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The object of this experiMlent was to investigate the 

adaptability of the surface conibustion method of burning fuels 

for application to industry; to find the efficiency rating for 

this type of combustion; and to find the capacity of furnaces 

using surface combustion burners. 
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SD11MARY OF RESULTS ÂIJD CONCLUSIONS 

Flameless combustion as a term is a misnomer. The combustion 

which is accompanied by flame is not combustion at all; it is simply 

a state which is attempting to arrive at a condition of combustion. 

The luminosity of a flame is due to the incandescence of free 

carbon, which has been broken down by heat from a hydro-carbon 

gas and which maintains its luminous condition for that very short, 

but indefinite time preceding its union with oxygen and formation 

of carbon dioxide. The technically correct name for this process 

of burning by catalyst, would or should be immediate combustion. 

In order to carry out such a plan of rapid combustion as 

that required for surface combustion, more accurate means must be 

employed for mixing of the fuel and the air. To accomplish this a 

catalyst is used. Generally speaking, a short flame indicates a 

more rapid combustion and a more perfect one. The shorter the 

flame the more complete the oombustion. The limit then, one would 

naturally conclude that in instantaneous combustion the flame would 

be of zero length. This is exactly what happens in burning of a 

fuel by surface combustion methods. 

In the tests run, the efficiencies of gas fired furnaces 

ranged from 80 to 94 per cent, and there is every reason to believe 

that efficiencies of 97 or 98 per cent could be obtained by careful 

adjustment of the air fuel ratio. Commercial apparatus in operation 
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at the present time are running at a much greater efficiency than 

that of the common method of burning. All commercial applications 

aro using refractory bed or tunnel methods of firing; the author 

thinks that it is possible if a method be used similar to that used 

in these experiments, higher efficiencies would result. 

For localities where gas is relatively cheap the use of gas 

fired furnaces would be quite common, but in localities where gas 

is costly the gas fired furnaces aro not used very much because of 

the low efficiency of burning. By the use of surface combustion 

it is very possible for all localities to use gas because of its 

low operating cost by surface combustion methods. 

When using an oil fired furnace it is possible to attain 

much higher temperature than that of gas fired furnaces and still 

maintain the effiojncies of the highest order. The efficiencies 

of oil burning by surface combustion methods, as found by the tests 

of this experiment, were from 85 to 93 per cent. And, as stated in 

the gas fired furnaces, there is every reason to believe that effi- 

cienoles of 97 or 98 per cent could be obtained. To the author's 

knowledge there is no oil fired surface combustion furnace in corn-. 

merciai operation. However, as 800fl as a bettor means of atomi za- 

tion or vaporization is accomplished there w111 be iny in operation. 

For better atomization or vaporization it would mean moro intimately 

mixing the vapor of the oil and the air to form a more homogeneous 

mixture. The use of oil for a fuel, when burning in furnaces, is 
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more economical and much cheaper than any other fuel. The unit 

cost of fuel oil is very low and by using a very efficient means 

of burning, the problem of the cost of heating would be solved. 

The oil furnace was as easily handled as that of any coimnercial 

furnace, requiring no trained technical operator to keep it in 

running order, and adapting itself to autot features very 

readily. 

Mixing of the gas and the air in correct proportions by 

means of inspirators and then piping the mixture into the burner 

of a furnace would be a very efficient way of burning, and it is 

being done commercially at the present time. In the same sense, 

oil may be atomized or vaporized in a separate apparatus and then 

mixed with the correct air-fuel ratio for efficient burning. Burn- 

ing by this means would approach perfect combustion. 

of the results obtained in these tests, the fact that oil 

could be de to burn efficiently and economically under conditions 

suitable for use in a surface combustion furnace was the most 

important. 

The results obtained from operating the furnace as a gas 

producer proved very interesting and important. Steam atomization 

could be very advantageously used with the gas producer to provide 

additional source for hydrogen in the resulting oil gas. If this 

addition of steam for both atomizing the fuel and adding water gas, 

cooled the refractory too imioh, a set of nozzles could be installed 
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for the furnace with only part of them provided with steam for 

atomi zatiou. 

Surface combustion ny be U8ed to great admntage in 

conmLercial installations by installing a group of burners similar 

to the ones used in this experiment, and have them located inside 

of one large furnace. In a set-up of this kind, the burners 

would be located radially around the outside of the furnace, using 

a consnon refractory in the center of the furnace. 

It can be predicted that in the future, when fuel becomes 

higher in cost, that surface combustion will be developed for 

further oonmercial work. The scope of the future of flameless 

combustion is almost unlimited; with the use of efficient oil 

burners the development will be very rapid and its use universal. 
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Suimnary of Conclusions 

1. The need of a more efficient method of burning fuel in 

domestic and industrial furnaces. 

2. It is possible to burn five to twenty times the amount 

of fuel in the saine combustion space as commonly used 

when burning with flame, by applying surface combustion 

methods to the same furnace. 

3. Excess air increases stack temperatures, lowers furnace 

temperatures, lowers burning efficiency, and lowers the 

amount of combustion space required. 

4. Surface combustion methods may be applied to continuous 

gas producing by using oil as a fuel. 

5. Steam atomization and mechanical atomization are appli- 

cable to surface combustion. 

6. The use of a carbon treated steel tubing would eliminate 

the problem of carbon depositing in the vaporizing coil. 

'T. A careful study of the desiga mast be made to find ou 

if it is possible to remove the noise of surface 

combustion. 

8. Air-fuel ratio is the governing factor for efficient 

combustion. 

9. The use of an automatic draft control would increase 

the efficiency of surface combustion furnaces. 

lo. No matter what may be the validity of the surface 



combustion theories, the phenomenon still exists, 

and with proper development it can be used in 

industry. 

11. Extremely high burning temperatures are obtained by 

using surface combustion methods of burning, either 

gas or oil. 

12. Exoellent heat transmission is accomplished by use 

of the high temperatures and increased speed of 

combustion. 

13. The speed of reaching the high furnace temperatures 

is almost instantaneous. 



flTRODUCflON 

The method of combustion known as "Surface Combustion", 

embodies ny unusual features all leading to in,roved efficiency 

and greater econow, and, when properly adapted to suitably de- 

signed equipint, n.kes possible improvements in furnace operation 

and furnace results that gives unusual advantages to furnaces 

using this type of firing. 

Fundamentally, "Surface Combustionu consists in burning a 

homogeneous mixture of air and gas or air and oil vapor in quanti- 

tive proportions, for completo combustion of the fuel in a 

restricted and localized zone so designed that a condition of 

incandescence is maintained. These conditions cause tremendous 

acceleration of the rato of combustion and produce a source of 

heat, which is practically without flame, yet comes very close to 

king available the total energy of the gas. 

The efficiency of the average boiler using common flame 

combustion today does not exceed 65 to 70 per cent. In large in- 

stallations with me.ny auxiliary apparatus the efficiency is 

sometimes raised to 80 per cent as a nximum. In the smaller 

installations the expenditure does not warrant the installation 

of this kind of apparatus. 

By using "Surface Combustion the efficiency is raised to 

unbelievable levels due to such complete and perfect combustion. 
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HISTORY OF DEVELOP1ENT: 

During his researches upon flame, Sir Humphrey DaYy dis- 

covered, in 1817, that the ooustitueuts of a oombustible mixture 

will combine slowly below the ignitiou temperature; this led him 

to experiniezit whether, in 'new of the fact that the temperatures 

of' flames far exceed those at which solids become incandescent, a 

metallic wire can be maintained at inoandesoenoe by the combina- 

tian of gases at its surface, without actual flame. He thereupon 

tried the effect of introducing a warm platinum wire into a jar 

containing a mixture of coal gas and. air rendered non-explosive 

by an excess of the combustible constituents; the wire imnediately 

beca red hot, and continued so until the whole of the oxygen had 

disappeared. 

During the twenty years which followed Davy's discovery, 

several distinguished chemists (William Henry and Thomas Graham 

of England), but more particularly Dulong, Thenard., and Dbereiner, 

experinted upon the slow combination of gases at temperatures 

below the iition point, in contact with hot solids. 

The nchanism of this induced slow surface combustion tormed 

the subject of a celebrated controversy between Faraday and 

De la Rive in 1834-1835. De la Rive held the view that it consists 

essentially in a series of rapidly alternating oxidations and re- 

duotion of the surface; Faraday, on the other hand, contended that 

the function of the surface is to condense both the oxygen and the 



-9- 

conthustible gas, thus producing in the surface layers a conditiort 

comparable to that of high pressure. But, owing to laok of 

oruoial experinents, rio satisfactory theory of the phenomenon could 

be evolved, nor, with the exoeption of the well kno'wn «Dbereiner 

Lanp," was there any practical outcome of this early work. In 1836 

interest in the subject suddenly dropped, and was not revived for 

half a century. 

Meanwhile, the researches of Deville upon the dissociation 

of steam and carbon-dioxide at high temperatures, led to the notion 

which was strongly upheld by the late Frederick Siemens, that mas- 

much as the incandescent surfaces promote dissociation, they niist 

necessarily hinder combustion. This, of course, is fallacious; we 

now recognize that if, as Deville proved, an incandescent surface 

accelerates the dissociation of steam, it nst, according to a 

principle enunciated by Ostwald, of necessity accelerate the com- 

bustion of oxygen and hydrogen in like degree, provided always 

that the surface remains chemically unaltered. 

A notable demonstration of the possibility of realizing 

flameless incandescent surface combustion in contact with metals 

other than those of the platinum group, was given by Thomas 

Fletcher in a lecture which was given at the Manchester Technical 

School as far back as 1887. 11e injected a mixture of gas and air 

on to a large ball of iron wire, flame being used at first in order 

to heat the wire to the teerature necessary to induce a continuous 
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surface combustion; on extinguishing the flame. by momentarily 

stopping the gaseous mixture, the combustion continued without any 

flame• but with an enormous increase of temperature. Fletcher then 

grasped three important points, namely: "That this invisible 

flameless combustion is only possible under certain conditions; 

"that, the combustible mixture shall come into absolute contact 

with a substance at high temperature; and• 'that, in the absence 

of a solid substance at a high temperature. it is impossible to 

cause combustion without flame." His work was continued no farther 

either in its theoretical aspects or practical applications, and 

his work had but little influence upon contemporary opinion of 

practice. 

