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at any degree of superheat likely to be used, where good 

hydro-carbon oils are used. Gas engines running regular 

work with a cylinder temperature in the neighborhood 

of 2000° F., lubricated with good oil; and with ordinary 

care and attention instance of cutting are not frequent. 

The common use of metallic packing for glands, ang the 

piston valves in place of flat valves, has removed an- 

other serious obstacle, Much of the trouble whichwas 

sttributed to the superheated steam, perhaps might have 

been credited to the alternate passing of superheated 

steam and water through the engine due to not having 

proper control of the superheater. The faults of this 

failure cannot be laid to the engine alone as the super- 

heaters had their failures. Some of the superheaters 

were ecuipped so as to by-pass the steam, but not the 

gases, the boilers were worked with the steam shut off 

from the superheater; and as & result the latter deteri- 

orated rapidly. 

Concurrently with the increased efficiencies gain- 

ed in both boiler and engine, competition has also in- 

creased; and with it has arisen the continual cry for 

cheaper power, cheaper transportation, cheaper means of 

production. The result was that the engineer could not 

afford to dismiss without careful examination the claims 

of any plan, the adaption of which might diminish the 

fuel consumption. It was this fact that brought 

the superheater to the front (abéut 1890). From this 
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The equipment available for conducting this exper- 

iment is a bank of boilers supplying steam at approximate- 

ly ninety pounds per square inch gauge pressure. 

A twenty horsepower return tubular boiler to be 

used as a storage tank for gas. 

A twenty-five horsepower Corliss engine connected 

to a surface condenser, such condenser only used to 

condense the steam at atmospheric pressure. 

Compressor used to compress the gas and air neces- 

sary for combustion. 

Plate No. 1. shows the superheater in section. 

It consists of an outer casing made offive inch steam 

pipe onto one end of which is serewwd a five inch cast- 

iron"T", to the other end a coupling and reducing bushing. 

Into the upper end of the "T" is screwed a reducing bush- 

ing connected directly to the steam line. In the head of 

the "T" is a series of bushings, the first from fi
ve 

to two inches supports a& section of two inch pipe in 

the inside of the superheater about twenty-four inches 

long which prevents the moist steam entering the super- 

heater coming in direct contact with the burning ga
s 

and tending to put it out. Into the outer end of 

this bushing is screwed another bushing and into 
this 

the burner, the tip of which extends about twelve inches 

into the inner pipe in order that the flame will
 be 

located where it will be surrounded with live steam. 

A steam trap is connected in the lower part of th
e "T" to 

keep the superheater as dry as possible and 
to preveng 
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from ever flooding, 4 spa plug 1s screwed into the 

r pipe and extends down into the inner pipe to the 

of gases from the burner 

other end of 

connected the engine, vhich is connected a 

to the"® at the end of the steam from the super- 

In one erd of then T Mefore entering the 

engine is a glass echt hole, placed so that the action 

taking ple ] he superheater may 

thermometer wéll is placed in the steam 

0 that the gegree of superheat may be determined. 

installed. 

the boiler = 

m1 The engine is equipped with a pron 

load and consequently the emount of steam consumed. 

condenser is arranged with tvo pairs of scales and 

tanks for measuring continously the amount of steam 

condensed. 

steam m.in as it enters the heater for $helpurposeécof 

determining the ity of the steam as it enters the 

superheater, and a thermometer 1s inserted in the out- 

for nir » the temperature oir the superheated 

serheater. As only one compressor 
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with water so as to exclude all the air and connected 

to the high pressure end of the compressor. The 

valves to the air storage tank and air inlet on the 

low pressure side are closed, the valve to the gas mein 

is opened. The drain to the boiler is then opened and 

the compressor started. When the water has all been 

drained out of the boiler the drain valve is closed and 

the compressor operated until the boiler is filled with 

at the desired pressure which is about one hundred pounds 

per square inch gauge, The valve between the compressor 

andtboiler is than closed and the gas from the main shut 

off. The air ihlet and the valve to the air storage 

tank are opened and the pump used to compress air. The 

ges is forced from the boiler as needed by means of city 

water pressure, The amount stored is sufficient for a 

short test. The compressor is operated thwoughout the 

tests to supply the necessary air as the storage is very 

small. A water seal is placed between the boiler and 

the burner so that under no condition will it be possible 

for the flame to back fire into the gas storage tank. 

The design of the burner and its construction are 

given in detail in the Thesis by Mr. H. E. Ayres, 

University of Tennessee in 1920. 

DATA AND RESULTS. 

The appepatus was assembled as shown in figure 2 

with the exception that the spark plug was set in & tee 

in the two ineh pipe flush with the outer casing. The 
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sight hole was not installed at this time and the operation 

of the burner was checked by & thermometer. After several 

days of experiment without success the design was chang- 

ed to that shown in figure 2, 

After reassembly, the superheater operated very 

successfully with a superheat of 126° F., contimuous~ = 

1 for about three Bours. Instruments were not at 

hand tocBecure much data as to its effect on the 

operation of the @orliss driven by the superheated steam, 

but several indicator cards were taken at no load and 

about 10 horsepower, The water rate of the engine was 

not determined under the above conditions. 

