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1,948,587 
heatingthe boiler water,?n such case,I may 
admix the exhaust gaSes of the driving engine 
with the exhaust gases coming from the heat 
exchangerand utilizethe mixture of theSegaSes 
for preheating purposes in econom?ers Or the 
ike, A steam generator embodying theSefeatureS 
is shown?in Figs?2 to 6,The generator COm? 
prisesapressure-proof combustion chamber CaS 
ing41 ofsteelorsimilar pressureproof material. 
The upper end of thecombustion chamber cas 
ing41 is provided with a Water outlet he8d 42 
and the lower end of the,combuston chamber 
casing is provided with a,Water inlet head 43? 
The chamber41islinedalongitscircumference 
with a,1ayer of longitudinaly extending Water 
tubes44 havingtheirupperandlowerendstight 
1ysecured within suitable openings in the water 
outlet chamber 42 and water inlet Chamber?43, 
Pespectively,The watertubes44are preferably 
slightly bent So asto flexandadjust themSelVeS 
in place in accordance with temperature Condi? 
tions without introducing excessive strains into 
the ConstructionandWithout breakinglOOSe?rom 
their C0nnectionS? - 
Thewaterinletchamber43isof annular Shape 

8nd hasits inner WalHarranged to form an Up?? 
wardly tapering inlet 45 into the Combustion 
chamber41?At the lower endof theinletthere 
ismountedaburner46at whichthecombustble mixtureissubjected to combustion.°The com 
bustion mixture may,for instance,be prOVided 
by a mixture of Compressedair Supplied from 8 
compressor478nd füel Supplied bya fuel pump 
48,As in the structure shown in Fig?1,the 
burner,46 may be constructedin the form 0f the 
burners developed for use in constant preSSure 
Combustion turbines,as deSCribed,for inStanCe 
in the book of A?8t0dola On“Steam 8nd COm? 
bustionTurbines”,publishedin1927by McGraw? 

?Hil1Company,New York. 
The wateroutlet chamber 42 may likeWiSe be 

of annular form and is provided at the loWer 
end of inner Wail With arow of openingS5l tG 
Which are tightly Secured the Upper ends of 8 
seriesofgasdischarge pipesornozzles52?TheSe 
gasdischargepipes or nozzlesextend downward? 
lythroughthewatertubes44andare Connected 
at their lower ends to an annular gas outlet 
chamber53,havingan exhaust opening541ead? 
ingto anexhaustduct55. Overthe center open 
ing oftheannularwateroutietchamberismount 
eda Superheater head56 which carriesa,SyStem 
of Superheater pipes 57 to Which steam that iS 
to be superheatedisadmittedthrough the inlet 
chamber 58and from which Superheated steam 
fows through the outlet chamber 59 into the 
supplyline60Which deliversitto the load,Such 
as steam turbines of apower plant? 
The interior of the Water outlet head 42 iS 

connected toasteam collecting vessel,Such as 8 
separatordrum61?Waterthatisnearthevapor? 
izing temperature is cirCulated by pump 62 
throughpipe63byway ofthewaterinletchamber 
43and caused to fow_upwardy through the 
watertubes44andthenthrough the water outlet 
chamber42 by way of pipe64into the drum 61… 
Feedwater may bedirectlyadmittedto drum 61 
by feed Water pipe 65,The combustion gases 
Which are developed Under presSure Within the 
enclosed combustion chamber 41 are discharged 
throughgasoutietpipes52inthe directionoppo 
sitetothe direction ofthe flow ofthe waterin 
the water tubes 44,the gases being discharged 

3 
exchangeasexplainedbefore?TheexhaustgaSes 
leavethe boiler through the exhaust opening54 
andare usedfor preheatingthe feed Water, 
The Water tubes With the gas discharge pipeS 

extendingtherethrough may bearranged in the 
formas shown in Fig.4 Where a singlegas diS 
charge pipe extends through the length of the 
watertube;orthey maybearrangedasshownin 
Fig,5 Where Several gaS diSCharge tubeS 71 are 
nestedina·single Water tube 72,therebyforcing 
the Water toCirCulate in thin layersandinCreaS? 
ing the rate of steam generation,Another ad? 
vantageous arrangement is shown in Fig,6 
Wherein three ConCentric tUbes 74,75,76 are 
arranged One Within the other,the Water being 
circulatedthroughtheinnertube74andthespace 
between the outertube 768ndtheintermediate 
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tube 75,while thegasis discharged through the 
concentric space between the inner tube 74 and 
the intermediate tube 75? * 
Thegas dischargetubes ofthe arrangements 

describedabove have their CroSS-SectionSSuitably 
designed soastosecurethe desiredvelocity of 
gasfow in order togivethe most faVorable Con 
ditions of heat exchange?The diferent portionS 
of the gas discharge tubes may be of diferent 
cross-section inaccordancewith the Specific Vol? 
Ume ofthe exhaustgaSesandthediferent ValueS 
ofthe flow velocities,ThismaybeSecuredeither 
by connecting tubes of diferent CroSS-Section to 
each other or by restricting the Cross-Section of 
agiven.tube,8s?y pressingit ?at,S0 that One 
end aSSumes an oval croSS-Section,3S.shown in 
?gs,? to 9, 
,The Utization of individual boiler tubes Or 
vap0rizers,8Sillustratedin ?g.2,makeSit p0S 
sible-to employ these tubesas a lining for the 
combustion chamberso asto make it 8ltogether 
unnecessaryto provide 8,separate fire-proof in? 
sulatingliningfor the combustion Chamber or t0 
permit the utilization of a,thinner insulating 
lining 77? 
The compressor 47for supplyingthe CombUS 