Sometime prior to the work or Bone in 1902, Lucke employed 

granular refractory material to assist in combustion when using 

similar air-gas mixtures. He adopted the term of ~surface combus

tion," but it was in a little different sense from that of the 

English workers of the same time. 

Bone started his investigation in 1902, and as a reward for 

this systematic research he is often called the father of surface 

combustion. He made a systematic study of the factors operative in 

the slow combination of hydrogen and of carbon monoxide in contact 

with various hot surfaces (e.g., porcelain, fireclay, magnesia, 

platinum, gold• silver, copper and nickel oxides, etc.} Be did not 

enter into the details of the earlier experiments because they had 
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at that tine been sufficiently proven. Of the knawn details the 

following renin the most importante that the power of accelerating 

gaseous combustion is possessed by al]. surfaces at teneratures be- 

law the ignition point in varying degrees, dependent upon their 

chemical characters and physical texture; that such an accelerated 

surface combustion is dependent upon an absorption of the oous- 

tibio gas, and probably also of the oxygen, by the surface, whereby 

it beoones "activated" and most probably ionized by the association 

with the surface; and, that the surface itself becomes electrically 

charged during the process. Finally, certain important differences 

between homogeneous combustion in ordinary flames and heterogeneous 

combustion in contact with a hot surface from a chemical point of 

.ew were established, so that there can be no longer any doubt as 

to the reality of the phenomenon. 

The fact that such catalytic combustion depends upon intin.te 

association of the surface with the combining gases is beautifully 

illustrated by two photomicrograplis of the surface of a silver 

gauze taken before and after a long series of experiments in which 

it was employed as the eatalysing medium for the combination of 

hydrogen and oxygen at 848 dog. fahr. Photomiorographa of silver 

gauze on the following page shaws the original smooth condition of 

the surface, and fig. i shows the "frosted" effect produced by 

the deep "pitting" actión of the reacting gases during their 

absorption and activation by the surface. 
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Photomiczographs of Silver Gauze before and after Surface 
Combustion Experiment. 

Figuro No. i 
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Bone's next contention was that if hot surfaces OS8O5S the 

power of accelerating gaseous coithustion at temperatures below, or 

in the neighborhood of, the iition point, the same power iat 

also be manifested in even a greater degree at higher temperatures, 

and especially so when the surface itself beoons incandescent. 
There are experimental grounds for the belief that not only does 

the accelerating influence of the surface rapidly increase with 

the temperature, but also that the differences between the esta- 

lysing powers of various surfaces, which at low temperatures are 

often considerable, diminish with ascending temperatures until at 

bright incandescence they practically disappear. 

R. J. Strutt, a colleague of W. A. Bone, performed an 

experiment which shows how a flame may be extinguished by the 

introduction of an active catalysing surface. A bulb filled with 

rarefied nitrogen, at a pressure of about 1/10 ma. is used; and in. 

the side tube lies an oxidized copper wire, which fits it as 

closely as is consistent with easy sliding. If the nitrogen in the 

bulb be subjected to a powerful eleetrodless discharge, it is trans- 

formed into an active condition; the gas continues to glow 

brilliantly, owing to the fact that thè active modification is re- 
verting to the ordinary kind, producing a luminosity which may be 

regarded as a condition analogous with flame. The glow will last 

for a minute or more during the progress of the chemical reversion, 

and finally dies out when the latter is completed. 
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But if, on repeating the experiment, the bulb be tilted so 

that the oxidized copper wire drops into the glowing gas, the 

luminosity is instantly extinguished. This shows that the re- 

version process is so enormously accelerated by the surfaoe that 

practically the whole of the chemical action is concentrated at the 

surface, and instantaneously completed there, thus extinguishing 

the glow. 

This experiment is very important and as expressed by 

W. A. Bone, "I think we have, in professor Strutt's experiment, a 

close analor to what I conceive as occurring when an incandescent 

surface is employed to accelerate ordinary gaseous combustion; the 

action is so concentrated at the surface that a substantially 

"flameless" effect results. I want to emphasize the fact that the 

incandescent solid plays a specific role in this surface comxbustion; 

it is no mere idle looker-on at the surging crowd of reacting mole- 

cules which swarm around it. On the contrary, it so galvanizes and 

incites the dorment affinities between the combustible gas and 

oxygen, that the stately minuet or ordinary combustion gives place 

to the wild intoxication of the Venusberg.« 

In a discussion which took place at the British Association 

in 1910, Sir J. J. Thomson insisted that combustion was concerned 

not only with atoms and molecules, but also with electrons. It is 

known that incandescent surfaces emit enormous streams of electrons 

traveling with high velocities, and the actions of these surfaces 
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in promoting combustion n.y ultins.tely be found to depend on the 

fact that they bring about the fortion of layera of electrified 

gas in which chemical changes proceed with extraordinarily high 

velocity. 

TUE NEW PROCESSES OF INCANDESCENT &IRFACE COUEUSTION, 

Leaving some of the history and theoretical aspects, the 

processes which have been worked out wider the supervision of Bone 

by Messrs. Wilson and Mathieson with the assistance of OE. D. 

MCCourt come to our attention. L homogeneous explosive mixture of 

gas and air, in the proper proportions for complete combustion is 

caused to burn without flame in contact with a granular incandes- 

cent solid, whereby a large proportion of the potential energy of 

the gas is iediately converted into radiant form. The advantages 

claimed for the new system, now io as the 'Boneoourt" system, 

are: (1) the combustion is greatly accelerated by the incandescent 

surface, and, if so desired, may be concentrated just where the 

heat is required; (2) the combustion is perfect With a minim 

excess of air; (3) the attainment of very high temperatures is 

possible without the aid of elaborate regenerative devices; and 

(4) owing to the large amount of radiant energy developed, trans- 

misSion of heat from the seat of combustion to the objeot to be 

heated is very rapid. The system is economical and easy to control. 

Aiother of Bone and McCourt earliest types of apparatus consisted 



-16- 

essentially of a porous fire-brick diaphragm through which a gas 

and air nixure in the correct ratio for complete combustion was 

forced by a suitable injector or blower. The fire-brick diaphragm 

rapidly atains a bright-red heat and complete combustion is 

effeoted in a very thin layer of the diaphragm (1/4 to 1/8 inch). 

8o of the most striking features of the phenomenon of 

diaphragm wereg (1) The actual combustion is confined within a 

very thin layer i/s to 1/4 inch immediately below the surface. 

(pront is hot while the back is cold and one may lay their hand 

on it); (2) The combustion of the gas, although confined within 

such narrow limits, is perfect, for when once the relative propor- 

tions of gas and air have been properly adjusted, no trace of 

unburnt gas escapes from the surface; (3) The temperature at the 

surface of the diaphragm can be instantly varied at will by merely 

altering the rate of feeding of the gaseous mixture; (4) A plane 

diaphragm such as the fire-brick, and it may be used in any angle 

between the horizontal and the vertical planes; and, (5) The 

diaphragm method is amenable to a variety of combustible gases. 

The incandescence in no way depends upon the erbernal atmosphere. 

When once the diaphragm has become incandescent, and the proportions 

of air and gas supplied n the mixing chamber at the back have been 

properly adjusted, the surface will maintain its incandescence un- 

impaired, even in an atmosphere of carbon dioxide. A diagram of 

the diaphragm, as used by Bone and MoCourt, is shown in figure 2 

page 17. 
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Given a sufficiently cheap high-grado gas there would appear 

to be endless possibilities for diaphragm heating in the industrial 

field. 

phe advantages of such a heater are, the high efficiency in 

the production of effective radiant energy and the possibility of 

fixing the diaphragma in any position. The air and gas must be 

used under pressure, and due to the fact that the diaphragms are be- 

Ing slowly but continuously blocked up by dust and tar, fog in the 

air and gas, this system is thereby less efficient in actual opera- 

tion. 

The second process is applicable to all kinds of gaseous or 

vaporized fuels; it consists essentially in injecting, through a 

suitable orifice at a speed greater than the velocity of back- 

firing, an explosive mixture of gas (or vapor) and air in their 

combining proportions into a bed of' incandescent o-anular refractory 

ïaterial which is disposed around or in proximity to the body to be 

heated. This ay be best explained by the application of it to the 

heating of a crucible or in nffle furnaces. The crucible is sur- 

rounded by a bed of refractory incandescent granular nterial. The 

mixture of gas and air is injected at a high velocity through a 

narrow orifice in the base of the furnace, and as it impinges upon 

the incandescent bed, combustion is instantaneously completed with- 

out flame. The seat of this active surface combustion is in the 

lowest part of the bed; the burnt gases, rising through the upper 
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layers, rapidly impart their heat to the bed, maintaining it in a 

high degree of incandescence. The muffle furnace is operated and 

acts in the same manner as with the crucible. 

It is obvious that this process is capable of adaptation to 

all kinds of furnace operations, as, for example, to the heating 

of crucibles, muffles, retorts, and to annealing and forging 

furnaces generally. 

It is not essential that the bed of refractory material 

should be very deep; neither is it necessary that the bed shall be 

disposed around the vessel or chamber to be heated. By means of 

this process much higher temperatures are attainable with a given 

gas than by the ordinary methods of flame combustion without a 

regenerative system, and, as a matter of fact, we have found that 

with any gas of high calorific intensity the upper practicable 

temperature limit is determined rather by the refractoriness of the 

material composing the chamber to be heated than by the possibili

ties of the actual combustion itself. Mr. Bone in his set-up of 

the apparatus of this sort has melted Seger-cone No. 39, which 

according to the latest determination of the German Reichsanstalt, 

melts at 1880 deg. Cent. (3416 deg. Fe.hr.). 
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SURFACE COMBUSTION AS APPLIED TO STEAM RAISING: 

It is well known that the gas-firing of steam boilers has 

not been very successful from the point of view either of thermal 

efficiency or of rate of evaporation. In this country the gases 

available for steam-raising purposes on a large scale are princi

pally (1) blast-furnace gas, of which there are large surpluses 

available in all iron smelting areas; (2) the surplus gas obtainable 

during the manufacture of coke in by-product ovens; and (3) pro

duoer gas of various compositions, but more particularly that manu

factured under the ammonia recovery conditions. 
~--""' 

It has been estimated by a prominent British blast-fUrnace 

engineer that the thermal efficiency of the best type of water tube 

boiler, fired by blast-furnace gas, does not exceed about 5~, 

while in the case of boilers fired by coke-oven gas the average 

thermal efficiency probably does not mueh exceed 65 to 7Q%. But 

on applying the principle of surface combustion to the gas-firing 

of multitubular boilers, Bone has been able to obtain results with 

eoal gas corresponding to the transmission of nearly 95% of the net 

calorific value of the gas to the water in the boiler. 

