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The Design of an Oil=burning 

Superheater 

Superheated steam is steam at any pressure having a few 

PETRIE re ae ota Lon from water at that pressure. The 

use of superheated steam is practiced in the largest and most ec- 

onomical plants in the world, showing that its use results in ul- 

timate plant economy. No general rule can be laid down as the ex- 

tent of saving made because of the great number of variable fac- 

tors entering into the problem. Each installation must be con~ 

sidered by itself taking into account all of the items which af- 

fect the economy of the installation under consideration. 

In connection with power plant work, the salient advantages 

of superheated steam are: 

(1) At high temperatures it behaves like a gas and is 

in a more stable condition than when in the saturated form. Heat 

may be extracted without producing liquefaction, whereas, if heat 

is drawn from saturated steam condensation results. The most 

cases superheat is only carried so far as to reduce initial con- 

densation, although it may be carried high enough to give dry 

steam at exhaust, This is the condition for maximum efficiency . 

(2) A moderate amount of superheat produces a large in- 

crease in volume, the pressure remaining constant. This dimin- 

ishes the weight of steam per stroke for a given amount of work, 

(3) Superheated steam has a much lower thermal conductiv- 



ity than saturated steam, and therefore less heat is absorbed per 

unit of time by the cylinder walls, The water rate of a turbine 

or engine is decreased by superheating the steam. In practice 

the gain in heat economy due toc superheat is more pronounced in 

the piston engine than in the steam turbine. The principal advan- 

tage to the use of superheat in turbine operation is that it re- 

duces erosion of the blades by lowering skin friction and windage. 

The first experiments with superheated steam were made dur- 

ing the first part of the Nineteenth Century. The first patents 

for superheating apparatus were those of Becker in 1837. The real 

introduction of superheated steam was brought about by Herm in 1855, 

The present type of superheater is built of cold-drawn seam- 

less steel tubes bent in a V-shape and expanded into two wrought 

steel manifolds, The life of such a superheater is only two to three 

years, 

Superheaters fall into two general classes, (1) those inde- 

pendently fired and (2) those placed in the boilersetting. The ine 

dependently fired superheater has almost disappeared due to its many 

disadvantages and the extra fuel necessary to operate it. 

The requirements of a successful superheater are: 

(1) Security of operation or minimum danger of overheating. 

(2) Economical use of heat applied. 

(3) Provision for free expansion. 

(4) So arranged that it can be cut out without interfering 

with the operation of the plant. 

The object of this experiment is two-fold: 

(1) To devise a means of burning oil in direct contact 

with steam under pressure, thus utilizing all of the heat. 

(3) To prove that a superfieater of this type can be made a 



commercial success for use in house-heating and superheating ex- 

haust steam for use in laundries. 

The apparatus necessary for the conduct of this experiment 

includes a drum or container through which the steam to be super- 

heated is passed from the steam main to the point where it is to 

be utilized. The problem is to inject a combustible mixture of air 

and finely divided oil under a pressure somewhat greater than that 

of the steam, and burn this mixture, the products of combustion 

mixing with the steam and going through the engine. The entire 

amount of the heat generated goes to evaporating the moisture in 

the steam and to heating the steam above saturation temperature at 

the pressure in the drum. It is necessary that the fuel and air be 

correctly proportioned and thoroughly mixed in order to insure econ- 

omy of fuel and to prevent unburned gas going out at the exhaust. 

The mixture must be supplied uniformly and continuously and when so 

supplied should burn continuously and without further ignition after 

being once lighted by means of a spark plug. 

In previous experiments dealing with this problem** the 

principal difficulty seems to have been the extinguishing of the 

flame, by steam coming in contact with it and the tendency for the 

steam to draw the flame out and thus to extinguish it. The second 

difficulty was obviously caused by faults of construction and could 

be eliminated by suiting the sizes and shapes of the various parts 

to the capacity desired, If the burned gasses themselves have a 

velocity greater than that of the steam through the drum then there 

can be no tendency for the steam to draw the flame out. The first 

*% See Thesis by A. O. Kraehenbuehl, 1921 and H. E. Ayres, 

1920, 



objection can be obviated by burning the mixture in a separate 

combustion chamber from which the steam is completely secluded. 

