssed tno 45 1b. per sq. in. the loss ig from 12.88 to
24.07 per cent. Referring to Charts 1 and 2, we note that
the greatest loss ocsurs between 5 and 20 lbs. presaure.
Above 20 1bs. the loss decreases, until betwezn 40 and 45 1bs.
the drop in candle p¢wer.perip0und increased pressure is very
small. Evidently compression may ba carried to 45 or 50 1lbs.
without zreutly increasing the drop in csndle power over thuot
noted at 30 los.

Referring to Table II, Series 7, we note a loss of 9.49%
of the initial candle power when the gas 1s-compresaed to 30
Ibs. When compressed to 45 lus. the additicnal loss is
only 3.39 per cent. The heats were good when this gas wzs
made, the per cent COp is low, and the zas stands compression
well, By "Good heats" 1s meant, proper heat in the gen-
erator to decompose the steam; heat enough in the carburettor
to properly vaporize the oil; and a high and carefully
regulited temperature in the superheater in order to
thorouzhly fix the gases.

Next consider Series 10, Table II. Here we have a gas
wade while the heats were poor. This gas contains consider=-

ahle G0 and loet 21.31 per cent of ites candle power when
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cocmpressed 4o 30 1lbs. When coupressed tc 45 los. the
additional loss is 2.76 per cent., This gas is harsly
guitable for compression for distribution at 30 lbs.
althouzh if distributed at 55 or 6C loe. the total loss
at 60 1hs would be only slightly greater than the loss at
60 1lvs. of the gas in Series 7, Series 7 and Series 10
represzsnt the extremes of obeervotions. All other

tests came within these limits,

Evidently, gas may be compressed to 45 1lbe. for
transmission without wmuch additional loss above that lost
in .ompressing to 30 lbs. There is an additional loss in
candle power (due to transmissicn whicia is not considere
in thie report. Whz2n zae is transmittad, twe fac-or:., low
temper=-ture and aze, must be considered; as well asa the
factor of corprescion. In this eeriea of tests the
minimum temper:ture was 60° F. and czndle rower tests wer:
taken imediately after compreasing the gus.

The effect of transmissicn upon the candle power of
the gas, may be gzreat or little, derending upon conditicne.
Many pracautions must be tzken while makins ohservaticna on
hizh pre-surz distributing systems; th:t is, in svatems
where the gas is reduced to water pressure at the consuuers
house. A ges which testsd 25 candlesuncompressed at the

works might give only half that amount at a point ten ox

twelve miles from the works under unfavorable conditions.
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An unfavorable condition would be one in which there

was frost in the zround and the test flame, a flat flame
burner, w8 surplieu from the dead end of & long latieral

say 2000 ft. of 2 in. pipe, supplying only a few consumers.
Here the factors, low temper=ture and age, must be considered.

With a gas of the average quality and showing 25
candle power befpre compression, we may expect a loss of
ahout 3.50 candles, when the gas 1s compressed to 3C 1lbs.

If the only varying factor is th: quantity of gas oil
used, then- the loss at any othsr initial candle power is
proporiicnal. Upon this theory is based Chart II.

Gom;raasion decreases the percentage of 80, in the gas.
This GO2 probably dissolves in th: vapor condensed. The
decrease is small, however, ranging from 0.2 to 1.0 per cent
as notad in the-analysis, or from &.7 to 23.8 per cent of
the GO2 present in the ‘uncompressed gas, pressure 30 1lbs.

The decrease in illuminants is not at 2l1l) in proportion
to the darop in candle power. Nc relation apparently exists.
The greatest drop in candle power noted was 5.45 at 45 1lbs.
with a loss of only 0.6 per cent in illuminants. A gas
which lost only 2.92 candles when compressed to 45. 1lbs.
dropped 0.3 per cent of illuminants accordins to the anslyrsis.
Compressed gas constlituents seenm to te less active, chem-
ically, than the same constituents in uncémpressed gas. If

we conpare the illuminants with "dust or heavy vépor and say
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that théy gettle out more quickly in the more dense,
compressed gas, causing the gas to "aze" quickly, WQ'might
explain one point, but the high percentage of illumiﬁants
in the compressed gas is still unexplained.