The first experiments were made in Leeds, and they were made 

with a single steel tube 3 ft. in length and 3 in. in diameter, 

packed with :fragments of granular refractory material. One end was 

fitted with a fireclay plug with a hole in the end for admittance 

of the mixture of gas and air to enter, the other end' was open. 
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After extensive experimentation with such a tube, it was found 

possible to burn conpietely a ttxture of 100 oubic feet of coal 

gas plus 550 cubic feet of air per hour, and to evaporate about 100 

pounds of water fron and at 100 deg. per hour, the products 

leaving the further end of the tube at 200 deg. . A diagram of 

this tube and the curve of evaporation is shown in figure 3 on the 

preceeding page. 

This seemingly impossible thing meant the transmission to 

the water of 88% of the net heat developed by the combustion, and 

an evaporation per square foot of heating surface nearly twice that 

of an express locomotive boiler. The oombustion of the gas was 

completed within four or five inches of the point where it entered 

the tube; this accounts for the high rise in the curve in the above 

figure. This unit compared extremely favorably with the 50% 

obtained with blast furnace gas and the 65-70 per cent obtained 

with coke-oven gas when the usual gas firing systems are employed. 

It was noted that the effluent gas temperature was only 200 degrees 

Centigrade, and in the latter experiments this heat was utilized in 
heating the feedwater. 

Even better results were obtained with a large boiler erected 

at the Skinnïngrove Iron Works. This boiler, fitted with 110 heatin& 

units of the same size as Bone and MoCourt's original tube, was 

capable of evaporating 5000 pounds of water per hour with ami average 

figure of 14.1 pounds per square foot of heatin& surface per hour, 
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and on a ten-hour run gave the renarkab1e high figure of 92 .7 per 

cent efficiency. 

The engineer 'who superintended these trials was very 

anxious to find out whether, in view of the intensity of the corn- 

bustion and the high rate of heat transmission, the boiler tubes 

after five months continuous running day and night would show any 

signs of deterioration. Consequently, one of the boiler tubes 

selected by him was cut out and subjected to severe mechanical 

tests, siznilar tests being sinx1taneousl7 made with a new and un- 

used boiler tube of same dimensions. The results proved conclu- 

sively that the fi'e months service had not in any way impaired the 

mechanical properties of the boiler tubes, thus causing the pre- 

dictions of several critics to become wrong. 

Sinoe that time when the first boiler was tried out, there 

bas been numerous boilers set into aotion, and all data show them 

to be operating on the same high efficiency as the laboratory sot 

up used by Bone and his co-workers. 

More recent irovements in the "Boneoourt1' boilers includo 

a rigid system of refractory surfaces instead of a paong of gran- 

ular material for dealing with gases liable to contain dust or tar 

fog, and an increase in the size of the heating unit. Experimental 

trials have sho that heating units, up to 6 inches in diameter and 

from 13 to 21 feet lon can be constructed without affecting the 

high. rato of evaporation per square foot of heating surface. A 



-24- 

picture of a «Bonecourt" boiler is sho on the following page. 

THEORIES OR bECRJISM OF SURELCE CO1LBtJSTION 

Prior to the work of flone, Lucke employed granzlar refractory 

nterjal to assist in combustion when using similar air-gas mixtures. 

He adopted the terni "surface conibustion,' but in a different sense 

from that taken by the English workers. A. supply of air-gas mix- 

ture, in such proportions as to support combustion, issuing from an 

orifice at a rate of flow exceeding the speed at which oonibustion 

is propagated through the mixture, Will expand, and the linear 

speed of all parts of the strean will decrease. At so zone sur- 

rounding the orifice, the flow speed will equal that at which con- 

bustioiì is propagated. Lt this zone, Lucke conceived that combustion 

would begin, and that the reaction would be complete within a very 

short distance, hence the term "flame cap" or surfaoe of combustion." 

Owing to difficulties experienced in regulation, steady nintenanoe 

of the fla cap was iossible and use was made of granular refrac- 

tory material as a baffle and container for the surface of combustion. 

Since neither gas nor air is in excess, the vol in which 

the reaction takes place is minimum, and the concentration of energy, 

therefore, is maxinnim. In other words, the highest reaction temper- 

aturo is attained for the fuel being used. The greatest possible 

difference will exist between the temperature of the products of 

combustion and the material which it is desired to heat, in which 

case, the rate of heat transfer will be the greatest. By shortening 
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Front View of Bonecourt Surface Combustion Boiler. 

Back View of Bonecourt Surface Combustion Boiler. 

Figuro No. 4 



the ti of heating, in ny classes of work, nich heat is saved 
which otherwise would be lost through the furnace walls in an 

extended period of firing. 

Because of the faot that combustion takes place with no de- 

lay the heat carried by the products of coibustion will have the 

longest possible time to give up heat before leaving the furnace. 

By way of contrast, attention is called to ordinary nthods of 

firing, in which combustion is not inimediate but takes place with 

the formation of flame , due to the lack of co1ete .xing of the 

air and gas, which usually are permitted to enter the furnace in 

strata, In such a oase the rate of combustion Will depend upon the 

rate at which the air and gas diffuse one into the other, bringing 

within actual range of one another the molecules which aro to 

react. Such a fla2fle may extend the whole distance between the 

burner and the flue. The products of combustion set free in that 

portion of the flame near the flue oanot have as long a period to 

renin within the furnace as those released at the beginning of the 

flame near the burner; therefore, the possibilities for heat trans- 

fer are very ioh reduced. 

With a s.11 reaction zone substituted for the flame 

conznonly used, danger of injury to the work by contact with free 

oxygen, or with raw gas, is eliminated completely. The space re- 

quired for this zone is very ioh less than the space which must 

be provided for the existence of a flame. Thus surface combustion 

permits the use of furnaces which have much less internal area, 
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resulting 121 lower fuel requirements for maintaining the required 

tenporature within a furnace. 

Radiation effects secured by the n.intenanoe of flame within 

a furrmoe are easily surpassed by the radiation effects secured with 

proper application of surface oonfbustion, and with less deteriore.- 

tion of the furnace. Flame radiance is due ohiefly to the moan- 

desoence of carbon particles freed by the early conibustion of hydro- 

gen in the case of hydrocarbons. Under proper conditions, the 

carbon thus freed is oxidized, in turn, within a brief tine. When 

the conditions are unfavorable, however, the carbon is not oonstd 

entirely. This y be due to the lack of proper concentration of 

oxygen, in which case the unoonsuned carbon loses its heat and lun- 

inescence and appears as soot or smoke. This frequently obscures 

the interior of furnaces and prevents effective radiation to the 

work, With coeiiplete combustion, however, and very high linosity, 

much injury to the furnace walls may result. This is probably due 

to the rapidly alternating oxidizing and reducing conditions iosed 

by the reacting gases in contact with the brick conmonly used. When 

firing with a perfect mixture, the difficulties which have been 

mentioned do not limit the production of radiant energy. Coenbustion 

will be complete and nothing can obscure the furnace interior. With 

the proper use of refractory nterial in porous, granular form, it 

is possible to form sources of radiation which are capable of far 

greater intensity than that of any flame which can be produced. 
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Heat transmission by radiation had, in general, not been appreciated 

until the last few years and since then considerable stress has been 

given to it. The immense quantity of heat that is evolved from a 

refractory material at incandescent temperature is utilized in 

surface combustion. 

Many theories have been proposed to explain the reason for 

increased rates of combustion with the aid of a catalytic agent, 

but as yet the scientists disagree on many issues. Some years ago 

Langmuir published his explanation of the phenomenon as the absorp

tion and orientation of gas molecules on the surface. He said, 

"When gas molecules condense on a solid surface in such a way that 

they are held by primary valence forces, involving a rearrangement 

of their electrons, their chemical properties become completely 

modified. It is not surprising, therefore, that in some cases such 

absorbed films should be extremely reactive, while in other cases 

they may be very inert to outside influences. Thus oxygen absorbed 

on platinum reacts readily with hydrogen or carbon monoxide on 

platinum show very little tendency to react with gases brought into 

contact with their surfaces." This selection is true at low temper

atures, but at very high temperatures such as 3000 degrees fahr. 

the accelerating effect is true for any kind of surface. Langmuir 

also concluded that (1) it is only the absorbed oxygen which is 

really activated by the surface, whose function it is to atomize 

the oxygen molecules as they condense upon it; (2) that absorbed 



oarbon monoxIde molecules are not activated at all, but are rendered 

oheinioally inert towards oxygen, and by blanketing the surface as a 

monomolecular film act as a poison towards it; and (3) that carbon 

dioxide is only formed when unabsorbed carbon monoxide molecule 

from the surrounding atmosphere strikes atomized oxygen condensed 

on the surface. 

This theory has many adherents, but there still seems to be 

doubt as to why complete dryness stops the catalytic unïon of 

carbonio oxide and oxygen over gold or silver at temperatures of 

240 degrees fahr. It has been shown that certain metals acquire an 

electric charge when a gas is blown against their surface, This is 

not the case at lower temperatures, but at the hiier temperatures 

delicate experiments prove this to be a fact. At the incandescent 

temperatures, when refractory starts to become a slight conductor, 

there is e.denoe of an electric charge. G. J. Finch and J. C. 

Stinson, both of London, declared that this was the case, and their 

results tended to substantiate the ionization theory. This school 

of thought claims that both the combustible gas and the oxygen 

ionized on the surface of the metal or refractory to activate 

combustion. 

According to the scientist, P. Lenard, the influence of the 

incandescent catalyst is to speed up the reaction several million 

times by the effect of the short-wave light. The ultra-violet 

light that is emitted from such a surface causes greater sensiti- 
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vity to molecular i0 Light of short wave-length impinging up- 

on solids, liquids, or gases sets the atoms or molecules into motion. 

The atoms of a solid are caused to vibrate more rapidly, thus 

evidencing increased temperature. 



