
XxREEE 7 H BS T S whan 

" THE DESICN OF A CAS SUPERHEATER " 

PRESENTED 

FOR 

THE DEGREE OF BACHELOR OF SCIENCE OF 

MECHANICAL AND ELECTRICAL ENGINEERING. 

Under the direction of Profssecr 

W,R. Woolrich 

University of Tennessee 

June 1, 1820. 

by 

H.F.Ayres. 



**%xx* THE DESIGN OF A GAS SUPERHEATER ***x*x 

The first superhsater was probably built by Dr. Denys 

Papin, a Frenchman, in 1705. It was used on a crude steam 

engine of that day which was, in fact, a non-condensing, 

singles action steam pump with the steam and pump cylinders 

in one. " A curious featurs of this engine was a heater 

placed in the diaphragm. Thie wae a maee of metal for kesep- 

ing the steam dry or preventing condensation during expan- 

sion." This device might be called the first superheater. 

‘The practical application of superheat tc steam in the 

Engineering World is a practice of rscent origin and ie in 

some respects still in ite infancy. Superheat was firet used 

about forty or £ifty years age and the means of superheating 

then wae very similar to that now in use. It hae been in use 

long enough however tc remove all doubt ae tc the increased 

economy obtained thereby. The principal advantages of super- 

heating may be Snen up under three hsads: 

1. At nigh SRE rates steam behaves like a gas and is, 

therefore, in a far more stable condition than in the satur- 

ated form. 

2. A modsrate amount of superheat produces a large increase 

in volume, the pressure remaining constant, and diminishes 

the weight of steam for a given amount of work. 

3. Superhsated steam has a much lower thermal conductivity 

than saturated steam, and therefore, lees heat ie abeorbed 

per unit of time by the cylinder walls of a steam sngine. 
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It ie not however the writer's purpcse tc show the value 

of supsrheating steam, for this has, beyond a doubt, bsen 

proven by the many experiments made by as many steam engineers 

nrineut the world, and by the practical use to which it ie 

. put to-day by so large a number of steam power plante. 

Supsrheaters are manufactured by practically all boiler 

builders, the characteristice of the boiler being smbodied 

to a large sxtent in the deeign of the superheater. Thers are 

in general two types of superheatsre on the market, namely: 

the independently fired,and that located in the boilsr sstting. 

The first type ise almost obsolete. In the latter arrangement 

the superheater Bay bs located in the furnace at the end of 

the heating surface or at some intermediate point. Since the 

gbsorz iin of heat dspends chiefly on the temperature differ- 

ence between the gases and the steam and the extent of the 

heating surface, the rsquirsd amount of supsrhseat may be ob- 

tained from a small amount of heating surfaces in the firet pass, 

or a larger extent in the rear pasese, or a proportionate 

amount in the intermsdiate passes, 

The requirements of a successful superheater are: 

1. Security of operation, or a minimum danger from overheat- 

ing. 
2. Economical use of heat applisd. 

3. Provision for free expansicn. 

+ 4, Disposition so that it may be cut cut without interfering 

with the operation of the plant. 

5. Provision for keeping the tubes free from e00t and scale. 
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As cralngrily installed the indirectly fired superheater 

is subject to the fluctuating temperatures of the furnace so 

that forcing the boiler has a similar effect on the superheater. 

The present type of superheater is built of cold drawn 

seamless steel tubes bent in a U-shape and expanded into two 

wrought steel manifolde. The tubee are inclosed in heavy cast- 

iron rings shrunk onto them. The heatsr must be equipped with 

a safety valve and a means of flooding when the boilsre are 

being brought into operation. All of these characteristice make 

this type of supserhsater costly to build, while the life of one 

is only from eighteen tc thirty months. The cast-iron rings 

make the apparatue extremely hard to keep clean and the coef- 

ficient of heat transfer through such a thicknees of iron and 

steel is very small thus reducing the efficiency. 

The object of this experiment is twe-fold: 

1l. To devise a means of burning gae or oil directly in con- 

tact with the steam thus gecuring one hundred percent efficiency 

in heating and, 

2. To prove that a heater of this type is more economical 

than the one above described. of 

The equipment available for conducting these experiments is: 

A Went; horsepower return tubular boiler. 

A twenty-five horespower Corliss engine connectsd to a surface 

condenser. 

Alr pumpe for compressing the gas and.air necessary for com- 

bus tion, 
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Drawing No. l. is a layout of the equipment as installed. 

Steam is supplied to the superheater from the boiler and pasees 

from this directly to the engine. The engine is equipped with a 

prony brake for varying the load and consequently the amcunt of 

steam consumed. The condenser is arranged with two pairs of sce- 

les and two tanks for messuring continuously the amount of ste- 

am condensed. A throttling calorimeter ie inserted in the steam 

main just before it Antere the superheater for the purpose of 

determining the quality of the steam ae it Anters the heater 

and a thermometer is inserted at the outlet for determining the 

tempsrature of the steam as it leaves the superheater. One com- 

presscr © is used for compreeeing the necessary air for combustion 

and the other the inlet of which ies directly connected to the 

gas main ie used for compressing the fuel. Tn the case of the 

0il burner this compressor ie used for compreseing the air to 

force the oil through the burner or is cut out entirely and one 

compressor used for both purposes. 

Drawing Ho.2. hows the superheater in section. It consists 

of an cuter casihg made of 5" steel pipe onto one snd of which 

is screwed a flange and reducers. The other end ie reduced and 

connected direct to the engine. In the bushing at the head end 

1s screwéd a two inch pipe which extends not quite the full len- 

gth of the outer casing. Into the outer end of this bushing is 

screwsd another bushing and into this the burner, the tip of 

which extends about 12" intc the inner pipe in order that the 

flame will be located where it will be surrounded with live steam 

A spark plug ie screwed into the inner pips ae shown for ig- 

niting the fuel. 

Drawing No.3. is a detail of a gas burner designed and built 
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in the University machine shop. Detail No.l is a escticn of the 

gae nozzle, No.2 is a esction of the air chamber,¥o.3 the burn- 

er tip and No;4 the mixing cone. The fuel gas is fed through 

the nozzle and the air through the air chamber and mixing cone. 

The two are mixed and pass through a wire gauze to prevent back- 

firing, thence through the burner tip and burned in contact 

with the steam. The gas and air supply are controlled by valves 

‘connected in the fsed pipss outside the burner. A pointer is 

attached to each of the valves and the handle wheels are grad- 

uated so that the gas and air supply may be regulated for com- 

plete combustion. Theee graduations were made by removing the 

epark plug and adjusting the gas and air supply for complete 

combustion at different rates of fuel consumption. Thie may be 

checked by adjusting the supply s0 that the maximum temperature 

of the outgoing steam ie obtained. 

Drawing No.4 ie a cdetall of an oil burner dssigned at the 

University but wae nsver built because of lack of time. Detail : 

No.l ie the air chamber, No.2 the oil chambsr and No.3 a Venturi 

tube. Referring to the asssmbled drawing on the same sheet, the 

air is fed through the inner chamber and the Venturi tube. The 

giz enters the outer chamber and is fed through small nozzles 

in the Venturi tubes at right angles to ths direction of flow of 

the alr. The purpose of the Venturi tube is t¢ incrsass the ve- 

locity of the air at thse point where ths oil comes in contact 

with 1% and then to allow it to expand slightly thus aiding the 

atomization. It also causes a swirling of the atom ized fusl 

fusl producing a better mixtures. 
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