
G. H. BENJAMIN, 
REGENERATIVE GAs FORNAE, 

"at rit to bec. 19, 1908, atNew Eppo, , , 
Patented Feb. 8, 1910, 948,538. 

NVENTOR 

02/wo 
WITNESSES 

...N 'Assy's vaul. 

i 

(). 
; 

3. 

  



C.. H. BENJAMIN, 
ROENERATIVE (SAS FOR NACE, 

A . A (N Eu 11. 3. 30?, RENEW EU disc. 8, 00s. 

948,538. Patented Feb. 8, 1910 
3 SES-ST2 

S. SN IS a E. 
See z22 
ASSR Q f N S. S; s Šs seS3; 

S; : NS O NS N2 E. N SS S2: 
s S3. SSSSS s3. 

A. s S. ... --S4: 
2 K Y -- - ----- sees --it-i-E. %z. %f; 2. ze ST 2ZZ. N 

2 ...th S. SS %22zz2 S %Ni4Si2. 
22 NSS 
can Z. N 

2. m SEZs 1%N 
AE2 S Zima w on 2 Y 

Z meanini Z. s MA size zza 2. 1. 3s 
2 t 

" . " 2 NZ W zzzzzzzzé 
2.222 2 Q É. 

c5 & "... s. VS S5 N 

2 

% 3. 

Hist Heal-Ee 
WTNESSES: SN3 : Ž/ NVENTOR , 
say S&S - S. 

  

  

  

  

  



G, H, BENJAMN, 
REGENERATIVE CAS EURN ACE, 

APPLOAT of rii tu Dec. 19, 1900. EAEW ED DEC. c. 1909. 
948,538. Patented Feb. 8, 1910, 

career 

2 % %R. 

2: 

r . 2. 

AESH 3---------- t 
y EES 3. : :f3S2s2 s 3: rest? %. ! 
S EZ : 2Si2S 3. SN22 3: 
222. %E. s 222s. 3: 

N 

INVENTOR 

w 4ty ael 

  

  



s 

4. 

is 

UNITED STATES PATENT OFFICE. pass set-arrae asses ex. 

GEORGE: HLARD ENJA IN, OF NEW YORK, N. Y. 

RON. Nac, 

948,538. pelletion of otters a tent, Patented Feb. 8, 1910. 
Appliention fled Deannaber 19, 100, derial to, 3,500, Konawad Dae ember 1, 100, Sorial re. CO, 

Tuuluthon it may concern: 
Be it known that I, GEORGE LARD BEN 

JAMN, in itizen of the United States, re 
siding in the city, county, and State of New 
York, have invited certain new and useful Inprovenients in Regenerative Gas. Fur 
E. of which the following is a specifi 
A.O. is 

My, invention relates to a furnace of the 
type described in letters Patent No. 827,498, 
grinted to Ine on the 31st day of July, 1906, 
and consists in the means employed, whgreby 
A very high teiperature may be created and 
uniformly rai?itained within the furnace itructure and at , nich smaller expenditure 
of fuel than has heretofore been considered possible, 
The accompanying drawing vill serve 

to illustrate my invention, in which Figure 1 is a plan view of the furnace 
structure, with regenerative chambers 
punps, pipe, etc. Fig. 2 is an elevation and 
Wertical retion, looking from the righton 
line 2, 2, of Fig. 1 
on line 8, 8, of E. 1, looking from the 
botton of the sheet, Fir. 4 is a vertical soc 
tion, on the line 4, 4 of Fig, looking from 
the bottom of the sheet and Fig. 6 in ver. 
tical section of a modified form of furnace 
chnnaber, taken at right angle to the section 
hown in Fig. 2, and showing the bottom of 

the furnace in the lowest position, also the device for moving the carriage on and of 
of the furnace bottom. s' a 

Referring to the drawings: 5 indicates 
the furnace. The furnace consists substan tilly of a topportion side portion, and 
a botton portion 8. The top and sides are 

rtially closed to the "atmosphere, in order 
hat the furnac chamber may be maintained 
full of flame. The botton portion 8 is vers tically movable by peans of the hydraulie 

and also be rotated 
he instrumentality of the power shaft 0 
nd and the interpied pairs of gear 19, 

13. The particular contriction of the fur nace considered apart from the heating ap us forganopart of my present inven 
Fig. modified form of the furnace 

is own. The form shown in Fig. 2 in that 
of in open furnace, while the form shown 
in Fig. 5 is that of a mu?e furnace, 
Surrounding the exterior of the furn nee 
two fuel in 14 . The future illustrated as forined of iron pipe. They 

Fig. 8 is a vertical section 

may if desired, be formed within the wills, 
of the furnacc chanber. These flues are 
provided with ports or burner openings 10, 
17. In Fig. 1, have shown three burne Sp 
operlings or ench full ?lue. The number of 
birner openings is immateria, I prefer to 
irrpage chen, however, equi-distant, around 
the furnace. 
To convey away the products of combus. S 

tion fron, the furnace, an exit fue 18 is pro 
vided. This ?tue communicates with pairs of 
the regenerators 20, x1 or 93, 3, a the can 
maybe. The producti of combination ing through the regenerators are car 
by the strick 19, 