FUEI 

Gas as a Fuel 

The ideal conditions for oombustion are realized when fuel, 

mixed with the theoretical aDlount of air for complete combustion, 

burns under conditions that may be controlled readily. The chief 

advantages of gaseous fuels are as follows: (1) Coal, the basic 

fuel of industry, may be gasified at one point and clean gas dis- 

tributad economically to furnaces, heaters, etc., which are 

scattered over a wide area. (2) The conthustion of gaseous fuels 

permits ready control as to the changes in demand, variations in 

temperature, the oxidizing or reducing nature of the desired at- 

mosphere, and the length of the flame. (3) Then high temperatures 

are required the use of gaseous fuels usually permits greater 

thermal efficiency, since the amount of heat wasted out the stack 

may be greatly lowered by regeneration or recuperation. (4) With 

gaseous fuels, smoke and ash, which ix.y harm the material being 

heated are eliminated. (5) Many low-grade fuels that are diffi- 

cult to burn directly with eoonoir, such as coal of very high ash 

content, peat, lignite, etc., often can be more effectively utilized 

after gasification. (6) Gasification, under certain conditions, 

renders possible the recovery of by-products such as ammonia, 

benzol, and etc., which are lost in. the direct combustion of solid 

fuel. 
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The naximum temperature obtainable, without "regenerative" 

appliances, with any particular gas will obviously depend upon 

the relative heat capacities of their products of combustion for 

a given heat development in the bed. In this connection it is of 

interest to compare the principal gaseous fuels available for 

industrial operations in the order of their calorific intensities, 

as follaws: 

The Combustion of Typical Gaseous Ftels 

Gas Burnt 
?er loo B.T.U. Net 

Developed on Combustion 

Vol. 
of 

Net of air of of airbining 
Reqd.JProd. Reqd4 Mixt. 

Blue Water Gas 290 2.290 2.82 0.79 1.14 

Coal or Coke 
Oven Gas 500 4.656 5.36 0.93 1.13 

Relative 
Vol. Heat 
of cap.. of 

prod. products 

0.97 0.95 

1.08 1.00 

producer Gas 140 1.166 2.00 0.84 1.50 1.43 1.38 

Blast Farn- 
ce Gas 100 0.716 1.58 0.72 1.72 1.58 1,52 
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The gas used In the tests, as shown in the appendix, compare 

very closely with that of the cosi or coke oven gas. Catalytic 

combustion on surfaces depends primarily on the condensation or 

adsorption on one, or both, of the reacting gases by the inoandes 

cent surfaces. The condeneed layers have the sane effect as in- 

creasing the concentrations of the reacting gases and this will, 

according to the Law of Mass Action, increase the rate of combus- 

ti on. 

The rate at wiioh the gases combine is proportional to the 

pressure of the gas arid air, provided the gases are in their combin- 

Ing volumes. 

In considering combustion by the most eoon methods, using 

flame, it Is first necessary to have a mixture that will ignite, 

and then to raise this mixture to the temperature of' ignition. In 

order to carry out this procedure with efficiency and safety, it 

is necessary to know the speed with which such a mixture burns. 

ftom the standpoint of quality and efficiency, it is also highly 

important to have a Iaiowledge of the amount of heat radiated directly 

from the flame, the temperature of the flame, the amount of air re- 

quired, and the effect of the various factors all acting sinsiltan- 

eously. The ignition tenerathre is that temperature to which a gas 

must be exposed or heated to have instantaneous combustion. The 

ignition temperatureis the lowest temperature which a gas will 

burn, With rapidity. The proportions of gas and air in the mixture 
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irnist be within the limits or inÍ1emability; otherwise io combustion 

will take place. The speed with which a flame will travel through 
a gas-air mixture is of great importance, particularly front the 

standpoint of common burner design. Considerable heat from f1anes 

is utilized b convection or conduction, but a part is transferred 

by radiation, In a 000n Bunsen flame, fron 1.2 to 18 per cent of 

the total heat of combustion is radiated awy and consequently does 

not permit the attaimnent of maximum flame temperature When 

employing the ordinary kind of equipment and obtaining delayed corn- 

bustion, as evidenced by the existence of f1a within the furnace, 

it is found necessary to permit the entry of excess air in amounts 

sufficient to prevent the f1a from extending into the flue. This 

practice is the most oonn method used, often unintentional. It 

is a case of increasing the rate of a reaction by increasing the 

concentration of a component. In other words, excess air makes 

certain that the gas wil]. be promptly overwhelmed and oolete1y 

consumed before leaving the furnace. In such oases, however, 

energy is absorbed by the non-reacting air in coming to the tontper- 
ature of the gases entering the flue. The amounts of energy lost 

or prevented from doing useful work within a furnace can be found 

by inspection of the figure 6 òn the following page. 

In surface combustiou the zxiam possible temperature is 

obtained because of the sl1 conduction losses by not having the 

losses from the flame, and by using less excess air and at the 
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sane tii speeding up combustion by intits1y mixing the gas and 

air, By using surface combustion it is possible to obtain a more 

nearly theoretical quantity of air for combustion. The objection 

of excess air in surface combustion process ïs that homogeneous 

mixtures containing excess air oaxmot react as rapidly as perfect 

mixtures, This is because of the simple mechanical hindrance of 

inert molecules, and the combustion space xst be larger for such 

mixtures to react. The resultant teerature is lowered and a 

greater amount of gas rwist be burnt to hold the desired tempera- 

turo and consequently the efficiency is lowered. Figure 5 on the 

following page shows the influence of excess air in surface com- 

bustion. 

The detrimental effect of quantities of free oxygen within 

a furnace are too well own to reqire cont. It is considered 

so serious as to cause the use of vast quantities of excess gas in 

certain steel-mill operations, such as annealing, and in the heat- 

Ing of sheet bars and sheets for rolling. Apparatus for production 

and use of perfect mixtures is designed in accordance with the 

nature of the heating to be dono and the gas to be used. 



OIL AS A FUEL 

petroleum is of partioular importance to society. ¡t 

furnishes gasoline, by far the most iiportant motor fuel, and 

yields the lubricants so essential to industry. It also pro'rides 

the fuel oil now so widely used in the production of heat, steam, 

and power. The most important properties of fuel oils are: 

(1) specific gravity, (2) heating value, (3) flash point and fire 

point, (4) congealing point or the cold test, (5) viscosity, 

(6) sulfur content, (7) moisture and sediment, (8) specific heat 

and coefficient of expansion. Although general specifications for 

fuel oils cannot be used to advantage, owing to the wide difference 

in individual requirements, certain points should always be born in 

mind in purchasing fuel oils. 

Before actual combustion, fuel oil is first chamgod by 

vaporization into the eleintarr fuel, «gaseous hydrocarbons." 

Smokeless combustion of these gaseous hydrocarbons will reàult if 

the hydrocarbons are in intite contact with sufficient oxygen, 

and if the mixture is kept at a high temperature for a sut ficient 

time to allow this oxygen to enter the hydrocarbon molecule. On 

the other hand, if there is a local deficiency of oxygen, the hydro- 

carbons will "crack" or therlly decompose to .ve carbon and 

hydrogen, and a smoky flame will result. 

The heating value of an oil varies with the process used by 

the companies that ke them and also in the crude oils themselves. 
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The oil used in these tests was Standard Oil Company of California's 

fuel oil having the trade name of plus 27. 

The in problerns in oil burning are: (1) intaining a 

uniform flow of heated oil to the burners, (2) then thoroughly 

atonizing the oil, and (3) mixing it with the proper amount of air. 

In the ooion oil burner the greatest trouble has been to obtain an 

efficient n,ethod of oil atomization. Many methods are used,so 

are: (1) air atomization, (2) steam atomization, (3) rotary 

burners, (4) mechanical spray btuners, and. (5) vapor-type burner. 

The efficienoy in an oil burning furnace is about 5% higher than 

that of a oolnmon coal fired furnace, this gives efficiencies of 

from 75 to 80 per cent. These high effioienoies are easy to 

obtain, but it is also easy to run an oil fired furnace ineffi- 

ciently, due to the ease of admitting too ioh air for oombustion 

and too high stack temperatures. The average excess air recoin- 

nnded by most oil burner n.nufaotures for efficient burning is 
between 15 and 25 per cent. In the figure on the following page 

the stack temperature for two different loads is plotted against 

per cent 002, or excess air, With large amounts of excess air the 

stack temperature for a given load is higher than with low excess 

air. The increase in stack loss with increasing excess air is, 

therefore, more than in direct proportion to the increase in the 

amount of gas going out at the stack. As shown by the figure the 

air WB.S increased from 80 per cent to 120 per cent and the increase 
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of stack temperature from 410 to 440 deg. fahr, 

At the present time there is a great need for combustion 

engineer8 to go into the field and increase the effioienoy of the 

industrial set-ups already in operation which are ruxrning at low 

efficiency. In the field of gas burning and also in oil burning 

there is considerable misunderstanding regarding the burning of 

fuel. Inmany instances the most conunon method of attempting to 

get high efficiency is by looking at the condition and color of 

the fire. This is a very poor method by which to judge the 

correct amount of air that the fuel needs to burn perfectly. By 

this method there is usually found excessive amounts of excess air 

in the furnace and this reduces the temperatures and efficiency 

greatly, as shown previously. As in oonmon combustion the problem 

of excess air is one of prime importance and should be handled 

with care and skill. 
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APPAR&TUS 

Apparatus Used for Gas Tests 

In mald.ng the tests on the gas fired furnaoes a sot-up was 

used as shown on the following page. The numbers on the photograph 

refer to the following pieces of the apparatus 

1. Furnace, packed with refractory naterial. 

2. Swinging nozzle pipe with. nozzle attached and in 

position for operation at entrance of the furnace. 

3. Capacity control valve. 

4. Gas Bieter. 

5. Cooling water tank. 

6. Thermometer registering cooling water temperature. 

7. Exhaust end of the cooling coil, used to cool the 

products of combustion. 

8 Induced draft (motor driven). 

9. Thermometer registering exhaust temperature. 

lo. Hayes portable orsat for exhaust gas analysis. 

li. Draft gage for reading the induce draft of the system. 