The mixture enters this combustion chamber from the mixing device 

where it ignites and increases in volume at the same time giving 

up heat, If the combustion chamber is so constructed as to be 

surrounded by the steam to be superheated, none of the heat will 

be lost. The burned gases carry the heat through an opening into 

the steam drum at a velocity depending (1) on the size of the open- 

ing and (3) on the amount of mixture entering the chamber, In the 

steam drum the hot gases mix with the steam and superhest it, The 

amount of superheat is dependent upon the quantity of fuel burned 

since no heat is lost. 

The equipment availeble for conducting this experiment in- 

cludes a twenty-five horse-power Corliss engine which can be con= 

nected through the superheater to mains supplying steam at a pres- 

sure of sixty-five pounds per square inch. An air pump supplies 

alr at a maximum pressure of twenty-five pounds. Since the air 

pressure must be greater than the steam pressure thie limite the 

pressure in the stean drum to about twelve pounds. 

~ I% is necessary that the oil pressure be greater than the 

air pressure by a constant amount. This condition was secured by 

placing the oil tank at a considerable elevation above the burner 

thus giving a static head on the oil. The air line was connected 

to the top of the oil tank. This gave an oil pressure at the bur- 

ner equal to the air pressure plus the static head which in this 

experiment was about thirty feet. 

The layout of the apparatus is shown in plate (1). The 

steam drum consists of a length of five inch pipe being provided at 

one end with a tee. The side opening of the tee is connected 



through a valve to the steam main. The combustion chamber and 

burner are connected toc the tee by means of suitable bushings. A 

length of pipe projects into the drum against which the entering 

steam strikes. This pipe guides the hot gases and prolongs the 

time when they will mix with the steam thus insuring complete burn-— 

ing. The combustion chamber itself is a 1% tee, The side opening 

is adapted for a spark plug and the end opening is provided with 

bushings to fit the burner or mixer. The burner itself is designed 

to mix the gas and air by allowing the air to come into the ges at 

an angle from all sides causing great turbulence in the i" passage- 

way. The principal objection found with this burner was the fact 

that when the misture entered the combustion chamber from the burn- 

er at a high velocity a turbulence was set up in the chamber which 

seemed to extinguish the flame. To overcome this difficulty a dif- 

fuser was used. This was a perforated disc of sheet iron which «- 

caused the small stream of gases and air to spread out over the en- 

tire cross section upon entering the combustion chamber, This had 

the effect of encouraging stream-line flow and reduced the eddy cur- 

rents in the chamber, 

A continuous spark could be set up at will in the chamber by 

means of the spark plug and an induction coil, as shown in figure 2, 

It was found that in order to secure a proper regulation of 

the mixture it was necessary to completely vaporize the oil before 

passing it through the fuel valwe. In all of the tests made with 

this apparatus the mixture was controlled by opening the air valve 

wide and then adjusting the fuel valve to give the proper mixture 

as determined by the color of the flame. The fuel was vaporized 

in a brass pre-heating coil by means of a blow-torch. The color 

of the flame was observed—through a small peep hole drilled near 



the spark plug. The flame was also observed in the drumdtself 

through a small glass window in the side of the drum. The steam 

drum was provided with a pressure gage and a thermometer well in 

which the temperature of the superheated steam was found. 