20, 22, are gas regenerators, 21, 28 air re 
generators, Each of there regeneratorsoon 
sists of a checker-work 24 and a serien of 

of 70 

vertical s 25. The pipeg 25 communi 78 
cate at their lower ends with chambers 96 
and at their apper ends with chambers . 
The churnber 26 of the regenerator 20 in 

contiece through a pipe 28, and the cham 
ber 87 of the regeneritor 22, through a pipi A0 
39 yth a pipe 30 connected to the duction 
orifice 31 off gas PR 9, which pump 
is connected through its induction to 
a gas producer, not shown, which pro 
ducer should be of a apable of ea- a 
erating a gas high in hydrogen and ea 
In the pipes 28, 29 are the controlling valvus 
34, 35. 

the chamber 27 at the top of the gas 
generator 20 is treets through pipes, to 
ind the chamber 27 at the top of the gas nerator 22 through a pipe 9 to a pipe 40, 
eading to the upper fuelle 14 surround 
ing the furnace, and also through a branc 
pipe 41 to the lower fuel flue is rurround 8 in the furnace, in the pipes 88, 89, and 
4 are the controlling valves, 48 . 
The chamber 23 at the botton of the air 

renerator 21 is, tornetted through a pi S 
and the chanirs At the bottda 108 air regenerator 23, through , pipe 48 a 

ipo?, leading front ediction orien 
of air pump 49. The pipe 4 is con 

nected to the fuel flues 14, 16. In the pi 
45, 46, 47 are the controlling valves OS 
51, 592. 8 

rhe chamber 27 at the top of the air re 
enerator 21 is connected through a pi 
3, and the sh at the to l regenerator 23, through a pipe A pipe 
E. E. flies 14, 15. In 
pipes 53, 3- are the controlling valveats0,67. 
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It will be readily understood that by up. 
Lipulating the various controlling valves 
the fuel flies 14, 15, may be fed with heated 
air, or with heated gas and air, or with cold 
air or with cold gas and air, as may be 
desired; and further, one or both of the full fuel Abiy be operate is required. 
Situated in this exit flair 8 if it butterfly 

valve 58, and on the outside of the furnace 
is a handle 59, by means of which the posi 
tion of this valve may be changed so is to 
throw the products of colnbustión either 
through the regenerators 21, 20, or 23, 22, 

, as desired, and as is listial in regenerative 
5 

25 

40 

5 

50 
of the 

55 
lent 

80 

83 

furnace operations, 
In order to control the gasniid aii', ''gri 

lating valves, are provided for the pinput, 
The y valve for the gas pinp goi 
sists of diaphragm (), which contriplu by-pass 91. The regulating, valve of the 
air pump consists of a weighted valve $2. 
Theig pimp being old, no further let'rip 
tion is i. In practice prefer that the gas be de. 
v at a pressure of 1 pounds to the 

square inch and air at 1 pound to the 
square inch, as in practice it has been den 
pistrated that if water gas and air red: 
liverd and mixed at the pressures indicated 
and then ignited, the resulting tenpernture 
will be very high. 

Situated on the movable bottom of the 
furnace 3 is a carriage 83, through which 
the article to be heated, 64, may be noved 
into and out of the furnace by neath of the 
hydraulic device 65, Fig, 1 and 3. In the 
iodification showu in Fig. 5, the article 04 

to be heated will beinclosed by a muffle (9. The operation of the furnace will be 
readily understood. The gas delivered by pump.32 pass through pipe 30, thence by 
ipe 29 to the botton of the gas regenerator 

s than u s t this 
generator to the pi 9 a. p 9 
to pipe 40 to fuel 14, 15. ir de 
livered . EP 49 passes through r 47 
to pipe 46, then up ch tube 25 of this regenerator to pipe B4 by pipe 55 to fuel 
flues 14, 15, that is, supposing the variotis 
valves are to arranged to permit the fluw 

gas and air in the direction indicated This direction is indicated by the position 
of the valves in the drawing, while the possi 
tion of the butterfly valve 68 indicates that 
tle regenerators 2021, are at the time bling 

EF by the outgoing products of 'olnbus 
tion. After a given time, as is usial in 
regenerative furnaces, tho position of the 
butterfly valve is changed to divert lie out 
going products of combustion ground the 
regenerator's 22, 23. Sinyilarly, the posi 
tion of various valves will be changel to 
turn tigas all air, through regeneritor 
20, 21. lipes 30 and $() are connected ty 
means of a pipe 65 in which is a valve i. 

A before stated, by in pulling the valves, including the salve 44, in the branch 
pipc. 41, or valve 8 in fuel flue 14, the in 
(). 

livered hot, or 'old to one or the other or 
lot of the fiel flies 14, 15. 