12. Cooling wator pump (motor driven) 

13. Water of combustion trap. 

14. Different types of nozzles used in the tests. 



-42 - 

Figure No. 8 
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The Nrnace s constructed of e. piece of pipe, so that the 

size of the combustion chamber might be ehanged. The sizes tested 

were 1. 1/4, 1 1/2, 2, 2 1/2, arid 3 ïn.oh furnaces which were from 

6 to 10 inches long, and constructed so that they could be inter- 
changed with little effort. The fuel (Portland Gas and Coks 

Company's oil gas), was supplied from the gas main using gas nMn 

pressure. The gas was neasured by a gas noter. The nozzles were 

nade of small sizes of pipe and brass tubing. Inside of the 

furnaoes were plaoed small pieces of carburundum emery wheels 

about 1 oentiiter in size; this refractory material was packed 

into the furnaces for use as a catalyst. For cooling the products 

of combustion a copper coil was used. This coil was placed inside 

of the cooling water tank and coiled from bottom to top. At the 

top of the coil a fan was placed to produce an induced draft to 
provide a means of getting the products of ooustion out of the 

furnace, and in doing so, put into the water all the heat possible. 

On the coil just below the fan, a gas saling tube was inserted 

to obtain the gas analysis of the products of combustion. Another 

tube was inserted to take readings of the draft in inches of water; 

this was zneasured by a draft gage. The cooling water tank was a 

ooimaon iron tank of 50 gallon capacity, having oonneotions in the 

side for use with a circulating water pump. A water pump was used 

to circulate the water, thus riaintaining equal temperatures 

throughout the entire body of water. After trying out the appara- 
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tus and experi2nenting with various set-ups, a water trap was placed 

at the bottoiii of the coi]. to drain out the water of combustion, 

This prevented the induced draft fan from having to pull this 

water up the coil and out the exhaust. 

Temperatures were taken at the exhaust and also of the 

cooling water in the tank. 

procedure - Gas 

The apparatus was set-up according to the picture on 

page 42 The gas was iiited and burned as it was expelled from 

the nozzle, The induced draft fan was started and the gas flame 

was turned dawnward into the furnace, thereby heating the granules 

of carburundum to a red hot temperature. The gas was then turned 

off and the flame extinguished and the gas was turned on again. 

Surface combustion started inediately below the surface of the 

granules. After the burning has started, the nozzle is adjusted 

to the the furnace to the best angle for combustion and excess air. 

The excess air was controlled by the amount of induced draft and 

also by placing a cone with a shutter on it on top of the furnace. 

This permitted easy air adjustments. 

In making the tests on the apparatus, after conditions had 

become constant, runs were made at intervals of either five or ten 

minutes. The duration of each run was from fifteen minutes to one 

hour. From each run gas samples were taken and analyzed draft was 
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recorded by a draft gage; temperatures of the cooling water and 

of the exhaust gases were read from thermometers; the temperature 

of the furnace in the "hot-spot" were estimated or read by an 

optical pyrometer, and the amount of gas used was taken from a 

difference in the readings on the gas meter. All of the items 

were recorded and the efficiency was calculated. on the data 

sheet the furnace size and the nozzle used were also recorded. 

calculations for the runs may be seen in the appendix. 

Capacity tests were made for the different sizes of 

furnaces using the different nozzles. This was taken as the 

maximum amount of gas that would satisfactorily burn during any 

unit of time. 

Apparatus - Oil 

In making the tests on the oil fired furnaces, using 

surface combustion, a set-up was used as shown on the folloWing 

page. The numbers on the photograph refer to the folloWing 

pieces of the apparatus. 

1. vaporizing coil. 

2. Oil pressure gage registering the nozzle pressure. 

3. Oil pressure control valve. 

4. Oil pressure gage registering the supply tank pressure. 

5. Oil supply tank. 

6. Scales for weighing the oil used. 





.47- 

7. Hand pump for use in maintaining the supply tank under 

pressure. 

8. Gas nozzle used for starting. 

9. Thermometer for reading temperature of cooling water. 

10. Gas meter. 

11. Induced draft fan (motor driven). 

12. Draft gage reading in inches of water. 

13. Hayes portable orsat for analyzing the products of 

oombustion. 

14 Thermometer for reading temperature of exhaust gases. 

15. Cooling water tank. 

The furnaces were the same that were used on the gas fired 

tests. The only difference in the set-up was the addition of the 

oil burning equipment. A fuel tank was used as a container to hold 

the oil and to supply the air pressure neceSsary in delivering the 

oil to the place of burning. Air pressure was kept on the tank by 

means of a hand air pump. Between the tank and the nozzle there 

is located a fuel control valve which throttles the oil from tank 

pressure to any desired pressure, ranging from 1 to 10 pounds gage. 

The oil, after passing through the valve, goes directly into the 

vaporizing coil, vaporizes and is expelled out of the nozzle. The 

vaporizing coil is made up of a coil of seamless steel tubing 1/4 

inch outside diameter with number 22 wall gage. The tubing is 
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sound around the Inside of the furnace from the bottoixi to the top. 

A diagram of the furnace and coil is shown on page 48 The coil 

is built so that it is adjacent to the hot spot in order that the 

oil may vaporize readily and efficiently. Nozzles of different 

types were used to test their capacities and efficiencies. kan- 

ules are packed around the coil and the major part of the coil is 

in the hot spot of the furnace. This is illustrated by the 

diagramatlo sketch of the furnace and coil for oil burning on 

page 48. 

procedure - Oil 

The apparatus was set-up as shown in the picture on the 

preceding page. The operation of the oil burning furnace was 

more difficult in that more care was required to start it. The 

furnace was heated untïl the granules wore rod hot, by the gas 

flane, the same as was used in the gas experiments. When the 

granules were red hot and the coil heated, the oil in the coil be- 

gan to vaporize and would como out of the nozzle in a vapor form 

which was practically in'visible. The gas was then turned off and 

the oil turned on by the control valve. The vapor of the oil 

would burn in a manner similar to that which the gas burned, below 

the surface and by surface combustion methods. The nozzle pressure 

could be varied by nrely turning on or off the control valve on 

the oil line. In the test work the same prooedure was used for 

the efficiency tests as that of the gas fired furnace. In 
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addition, the capacity of the furnaces with different nozzles was 

tested. This was done by running a length of tixi and checking 

the axnount of oil that was used. The nximm amount of oil that 

would satisfactorily burn was used as a measure of the nxi 

capacity. 

In these experiments the cooling water was maintained at a 

constant temperature of 100 deg. fahr. A sufficient amount of 

water at 58 dog. fahr. was added to keep the cooling water at a 

constant value during the entire time of the test. A water pump 

was used to keep the water circulating and at a uniform tempera- 

ture. An overflow pipe was used to carry off the excess water, 

and the overflow water was weighed at the end of the test. 
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RESULTS AND CONCLUSIONS 

Results and Cono].usions of Gas Tests 

The results of the tests and experiments using oil gas 

approxinted the results that were obtained by prominent engineers 

such as Bone, McCourt, Lucks, and many others, hen they made 

tests using surface combustion with gas issuing from the nozzle at 

a high pressure. In all of the gas work which was done in making 

the tests, the pressure of the gaswas comaon line pressure in the 

city gas main, which is only a few ounces. The reason for using 

the low pressure was to investigate the feasibility of using sur- 

face combustion for eomnon household uses without the extra cost 

and extra equipnt required to compress the gas to a higher 

pressure. The literature contains nothing about the testing of 

surface combustion apparatus using oil gas as a fuel operating 

under the low pressures of the city mains. 

In making the tests, using the gas fired furnace, the same 

procedure was used as in all of the cases. The granules were 

heated to a red hot color, the flame was extinguished and the gas 

was turned on again, burning below the surface by the use of 

catalytio action of the carburundum granules. The "hot spot" as 

located about six inches below the surface of the granules and 

approaohing a temperature of 3000-3200 deg. fahr. "Hot spot" as 

used here is a coined word. by the author to define the portion of 
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the granules that are incandescent and supporting the combustion. 

It is those granules that are burning the vapors or the gases 

which are forced dawn the furnace The depth of the "hot spot" 

depended upon many factors, which are: intensity of draft, 

amount of excess air, size of the furnace in conarison to the 

outlet size, and the pressure of the gas enterïng. The exhaust 

temperatures ranged from 135 to 145 deg. fahr. The reason for the 

law exhaust temperatures was that a copper coil was used to cool 

the products of combustion. 

Exhaust temperatures were low due to the iningement of 

the hot products of combustion against the side walls of the tube 

by the irregular shape of the refractory material, causing a 

baffle and. giving better heat transmission, and consequently 

lowering the exhaust temperatures. 

After making several test runs of the apparatus it was 

noticed that the fan would bring through the coils considerable 

water. After investigating, it was found that when ruiüiing at 

low carbon dioxide reading, or in other words, burning ineffi- 

oiently, there would be formed a considerable amount of water of 

combustion. This water of combustion was caused from poor burn- 

ing and quantities of excess air causing the frée oxygen and 

hydrogen to unite and form water. To stop this trouble a drain 

said trap was placed in the coil at the bottom of the lowest loop; 

the water would then form and condense on. the cold tubes and. run 
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down into the drain and trap. A pet cock was placed so that it 

could be drained after each rim. After further investigation ït 

ws..s found that when the furnace was burning at a high rate of 

carbon dio.de there would be no water formed, in other words, 

there was very little excess air and consequently very little 

excess oxygen and hydrogen which could condense out and form 

water. 

In making the tests of the different sizes of farnaces 

using nozzles of variable size, as described in the apparatus of 

gas furnaces, particular care was taken in taking the data, to 

see that all conditions were reasonably the same so that all of 
the tests would be on a oomaon basis. It was noticed when using 

the smaller furnaces, i 1/4, 3. 1/2, and 2 inch, that the ease of 

starting was much greater. All that was necessary to start the 

small 8iZeS was merely to heat the granules, extinguish the flame, 

and turn on the gas so that it would strike the hot granules and 

would instantly burn by surface combustion methods, This was 

probably due to the fact that the correct amount of excess air 

was used and the draft was in correct ratio for the me.ximem effi- 

ciency of the furnace. One peculiar phenomenon was noticed while 

using the 1 1/4 inch furnace, that was; while heating the granules 

in the furnace until they became hot enough to iiite the gas, the 

flame tended to flicker and sputter. After the granules were hot 

the flame would go completely out and combustion would take place 
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below the surface in the iegular surface combustion nner. This 

y be explained by the fact that the furnace ratio to the draft 

or excess air and that of the nozzle size mist be in the correct 

ratios to cause this peculiar phenomonon. For this feature of 

self ignition of surface combustion the furnace size was i 1/4 

inch furnace, 15-16 inches of water draft, and usïng a 0.12 inch 

nozzle with gas n.in pressure. After the discovery of this 

feature, self iition was tried on other sïzes using the saine 

proportions, and self ii1tion was found to perform inthe same 

nanner with this exception; the draft was not changed and the gas 

pressure was the same, so all that could be varied was the furnace 

and nozzle desi. However, in spite of this inability to chango 

the draft and gas pressure, other sizes of furnaces were made to 

ignite by mere heating. It is thought by the author that furnaces 

of larger sizes would ignite in. a manner similar to that of the 

1 1/4 inch furnace, if the design is correct and the draft and gas 

pressure were within the ratios. 