This experiment was followed up by a long series 

of attempts to operate the superheater and to obtain 

the water rates of the @orliss, when using superheat 

and varying the load. Here we encountered difficulty, 

as the flame would begin to burn at times but after a 

very short operation would go out without any apparent 

ezise. A study of the conditions of the steam as to 

pressure and quality at the time of lighting and going 

out was made and the following data was obtained; 

Operated for three days at & constant quality of 

96 % and steam pressure of 89 pounds gauge and it was 

impossible to get the burner to operate under these 

conditions, If the steam to the superheater was turned 

off and the drain valve opened, thus opening the heater 
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to atmospheric pressure the burner would light. In 

this way the pipe was heated very hot and with the 

burner operating the steam was turned on. In this 

menner it was possible to get it to operate the Corliss 

for about fifteen minutes at no load. The flame then 

went out and could not get it to burn again. Began 

operation with steam pressure varying from 85 to 87 

pounds gauge and quality of 97 %e The burner operated 

with ease under these conditions and operated 
engine 

at no load for about twenty minutes, the load was in=- 

ereagsed to ten horsepower and operated about fift
een 

minutes snd then went out. 

Steam Pressure, Steam Quality. Operation Going On. 

Observations 84 : 97.8 Begén to burn. 

made in series 
of tests ex-~ 85 97.4 Went out. 

tehding over 
several weeks. 85 97.6 Began to burn. 

81 Lige.0 Went out. 

90 97.3 Flashing. 

88 95.,b > Plashing stopped. 

81 98.0 Began to burn. 

83 96.8 Went out. 

86 97.9 Began to burn. 

83 96.8 Flashing. 

80 96.6 ‘ Flashing stopped. 

75 97.8 Began to burn. 

1515] 97.2 Went out, 

82 97.7 Began to burn. 

86 97.3 ent out. 
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The following results were obtained as a comparison 

of the water rate of the engine operating with saturated 

and with superheated steam, 

Length of engine's stroke 1.5 feet, 

Diameter of cylinder 8 inches. 

Diameter of piston rod 1.882 inches. 

Length of brake arm 4 feet, 

Tare on brake 18 pounds, 

Area of oylinder, crank end of engine 47.47 sg. im. 

Ares of cylinder, head end of engine 50.25 sq. in. 

NO LOAD TEST SATURATED STEAM. 

Duration of test 1.5 hours. 

Quality 96.6 %. Steam pressure 85.2 # 

Water consumed 567#. Speed of engine 161 R.P.M. 

Mean Eff. Pres, Crank end 7.54 Head end 3.6%. 

I.H.P, Head end 1.32 H.P, Crank end 2.61 H.P. 

Total I.H.,P. 3.93 H.P, 

Water rate 378 # per hour. 

Water rate per I.H.P. 96.2 # per hour. 

NO LOAD TEST SUPERHEATED STEAM. 

Duration of test 43 minutes. 

Quality 96.8 Steam pressure 63 # 

Ges pressure 93 #. Air pressure 98 # 

Water consumed 117 #. Speed of engine 161 R.P.M. 

Temperature of steam 627°F. Degree of superheat 317° 

Mean Eff. Pres. Crank end 9 #. Head end b.6#. 

I.H.P. Crank end 3.13 H.P. Head end 2.06 H.P. 
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Total I.H.P. 5.19 H. P. 

Water Rate 163 # per hour. 

Water rate per I.H.P. 31.4 pounds per hour, 

LOAD TEST SATURATED STEAM, 

Duration of test 1 hour. 

Quality 96.7 %. Steam pressure 77.7 #. 

Water consumed 596 #. Brake load 82 if. 

Engine speed 154 R.,P.M. B.H.P, 9.63 H.P. 

Mesn Eff. Pres. Crank end 20.4#. Head end 16.9 # 

I.H.P, Grank end 6.79 H.P, Head end 5.94 H.P. 

Total I.H.P. 12.73 H.P. 

Water rate per hour 596 #e 

Water rate per I.HiP. 46.8 # per hour. 

Water rate per B.H.P., 61.9 # per hour. 

L@AD TEST SUPERHEATED STEAM. 

Duration of test 10 minutes. 

Quality 97.4 %. Steam Bressure 83,5 #. 

Water consumed 78 #. Brake load 82f#. 

Engine speed 1564 R,P.M. B.H.P. 9,63 H.P, 

Air pressure 104 #. Gas pressure 97 i. 

Temperature of steam 510 ° Fo 

Degree of superheat 184°. 

Mean EFf. Pres. Crank end 204 #.°. Head end 17.5 # 

I.H.P. Crank end 6.82 H.P. Head end 6.15 
H.P. 

Total I.H.P. 12.97 H.P. 

water rate 468 # per hour. 
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Water rate per I.H.P., 36.) # per hour. 

Water rate per B.H.P. 48.6 # per hour. 

Plate No. # shows indicator cards taken from the 

engine at no load and &t about 10 horsepower with both 

saturated and superheated steam. 

Plate No. 4 : =: Theta Phi Diagrem, showing the 

relation between saturated superheated steam at no load. 

Saturated steam dotted lines, superheated steam solid lines, 

CONCLUSION. 

This experiment has shown that under proper con- 

ditions gas may be burnt in direct contact with steam, 

gsuperheating the steam and the products of combustion 

combining with the steam which passes out through the 

engine cylinder, The conditions under which the super- 

heater will operate are hard to determine, the quality 

of the steam entering the superheater seems 0 nave 

a very merked effect for as the quality decreases the 

increased moisture in the steam seems to quench the 

flame in the pipe. The superheater seems to operate 

better when the pressure of the steam is low and 

thus the pressure difference between the steam and 

the gaseous mixture to be burnt is greater, The great 

velocity in the superheater when the engine is operate 

ing especially under load has a tendency to draw the 

flame out. The steam mixes with the gases they have 

had time to ignite. This type of superheater may be 
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developed into a commerical success, but not till a 

great smount of research work has been carried on, 

so that the conditions of operation can be controlied 

and their relation to operation understood. 
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