Cbservations were made under three sets of conditions, (1) 

Atmospheric pressure in the drum, (2) Pressure in the drum of 12 

pounds due to alr and products of combustion, no steam being ad- 

mitted and (3) Pressure in the drum of 12 pounds and steam being 

supplied to the Corliss engine at this pressure through the super- 

heater, 

There was no apparent difference in the results of case (2) 

and (3), showing that with the form of apparatus used thet the flame 

was independent of the condition of the atmosphere in the super- 

heater. In former experiments the quality of the steam affected 

the flame, but this did not affect conditions in this case except 

that the greater the moisture in the steam, the less the superheat 

obtained due to the absorption of heat when the water was vaporized, 

As to the difference in operation between case (1) and (23) 

or (1) and (3) it can be said that the flame actually seemed to 

burn better when under pressure.: This was true as long as the prop-— 

er conditions obtained as to difference in air and superheater 

pressure and proper mixture being delivered to the combustion 

chamber. But it was found that it was more difficult to control 

the conditions of pressure and mixture when there was pressure in 

the superheater. The reason for this was that a change in the 

pressure in the superheater changed the quantities of air and fuel 

supplied to the combustion chamber and an adjustment which gave 

the right mixture at one pressure gave too rich or too lean a 

misture at another. As long-as-the proper conditions prevailed 
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the burner gave perfect sattelaciion when operating under pressure. 

The combustion chamber became very hot. In a commercial design the 

combustion chamber would be surrounded by the incoming steam, also 

the fuel vaporizing device would secure its heat from the combus=i 

tionchamber, thus eliminating an independent source of heat. 

The flame would often go out while burning either under 

atmospheric or greater pressure, When the spark was kept con- 

tinuously going this gave little trouble for it would ignite again 

immediately. There was a certain mixture which gave steady contin- 

uous burning. Hkeaner mixtures while they produced as hot a flame 

tended to pop off and on to an objectionable degree, A piece of 

carbon was placed in the combustion chamber, This became red hot 

and seemed to ignite the flame when it went out even when the spark 

was not operating, 

In preparing to operate the superheater the steam was first 

turned on and the condensate allowed to drain from the mains. The 

Corliss was started and run for a few minutes. Then the valve was 

closed and the condensate was siphoned out of the superheater by 

means of a rubber tube. The preheating coil was heated up by a 

blow-torch whi ch was kept operating continuously. When the fuel 

wes vaporized the air and fuel valves were opened and the mixture 

was ignited through the spark plug opening. It was allowed to 

burn this way until hot enough to operate satisfactorily. Then the 

steam velve was opened enough to give sufficient steam to run the 

Corliss keeping a pressure of about 12 pounds in the drum. The 

flame could be observed through the glass window or through the 

1/16" peephole in the combustion chamber which was stopped up with 

& wire when not in use. When operating in this way the flame burned 

satisfactorily. Lh 



The temperatures and prefsures were taken while operating 

under the above conditions with the results shown in the follow- 

ing table. 

:Qbser- :Quality:Pressure Pressure iTemperature:Degrees: 
svation tof en=:2 in 3 of 3 in 3 of H 
: stering :Super- ¢ Air sSuper- {Super- 
3 ssteam theater sheater sheat, 
i | Tr 98 rT 15 : 81 TT 
2B : 98 $13 713 2 268 gE 25 $ 
3 s 98 : 12 Tah 3 265 $20 2 
HE. 3 S98 3-319 3.13 $: 278 : 21 $ 

: The conclusions to be drawn from this experiment are that 

with a certain amount of resedrch work an oil-burning superheater 

can be designed to work dependably and efficiently. The problems 

to surmount in developing such a superheater are numerous. Its 

application for supplying steam to engines will have to be in the 

non-condensing field, as in the field requiring a low vacuum on 

account of the combustion products in the steam. There is a poss- 

ibility that the introduction of these gases would increase the 

thermal efficienty. Experiments have shown that the introduction 

of air into steam has this effect. While there are numerous dif- 

ficulties to surmount in developing this idea, it seems to the 

writer that the Deisel engine was a much more difficult problem 

than the one under consideration. In view of the remarkable suc- 

cess of that idea, the oil-burning superheater has the prospect 

of becoming a standard piece of heating plant apparatus. 
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