For the most part, the larger furnaces using larger nozzles 

were harder to start to burn in catalytic combustion. This was 

probably due to the fact that the gas pressure was low and the 

draft insuffoient for high efficiency in burning. Bone's records 

show that when using higher gas pressures in larger furnaces 

extremely high efficiencies could be had. 
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The smaller furnaces had higher overall efficiencies than 

the larger furnaces. For the smaller furnaces the efficiencies 

ranged from 80 per cent to 94 per cent, while the larger furnaces 

ranged from 73 per cent to 86 per cent. These percentages were 

overall efficiencies for the entire unit including all heat 

transfer losses and other losses. calculations and data are shown 

in the appendix. 

One of the things which was noticed and which was not 

written in any of the literature was a noise of burning. This 

noise was a series of notes of one pitch, having considerable 

volume, and very disagreeable to the ear. The pitch and the 

volume could be varied by: changing the gas mixture; by increasing 

or decreasing the draft; by changing the angle of the nozzle; by 

changing either the size of nozzle or the size of the furnace. 

It was found from a series of tests that the noise would be the 

loudest when the burning efficiency was the highest. At low 

carbon dioxide percentage the noise would be practically inaudible • 

.After extensive studying it was found that this was due to the 

rapid combustion which took place in the hot spot1 causing the 

rapid vibration set up by the accelerated combustion. This may be 

partially explained by one school of thought on the theory of 

flameless combustion; namely. that ionization and the thermionic 

action by and trom incandescent surfaces. As there is no definite 

theory on flameless combustion a definite reason for the noise 



could not be stated. It was found that the srnaller furnaces had 

a louder and higher tone than that of the larger furnaces; this 

was probably due to the size only. 

Throughout all of the tests it was noticed the great amount 

of a gas that could be burned in a sn.11 furnace. Many more times 

the amount of gas burned by flame could be burned in the same 

furnace by use of flameless coxnbustion. The capacities of the 

furnace depended upon the amount of draft and the size of the 

furnace In a small furnace iany times more gas was burned than 

could be burned by flame. It is almost unfathon.ble the imnense 

amount of gas that can be burned in a furnace by the use of surface 

combustion. For example, in the small i i/4 inch furnace, as high 

as B end 10 cubic feet per minute may be burned with using only a 

16 inch of water as draft. 

Results and Conclusions of the Oil Tests 

The results of the tests and experiments using oil as a 

fuel were very conclusive and efficient, and the operation was 

very easy. Literature contains very little, if any, material on 

the subject of using oil in the process of surface combustion. It 

was found that some prominent engineers had done some work usixi& 

fuel and diesel oil as the fuel, but their work was kept secret 

and in many oases the work was not completed. 

In making the tests, using the oil fired furnace, the oil 

used was donated for research work by the Standard Oil Company of 
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California, sud was of the ooimion Nel oil, having the trade name 

of "27 plus". 

As in the gas tests, the granules were heated until they 

becanie incandescent. This was dono by use of a gas burner, using 

city gas as a fuel. After the granules were ineandescent, the oil 

in the vaporizing tube would vaporize and. be expelled from the 

nozzle in an almost invisible vapor. The gas was then turned off 

and the oil control valve turned on, until the oil would come out 

as a vapor. The pressure of the oil which was flowing through the 

vaporizing tube, oould vary anywhere from law to high prossures. 

The controlling factor in the higher pressures was, that when too 

high a pressure was used, the oil would not completely vaporize 

because the time was too short while passing through the vaporizing 

coil. When the oil was turned on, the vapors burned, as did the gas, 

belaw the surfaoe and by the process of surface ooinbustion. The 

"hot spot« was located a little bit deeper than when using gas, 

and was approximately seven inches below the surfaoe of the gran- 

ules. The depth of the "hot spot" depended upon the intensity of 

draft, the amount of excess air, the size of the fwnaoe in corn- 

parison to the size of the nozzle, the number of coils in the 

vaporizing unit, the pressure of the vapors entering the furnace, 

and the temperature of the oil vapors issuing from the nozzle. 

The temperature of the "hot spot" was taken by means of an optical 

pyrometer, but difficulty was had in obtaining a hole through which 
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the temperature eould be compared. Binder in the carburundwa was 

melted and any metals that were not water cooled were melted. The 

temperaturewas estimated at 2800-3000 deg. fahr. The exhaust 

temperatures were low due to the ipingent of the hot products 

of combustion against the side walls of the tube by the irregular 

shape of the refractory terial; this caused a baffle and lowers 

the temperatures. Toperatures ranged from 220 to 360 deg. feJir. 

in the exhaust gases. 

Considerable water of combustion was noticed at low burning 

efficiency, but at high efficiency the water was not present due 

to the lack of excess air. 

In n.king the tests of the different sizes of furnaces and 

using different nozzles and oil pressures, particular care 'was taken 

in taking the data to see that all conditions wêro reasonably the 

same, so that all of the tests would be on a comon basis. 

There did not seem to be any nrked lino drawn, as was the 

case in the gas furnaces, as to the size of the furnace and its 

efficiency of operation. In the oil furnaces the smaller furnaces 

seemed to be limited as to capacity, lower burning effloienoy, and 

a lower overall efficiency. This was probably due to the large 

quantity of air necessary to burn oil. In the larger furnaces, 

that is, above 2 inches in diameter, the capacity was very large 

and the efficiency high. In the 3 inch furnace the capacity was 

larger than the induced draft of 16 inches of water would carry. 
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When running at n.xiinuin capacity for that furnace, having the air 

passage limited, the efficiency was very high (85% to 93%). From 

the trend of the results and the data, it could easily be said 

that the capacity of larger furnaces would depend on the amount of 

draft and the correot proportions of air and oil rather than the 

size of the furnace. For these larger furnaces the amount of oil 

burned by surface combustion methods would easily exceed that 

burned in ordinary furnaces having oombustion space many times 

that used by surface combustion. 

The starting characteristics of the oil fired furnaces 

seemed to be the same for all of the sizes of the furnaces used. 

As soon as the oil in the vaporizing tube was hot enough to vapor- 

ize, the auxiliary heat was turned off and the oil supplied Its 

own heat for further combustion. This method of starting was very 

simple and easily handled. The operation of the furnace was simple 

after the oil had started to vaporize. The only thing necessary 

to do was to set the control valve on the oil lino at the desired 

nozzle pressure and it would operate that pressure without further 

handling or operation. 

As was the case with burning gas, the oil, when burning 

wider surface combustion methods nmde a noise when burning. This 

noise seemed to have about the same pitch, using the same combus- 

tion furnaces, as that of the oil. This would indicate that the 

rate of combustion of the oil was practically as fast as that of 



the gas. The pitch and the volume could be varied br: changing 

the air vapor ratio; by increasing or decreasing the draft; by 

changing the angle of the nozzle; by changing the vapor pressure; 

and by changing the size of the nozzle or the vapor pressure. The 

noise of burning was the loudest when the burning efficiency was 

the highest. The further development of the theory is the same as 

stated in the gas results. 

High burning efficiencies were obtained by burning the oil 

in the test furnaces using surface combustion. The carbon dioxide 

analysis of the products of combustion varied from 8 per cent to 

13.6 per cent, depending upon the burning conditions and the 

furnace used. Carbon dioxide for perfect combustion was calculated 

to be 15.2 per cent. When burning under high efficiencies, very 

little, if any, carbon monoxide could be found. Tests de on the 

excess air and the temperature at different amounts of excess air, 

checked with that of the literature and will not be included in 

this report. It was found that excess air had the saine effect on 

surface combustion as it does on common burning, and was very detri- 

mental for efficient burning. 

In an effort to keep from burning the oil heating coil, it 

was sot in a refractory lining about 5/8 inch thick around the in- 

side of the furnace. The lining was prepared by moulding a mixture 

of granulated fire-brick and Sairset. fter sufficient time was 

allowed for the lining to set, it was put into the furnace and the 
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burner put into operation. The firebriok vs fused to form a slug 

in the bottom of the furnace. The coil was a180 tried by placing 

it in the exhaust line, and results were very successful. Later a 

high temperature steel tube was used which would stand the 

temperatures. 

As an additional test, gasoline was used for fuel. The 

gasoline was vaporized in a heating coil the same as that used for 

fuel oil. The air was admitted from the top the same as in the 

other experiments. It was easily possible to burn the gasoline 

vapor down below the surface and obtain a temperature so hot that 

the binder in the carburundum would melt, and to fuse any metal 

that was not water cooled. The burning efficiency was high and 

the fuel was easily started and easily operated. The vaporizing 

coil does not have to be so large when using gasoline because gasa- 

line hs a lower temperature of vaporization. Were it not for the 

fact that the price of gasoline is prohibitive, the application and 

use of gasoline for oonmiercial heating would be a very efficient 

and easy way to heat coueroial installations. Kerosene was used 

with approximiMely the same results as that obtained from gasoline. 

This work on gasoline and kerosene was included merely to show the 

applicability of surface combustion for all types of fuels. 

Due to the low price of fuel oil in comparison to other fuels, 

more care 'was taken with fuel oil iîì these tests, One serious ob- 

jeotion to the method of oil vaporization is that of carbon 
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depositing in the vaporizing coil. If oil travels through a tube 

at the rate of tiTe feet per second no carbon Wi].]. be deposited. 