The fact that the 1lluminants present in compressed
gas do not burn with the same intensity as when presejt
in uncompressed gas, should condemn candle power cbaérvations
upon carburetted water gas. Calorific tests would be more
reliabie as a method of comparisoﬁ.

All analyses contained in this report were m&de in a
Morzhead Gas Burette, under exactly the same oonditions
for all tests, so0 that the results obtained would be com-
parable.

The results obtained show almost conclusively that
the ldsa in candlg power due to compression can be reduced
to a minimum by proper manipulation of the blast and steam
in the gas machine. That 1s assuming the coke in the
generator 1s low in sulphur and ash and high in fixed carbon;
and that the checker brick in carburetter and superheater
-are clean. All werations which tend to increase the per-
centage of non-combustible gases in the finished gas should
be avolded. When the percentage of COp, O and N is hizh,
the losa due to compression is greatest, especially if the

p_e:oen‘ﬁage of CO, is high. Sece Charvt ¢-31



37

To obtain the maximum cendle power efficlency from a
high pressure system in.which the gas pressure 1is reduced
to inches water at the consuners housé, the following points,
if observed, would lead to high efficiency if not the
maximum. They are: Gocd fuel in genersator, propsr manip-
ulation of blast and steam in the gas machine so as to
cive lowest possible percantage of non-combustible gases,
especially of CO,; purification at about &5°F. with a
emallest possible amoﬁnt of added oxygen; storage holder
water at a temperature which will not give off wvopor in celd
weather; transmission in pipes well protected from frost; gas
ccnsuried in Buneen vurner or equivalent such as ilncandescent
burner, ete. Rapid rmovement of the gas in {the rains mizht
overcome the so-called ageing effect due to gas remaining
in pipes for s considerable lesungth of time.

Chart 4 shows the comparison of Candle Power and heating
value- of the gas. These curves are the average of over two

thouaandtobaerVatinna? A few results were found to vary as

much as 204 from the curve, but the average is well represented
&Fha original inveastigations for this subject were made

by the undersigned during January and February 1909, The com-

parison of Illuminating Power and Heating Value was made in

Jamuary 1915 and covers observations for a perdod of several

years, )
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REMARKS! - BAROMETRIC PRESSURE |4.5 LBS PER SQ N

WITH A SFT. BURNER ,THE ©AS USED IN THE TIME ofF A TEST (15 MNUTES) wouLD
BE .25 CU.FT. APPRORI™MATELY Coturmmn(C) sHOWS THE voLumE oF EAS NECESSARY FOR
THE TEST BEING MADE, AND FOR ALL SUBSEQUENT TESTS |IN ASERIES

CoLumN (F) SHoWS THE GAGE PRESSURE AT GO" F TO wHICH THE GAS INTHE
CORMNESPONDING TANK WAS COMPRESSED

ColL(H) 1S THE CAPACITYOF THE PIPE ,USING 0.2 CU FT PER LINEAR FOOT AS THE
CAPACITY OF &' WROUGHT |RON PIPE

COL.(1) SHOWS THE CAPACITY OF THE TANK 1N CU. FT. AT 0.7 LBS GAGE,. THESE FIGURLS
WERE FOUND BY THZ FORMULA, VIV i PiP  WHERE VvV AND ¥V, ARE VOLUME ApMND P P
ABSOWLUTE PRESSURES.

1N con()) THE PFIGURES ARE DERIVED BY ADDING THE GAS CONSUMED AND THE
LEAKAGE FOR THE CORRESPONDING PRESSURE,

coL (K) GIVES THE QUANTITY ©F GAS REMAINING INTHE TANK AFTER ATEST AND
AVAILABLE FOR COMPRESSION FORTHE NEXT TEST.

CoL (L) SHOWS THE QUANTITY OF GAS AT o.2¥ PRESSURE wHICH WHEN FoRCED
INTO A TANK ©OF THE SIZE SHOWN, wWikLL GIVE THE DESIRED PRESSURE AT GoO° F.

CoL(M) SHowsSs THE QUANTITY OF GAS REMAINING IN EACH TANK AFTER ATEST
HAS BEEN MADE ANDTHE DESIREP QUANTITY REMOVED FORCOMPRESSION 1NTO

THE NEAT TAMNK,
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T\’C\v\\-‘ic'r QL\H'\P q Gaqe , ThertmomeXe

Requlalor Yor Redueing Pressure.
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