3y eu of the strue tiri: describiel, a e's rently high leinprinti ri" inny be ch 
tnine.d. l annot able at the prehel it monent 
tu state the reasons for the high temperature 
ulbtained. The practical fact, however, re. 
mains that not withstanding that the gas en 
played, which is known a' Dowson's gas," 
ontains very few heat unit, estinated at 

35 I. T. U., ; lic teiperature obtained with 
it the furn: 'i' is considerhilly higher than 
cat x obti it'? with the ri:hist curbon pro 
tducer gas. teaperature of fron 3,000 to 

st retail. i. of gas and air may be le. 

75 

O 

40) legies. Falai'enheit can be generited 
within the fit "nice listerited in leuthan tone 
initiate, Nick", which retires 3,000 de gre's tempera tire, i, xen ified in le. 
that ten finites; wrought iron, which re 
quires 2,800 degrees, in less than three min 
its, and copper, which requires 800 degrees 
in less than one minute. So far as appli 
cant can discover the high temperature ap 
pears to be due to the fict that a very ?mall qugntity, of Air, legs than is usually, sm played, is required to prongte combintignps 

wish it understood that I do not in any wise consider it necessary that should ex 
plain, the reason why the high temperature 
is produced, and therefore, do not wish to 
be limited to any explanation. 
deavor has beer made by carefully eon 
ducted tests, analyses of the gases prior to 
and after combustion, registry of temper 
ture with pyrometer, "E's exami 
nations, aid the like, for the purpose of deterruining the theoretical considerations, 
but so far without result. 
The gas employed, as before stated, is a 

cheap carbon hydrogen semi-water gas, which 
ca' 6e produced at a cost not to exceed two 
cent per thousand feet. A characteristic resulting from, the employment of thin na 
under the condition stated, is that 
finnes agreen tinge and the temperature 
is not toltained as in ordinary furnaced by 
accumulation or storage of hit, but attain in Inaxim, in value practically instantana 
ously. This latter finit is of much practical 
vali in the construction of furnaces, in 
that the opera' ions within the furnace are 
conducted so rapidly that né destruction of 
the walls by the high temperature produced 
takes place, s 

wish it under tox) that the drawin 
ae'on lying this application are largely 
diagranatic and intended to illustrate the ge:oral relation of parts employed, thus 
it hay tsi ty or pump, ny type of re 
aierator, ?iny, form of connections between 

the regenerator and the furnace. I may 
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increase or decrease the size of the pipes. the heated gas and air at the combustion 
The exit file for the products of conbisfion chanber ail effecting its instantaneous 35 
is shown in the drawings as inch larger combustion therein. than would le required in practice, as the 4. In a furnace structure and in combina: 

, Illi?int of carbon dioxid delivered from the tion with the furnace chamber, two sets of 
firince is mush smaller, than the cotinbined fuel burners located at different levels there Yulie of carbon dioxid and litrogel us in, reversible gas and air regenerator, 40 
ally ("Inveyed from sitch furnaces through means for furcing gas and air through sai 
th regenerators, regenerators to said burners, and means for 

Aving thus luscribed inty invention, I controlling the action of the burners, 
(lain: h. in frnate structure and in combin 

1. ) furnice structure and in eolibi. tion with the furnace chamber, burners in 48 
nation with the coalition cliniller hereof, hail clianler, iiietans for feeding said burn 
Jean for delivering gas and gir into hide's with hot is aid hot air under pressure, 
haber under pressure in for electing or it air ad cold gas under pressure, u 
instaintaneotis collabustion (lierein. 3. 

2. In a furnince structure and in cunnlina 
tion with the combustion chamber thereof, eversible gas and air regenerator, means for 
forcing gris and air separately through haid 
legritors, and link for Initing the gig 

It air at the cIIIllustion challer and 
effecting its instniitaneous conibustion 
therein. 

8. In n furnace struuture and in conbina 
tion with the conibustion chainber thereof, a pair of gas regenerators, a pair of air regenerator, inenii for causing the products | 
of 'illistion to alternately heat ulie air 'generati' and blic gas regenerator, means 
for forcing gaseous fuel through a heated 
gas regenei'ator and air through a heated 
air regenerator, and neans for combining 

cold air and hot gas under pressure, or cold 
gus and cold air under pressure, as desired. 80 

(i. In a furnace structure and in combina 
tion with the furnace chamber, reversiblu gas and air regenerators, a gas pump, an 
air pimp, lei is for E. the pres: 
sures of the gas and air delivere from said sis 
puith, burne's in said furnace chambers, together with valves for controlling the 
temperuture of the gas and air delivered, 
and the direction of the products of cum 
bustion through the regenerators, 0 

in testimony will I afix my sinature, 
in the presence of two witnesses. 

(EORGE AR) NJA, 
Witnesses: 

FRANK O'CoNNox, 
FREDERIck A. Blountr. 