This is due to the fact that the fast moTing oil sweeps the carbon 

out as fast as it deposits. In the vaporizing coil, however, 

there is the problem of starting the furnace when starting oil 

must stand in the coil until hot and then vaporize. In going 

through this process carbon will be deposited. When in operation 

some of the oil will crack, and in doing so, carbon will be deposi- 

ted. In the tests made, very little carbon was deposited for runs 
that were continuous, and little starting and stopping. In one 

porizing tube, taken where many intermittent tests of starting 

and stopping were made, considerable carbon was deposited. 

Oil was used to burn in the furnace by the use of a meohani- 

cal oil burner. Atomization of the oil was accomplished by 

mechanical atomization. In applying this apparatus to the furnace, 

the sa procedure was used to heat the granules, and then the oil 

burner was turned on and the atomized oil was burned below the 

surface of the granules. A hot spot 'was established, but due to 

the large capacity of the burner the furnace could not handle all 

of the oil, and the hot spot was flooded. If, however, the furnace 
had more capacity, using more draft and. larger volume, the use of 

mechanical atomization could be applied efficiently. 

Considerable experimental work was done with the apparatus 

running as a gas producer. The operation as a producer is 
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continuous; the prinoiple being somewhat similar to the Dayton 

process. Considerable work was done along this subject by 

A. E. Bohren in his work on surface combustion at Oregon State 

o11ege; he states, «The eolor of the gas that was nade was a 

pale yellow color, indicating a gas of fairly high qta1ity 

a000rdin to the gas producers. All that is necessary to operate 

as a producer is to reduce the air supply or to increase the flow 

of oil. The carbon dioxide percentage when operating in this way 

ranged from i 1/2 to 2 1/2 per oent.0 In the test work made by 

the author, producer gas was nade having the same color but of 

slightly higher heating value. Â flame was held near the exhaust 

of the furnace and oil gas inuiiediately burst into flame. 

Heat transmission is a subject of which much of boiler 

efÍcienoy is depending. Heat is transmitted to a boiler tube 

in two ways: radiation and convection. In surface combustion 

methods, using a boiler of the design used in the experiments of 

this report, the heat transmission was very effective. This 

points to a very effective radiation transmission from the in- 

candesoent granular material in the first one-third of the tube, 

where the zone of active combustion was located. The zone of 

active combustion was located; although it should be remarked that 

the loo! of actual contact between the incandescent xxterials and 

the walls of the tube were so rapidly cooled by the transmission 

of heat to the water on the other side, that they never attained 
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a temperature of even approaching red hot The renining two-thirds 

of the tube was used to baffle the hot products of combustion, and 

to make them impinge, with high velocity, against the walls of the 

tube. This miMerially accelerating the cooling of the gases and 

cutting out the filin of cold gases which impair efficient heat 

transmission. In both the oil and the gas tests the heat trans- 

mission problem was the same. 

At the present time there is in use numerous applications 

using the principle of surface combustion. The Surfaoe Combustion 

Company is mimking mam.y different types of furnaces for use ins 

annealing, carburizing, hardening, normalizing, nitriding, forging, 

heating, welding furnaces, and for melting various metals, All of 

the commercial application are using either city gas or natural gas 

as a fuel, while none are making equipment for the burning of oil. 

With the application of oil to the furnaces of surface oonbustion 

there gives to combustion engineers a different field in which to 

work and study. The use of oil will be used eonneroially if sut fi- 

ciently developed because of the additional factor of eoono. 

The uses of gas fired surface combustion furnaces have been a 

relatively new process for oomineroïal work, and the rapidity which 

the industries are using the furnaces indicates that the process is 

well liked and efficient. 

The application of surface combustion to industry is yet in 

its infancy. With the further developments there will, come 
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applications which Will be used in all branches of industry. The 

process has won the support of numerous municipal gas companies 

and public service corporations; since it has enabled them to 

secure industrial consuiirs of gas and to hold them in the face 

of keen competition with other fuels as regards to cost. Steam 

generation by this process has received little attention in this 

country thus far, but very remarkable results have been attained 

in England. It is altogether probable that greater activity wil]. 

occur in that line of work in the near future in the United States. 

It is doubted whether such concentration and intensive steam 

raising and high efficiency as was obtained at Skinningrove Works 

with large multi-tubular gas fired boilers only four feet long, 

are possible on any other than surface combustion lines. 

The scope of surface combustion methods using either perfect 

or quantitative combustion is unlimited. In the future, applica- 

tions might easily be devised for: steam raising in automobiles, 

tractors and stationary engines; for domestic heating; for metal- 

urgical and all high temperature furnaces; for any batch process 

requiring a rapid attainment of high temperatures. 

it may be said, without exaggeration, that, wherever it can 

be conveniently applied that incandescent surface combustion is the 

most perfect and economical way of burning gases and vapors yet 

devised. 
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RECOAENDATIONS 

1. The use of mechanical and steam vaporization and atoni- 

zation for oil fuel furnaces. 

2. Using higher draft pressures. 

3. The use of forced draft. 

4. The use of other catalysts as a refractory terial. 

5. Using variable gas pressures. 

6. Using variable gas and oil nozzle pressures. 

7. The use of non-carburizing vapor tubes that would 

withstand the high temperatures iithin the furnace. 

8. Elimination of the noise of burning. 

9. To cast the granules and the vaporizing coil in one 

unit, burn out the binding nterial and insert as a 

unit in the furnace. 

10. Using preheated air: for combustion. 

11. Using vaporizing coil with higher pressures for oil 

12. Using higher pressures of the gas at the nozzle. 

13. The use of automatic regulation of the entire burner. 

14. Using stearn atomization for oil gas manufacture. 
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COAERCIAL GAS PROPORTIONING DEVICES 

Owners of oonnereia1 applications today, using gas fired 

furnaces, have realized the iniportance of a perfect mixture in 

the perfected surface combustion process. There is at the present 

time automatic proportioning and mixing dericos which are attached 

to the uanifold of a furnace. Figure 1]. shows one type of auto- 

iatio proportioning and i.ng devices, and it is called the low- 

pressure systeni. Air is supplied at a maximum pressure of about 

i lb. per square ineh; it is governed in flow by the upper of the 

two cocks. Entering the chamber shown, it passes thence through 

a venturi tube to a manifold supplying the burners. A. nozzle is 

located within the throat of the large tube, The nozzle can be 

adjusted with a screwdriver and secured by a locut. The location 

of the nozzle in the large tube determines what proportlonof air 

and gas w111 form the mixture. So long as the composition of the 

gas remains constant, no change in the position of the nozzle is 

necessary. Raising the nozzle increases the proportion of gas in 

the xnixture. It is simple matter to make the adjuatnnt hioh will 

produce a perfect mixture. In operation, air creates suction upon 

the nozzle. Gs is drawn from a small governor which receives it 

at any. pressure from one to about eight ounces. The function of 

the governor is the delivery of gas at constant atmospheric 

pressure at all times, regardless of the rate of flew. With the 

I 
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The Refractory Bed Method of Firing (Low 
Pressure System) 

The Tunnel Method of Firing (High Pres' 
sure System) 

Figure No. 11 
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gas eock closed, and ir flowing, reduced pressure is produced ii 

the governor and its connections, due to suction upon the nozzle. 

Atmospheric pressure Will mOYO the diaphragm inward and oause the 

entry port for gas to open fully. Vhen the gas is turned on, the 

gas pressure within the governorwill exceed atmospheric pressure 

for the nioment, due to the flow resistance of the nozzle and cause 

the diaphragm to move outward, dra1ng the slide-valve attached to 

it over the gas port to a position where flow to the nozzle will 

continue at atmospheric pressure. Changing the air supply Will 

autoniatically change the gas supply to insure constant proportion 

throughout the range of the device. During operatïon, the gas 

cook never is touched but reins wide open. The convenience and 

economy of single valve control are obvious. Convenient for obser- 

vation, water gage is located upon the burner manifold for the 

assistance of the operator in determining the rate of firing. 

Figure U shows another device for automatically f ornd.ng 

and supplying perfect mixture. It is called the high-pressure 

system. Suitable means are provided for supplying the gas at the 

requisite pressure; the pressure required varying with the gas 

used. One and one-half ounces per square inch is satisfactory for 

blast-furnace gas, while 8 ounces or i pound will suffice for 

producer gas. 

In many oases both natural and artificial gases aro available 

at the right pressure. When such is not the case, a compressor is 
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used. Gas is eonducted under pressure to the apparatus'. Yor 

proper control over the rate of firing a valve and gage are pro- 

vided as shown. Gas is projected through a nozzle into the 

throat of a venturi entraining tebe. Flow energy, or inertia of 

the gas, causes the entrainment of the air necessary for combes- 

tion through the ports shown. Proper selection of the gas nozzle 

and accompanying adjustment of the shutter by which the area of 

the ports is varied, will enable the production of a perfect 

mixture, or one which is rich or lean, as xy be desired. When 

the desired setting once has been ude, the proportion of air and 

gas will remain tree and constant throughout the rango of the 

apparatus, hïeh is usually about four to one. The mixture be- 

comes homogeneous at about the time it leaves the entraining tebe 

to enter the n.nifold. This system does away with the necessity 

for air under pressure and the consequent air piping, with all 

moving parts such as a governor; also with any provision for draft 

for either the high pressure or the low pressure system. 
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PORTLMTD GAS AND COKE - OIL GAS 

Gas % Mols Mols Mols Mols 

Analysis By Vol. CO2 02 1120 N2 

CO2 1.3 1.3 - - 

C6116 0.0 - - - 

C2114 4.3 8.6 12.9 8.6 

0.7 - 0.7 - 

CO 6.5 6.5 3.25 - 

55.5 - 27.75 55.5 

0114 30.1 30.1 60.2 60.2 

N2 1.6 - - - 1.6 

Total 100% 46.5 104.03 124.3 393.1 

Caleulated N2 391.5 mols 

Total N2 391.5 + 1.6 = 393.1 mols 

Tlieoretioal CQ,J 002 = 46.5 10.6% for perfect 

002 + N2 46.5 + 393.1 combustion 

Theoretical air required = 4.96 mols air/mois gas 

Heating value 570 Btu/cu. ft. 

Specific gravity = 0.363 
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FUEL OIL - "27 plus« 

Oil Mols Mols Mols Mols 
Analysis By Wt. By Vol. 002 2 20 N2 

C 84.6 7.05 7.05 7.05 

H2 13.3 6.6 3.3 6.6 

02N2 1.6 - 

S 0.6 

Total 7.05 10.35 6.6 

Calculated N2 10.35 x 3.76 = 39.0 

Theoretical 002 7.05 15.25% for perfeot combustion 
7.05 + 39 

Theoretical air required = 49.5 mol/mol 

Specific gravity at 600 F - 0.6876 

Deg. Baume at 600 F - 27.733 

Heating 1ue 18650 + 40 x (Baume reading -10) 

18650 + 40 x (27.733 -10) 

19350 Btu/lb. 

and 
19350 x 7.441 144,161 Btu/gal. 
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DATA 

i 1/4" Furnace - Gas 

X X Y y 

Water 
x '' X 

haust 
t 

in 
Rung Gas Rate Gas Analysis Temp. Temp.Draft Nozzle Per 
jïo.Timejcuft/seccO2 2 CO 0F °F P'H20 Size Cent 

i 7:45 1/240 8.0 5.2 0.]. 74 126 0.12" 89.4% 
2 7:55 8.3 5.1 0.1 80 141 
3 7:65 8.3 5.1 0.1 90 142 
4 8:15 1/280 7.4 96 112 
5 8:25 7.4 101 112 
6 8:35 8.4 105 114 
7 8:45 1/200 8.4 112 114 

i 9;05 1/90 7.8 112 138 3 89.0% 
2 9:10 8.2 3.0 0.2 147 Orifices 
3 9,15 8.0 121 158 0.09" 
4 9:20 1/100 7.8 124 158 

1 7:05 1/90 9.0 66 15.5 0.28 92.0% 
2 7:15 1/90 8.8 76 126 16.75 
3 7:25 1/90 8.0 85 143 17.0 
4 7:35 1/90 8.0 92 120 17.0 

i 7:55 1/100 9.5 94 142 17.0 0.12 94.0% 
2 8:05 1/100 9.6 102 149 17.0 
3 8:10 1/100 106 149 17.0 

1 8:55 1/80 8.6 108 138 16.5 4 OrIfices 79.6% 
2 9:05 1/90 7.8 118 144 16.0 0.11" 
3 9:15 1/90 7.0 126 148 16.0 
4 9:25 1/80 6.0 132 130 16.0 

i 7;30 1/90 7.6 102 139 16.0 0.35 97.7% 
2 7,40 1/90 7.5 111 140 16.0 
3 7,50 1/90 7.7 120 142 16.0 
4 7,60 1/90 7.7 127 144 16.0 
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21 Furnace - G.s 

X X X X X'X X X XL 
Waterhaust Furn- in 

Rung Gas ace Per 
1o.ÖTimeÖCuFt/SeeCO2 02 CO Op O ö"H20 Size Size Cent 

i 7:40 1/60 6.6 74 136 14 0.12" 2" 73.5 
2 7:50 1/70 6.8 84 138 13.6 
3 8:00 1/60 7.0 94 140 13.8 
4 8:10 1/72 6.8 103 144 13.6 Air controlled 

i 8:20 1/40 7.0 107 l3 15.5 2" 
2 8:30 1/40 7.2 114 140 15.6 O.28 85.2 
3 8:40 1/50 7.4 122 140 16.0 Air controlled 
4 8:50 1/40 7.4 132 142 16.0 

1 9:00 1/80 7.4 102 139 16.0 
2 9:10 1/80 7.0 111 139 1.5.0 82 
3 9:20 1/80 6.8 119 144 15.5 Air controlled 
4 9:30 1/80 6.7 128 144 16.0 

1 8:05 1/90 8.8 80 135 16.0 
2 8;15 1/90 9.0 90 136 16.0 92 
3 8:25 1/90 9.2 99 136 16.0 Air controlled 
4 8:35 1/90 8.9 108 136 16.0 

1 8:40 1/60 7.0 77 142 16.7 3 orifices 
2 8:50 1/60 7.2 88 144 16.7 0.09" 88 
3 8:60 1/60 7.1 98 144 16.8 
4 9:10 1/60 7.2 116 146 16.8 
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3' Furnace - Gas 

X Y Y X 

Water haust in 
Run Gas Ratei GasAna1ysis_ Temp. Temp.Draft Nozzle Per 
NoJTimeÖCuFt/Seo6CO O, CO Ö 0F Ö °Y Ö"1120 Sizo Cent 

i 7:30 1/40 7,2 6.0 0.2 80 140 15,5 0.35" 63 
2 7:40 1/40 7.2 6.0 0.] 92 140 15.& 
3 7:50 1/38 6.8 106 140 16.0 
4 7:60 1/40 6.8 - 120 145 16.0 

I 83O 1/60 7.3 90 132 15.4 
2 8:40 1/60 7.2 104 136 15.6 O.28' 
3 8:50 1/60 7.4 120 138 15.6 90.4 
4 86O 1/60 7.4 130 138 15.6 

i 90O 1/90 6.8 84 140 15.8 3 ozU ices 
2 9g10 1/90 6.9 93 139 15.6 0.09" 
3 9:20 1/90 7.0 102 141 15.8 91 
4 9:30 1/90 7.2 110 142 15.8 

i 8:10 1/50 6.9 72 140 16.0 4 orifices 
2 8:20 1/54 6.8 81 138 16.2 o] 
3 8:30 1/50 6.9 96 140 16.2 87.6 
4 8:40 1/50 6.9 117 144 16.2 
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2" Furnace - Oil 

9 
Vi. 

L )L L 
X 

Oil B2O forWaterhau8t Noz- in 

Run IRate cool- Ternp.Temp.Draft _ pressure zle per 

No.Tie/ir. co2 ing °F °F 9I2O NozzloTankSize Cent 

i 7:30 2 12.0 356f 100 200 16.0 4 10 0.12" 92.1 

2 7:40 12.2 100 210 15.8 4 10 

3 7:50 12,4 100 240 16.0 4 10 

4 7:60 13.0 100 250 16.2 4 10 

5 8:10 13.2 100 260 16.2 4 12 

6 8:20 13.1 100 260 16.3 4 12 

7 8830 13.2 100 260 16.2 4 12 

1 9:10 4 12.8 342e 100 250 16.3 6 15 0.12" 91.0 

2 9,20 12.8 100 255 16.5 6 15 

3 9:30 12.8 100 260 16.8 6 15 

4 9:40 12.7 100 260 16.8 6 15 

1 8x20 12.2 856e 100 280 16.8 10 15 0.18" 73.6 
2 8:30 12.3 100 284 16.7 10 15 
3 8:40 12.2 100 288 16.8 10 15 

4 8:50 12.4 100 288 16.8 10 15 

i 8:40 2.25 11.2 63 132 16.5 5 10 92.3 
2 8:55 12.0 88 148 16.6 5 10 *0.05 

3 8:60 13.0 96 150 16.7 5 10 

4 8:70 13.0 113 160 16.6 5 10 

* Using steel tubing with brass tubing inserted inside. 
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2 1/2" urnaoe - Oil 

Q 2 QW-t. of Ex- 
Q Q Q Q Err. 

Oil hi O forWateijhaust Noz- iii 
Ru14 IRate 000l- Tomp.Temp.Draft pressure zle Per 
No4Tirne#/ir. CO2 Ing °F °F P'1120 Nozz1eOTank1Size Cent 

1 7:10 2 11.4 1744 100 145 16.6 5 10 0.12" 89.8 
2 7;20 12.0 100 148 16.6 5 10 

3 7:30 12.2 100 155 16.7 5 10 
4 7:40 12.0 100 160 16.7 5 10 

i 8:00 1 13.0 65 160 16.5 2 10 0.12" 91.0 
2 8:10 13.2 71 170 16.5 2 10 
3 8:20 13.2 77 165 16.6 2 10 
4 8:30 13.3 87 168 16.5 2 10 

1 7:20 4 12.2 346f 100 220 16.5 5 10 0.i&" 89.4 
2 7:30 12.8 100 224 16.4 5 10 

3 7g40 13.0 100 220 16.4 5 10 

4 7:50 13.0 100 226 16,4 6 10 

1 9:20 .6 10.4 5O4Çt 100 240 16.4 8 15 0.18" 86.7 
2 9:30 10.6 100 44 16.6 8 15 
3 9:40 10.5 100 244 16.6 8 15 
4 9:50 10.6 100 246 16.5 8 15 

1 7:40 2 13.2 76 140 16.6 2 10 *0.05 93.4 
2 7:50 13.4 87 150 16.5 2 10 
3 8:00 13.5 99 150 16.7 2 10 
4 8:10 13.5 121 150 16.6 2 10 

* Using steel tubing with brass tubing inserted inside. 
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Furnace - Oil 

Q 9w;. or Q Q - Q Q Q Q Eff. 
oil H O forWaterhaust Noz- 

Rung IRate cool- Teinp.Temp4Draft Pressure zlo per 
No.Time#/hr. CO2 ing Oy 0F rH2O1NozzleTiSize Cent 

i 7:50 4 lO.8 352: 100 180 17.0 6 10 0.18" 92.2 
2 8:00 11.0 100 180 17.0 6 lO 
3 8:10 11.0 100 176 17.1 8 10 
4 82O 10.8 100 180 16.8 6 10 

1 7:30 6 10,2 476f 100 170 16.6 10 15 0.12" 84.0 
2 74O 10.4 100 176 16.6 10 15 
3 7:50 10.5 100 175 16.5 10 15 
4 8:00 10.4 loo 176 16.6 10 15 

1 8:20 2 12.8 172# 100 156 16,4 2 15 O,18 88.7 
2 8:30 13.0 100 157 16.5 2 15 
3 8:40 13.0 lOO 158 16.5 2 15 
4 ,8:50 13.1 100 156 16.6 2 15 
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SAMPLE CALCUlATIONS 

Gas Efficiency Tests 

Efficiency Output Wt. of cooling water x temperature use 
Input Gas rate x time x heating value of gas 

400 lbs. x (112-74D 
570 x 15 ou. ft. 

= 89.4% 

(Calculation taken from first test on the gas data 

sheet.) 

oil Efficiency Tests 

Efficiency Output Wt. of cooling water overflow x temp.: 
Input Oil rate x time x heating value of oil 

356x100 
2#/hr. z ihr. z 19,350 

= 92.1% 

(Calculation made for first test on the oil 

data sheet.) 

Combustion calculations appear on pages and 
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