tion airat a high pressUre and impart t0 the 
combustion gases a high velocity through the 
heatertubes52 forSecuringa,high rate of Ste8m 
generation may be driven byan auxiliary Steam 
tUrbine 8i? 
receiye driving steam through pipe84 from the 
supplypipe 60,Thesteam turbine81 is prefer 
8bly operatedasan extraction and back preSSure 
turbine,and may be utilizedalsofor drivingthe 
water pump 62andthe fuelpump 48,The feed 
Water from SUpply pipe 85is heatedin the pre? 
heater,86 by steam extracted from turbine 81 
throughtap 87,andthen again preheatedin the 
Second preheater88bythe exhaustSteam C0ming 
from the turbine through exhaust pipe 89,The 
steam is condensed by the water in the pre? 
heaters86,88 and the preheated water is led 
through pipe 90 t0 the Water pUmp 62 and 8d? 
mixedtothe water circulated bythe pump,In 
this wayall the heat of the Supplied Steam that 
isnotutilizedin compreSSingthe air bythe COm? 
pressorisreturned to thefeedwater andapplied 
forsteamgeneration, - 
The compressor 47 may,also be driven by an 

auxiliary piston?type explosion motor 91,The 
·exhaust gases of the explosion motor 91 are led 
throughpipe92tothe exhaust duct55andad 
Imixed With the exhaustgaSes from the heat ex? 
changergastubes 52,Afeedwater preheater 
93 providedinthe outlet duct55conveystherem? 
“nant heat in the exhaust gaSeS from the heater 
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Theturbine 81 maybearranged t0? 
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athigh velocitytosecurethehighrate ofheat-tubes52andtheexplosion motor91tothefeed? 
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water which fows from the Suppy pipe 85, 
through pipe 94,the preheater 93and pipe 95tO 
the waterpump 62,beingadmitted t0the Water 
CirCulated through the WatertubeS44?The eX? 
plosion motor 91 is preferably arranged t0 be 
ChargedunderpreSSure,beingSuppliedWithCOm? 
preSSed air through pipe 99 ieading frOIQ COnl? 
pressor47and withfuelthrough pipe100 leading 
from fuel pump 48,The heat Cycle Of the eX? 
plosion motor82.isthuslikewiseinterlinked With 
the heat cycle of the steam generator,the heat 
not utilizedinthe motor beingapplied forraiS? 
ing the temperature of the Water that is 
evagorated, 

Theinvention of the present applicationis di? 
rected to the features disclosed and Claimed 
herein involving the utilization of CompreSSed 
h?h-temperaturecombustiongasesforimparting 
t0thegaSesa high Velocity and thereby SeCuring 
high transfer of heat to a,Vaporizable SubStanCe 
andgeneration of vapor,and more particularly 
the USe of Continuous compression and COmbUS? 
tion for the operation of the generator,The 
Steam generator apparatus and operation diS 
cioSed aboVe in Connection With the exemplifiCa? 
tion Of the foregoing inVention emb0dieS many? 
Other novelfeatures relatingto the utilization Of? 
high Velocity Compressed Combustion for Steam 
generation as deSCribed and Claimed in my C0? 
pendingapplications,Serial No.333,453filed Jan 
uary18,1929,Serial No,343,745fied March 1, 
1929,Serial No.343,746filed March 1,1929,Se 
rial No.375,138filed July1,1929,andSerial No. 
419,026filed January 7,1930. 
The various apparatus and mechanismS and 

the detaisof operationto which?referredaboVe 
in deSCribing my inventionare intended Only aS 
exemplifications,as many modifications and 
Variationsthereof may beutilizedin Carrying Out 
the principles of my invention,I aCCordingly 
desirethat the appended claims begiven a broad 
construction commensurate with the SCOpe of the 
invention withintheart,Thetermssteam,Steam 
generatingfiuidandSteam·generation aSUSedin 
describing the practical exemplifications of my 
invention refer not only to steam generated by 
heating water Which is chiefy employed in all 
vapor powerplantsat present,butasuSedinthe 
Specification and claimsare intended to include 
broadly all other equivalent Vaporizable liquids 
suitableforvaporizationbyheatconveyedthereto 
andforutilizationasa power medium… 
?claimas myinvention: 
??A Steam generator comprising a,preSSure? 

pro0f Combustion chamber,meansincluding COm? 
preSSOr meanS for Continuot1sly Supplyinga COm? 
bustibiecharge ofapredeterminedpressurerange 
to Said ChamberandforSubjectingSaidChargeto 
Continuous combustion therein at the SUpplied 
preSSure,a heatexchanger havinggas discharge 
ductSCOnnectedto Said Combustionchamber pr0? 
portionedandCOnStructedto CauSethe preSSUre0f 
the hot Combustiongasesinsaidchamberto drive 
Said combustion gases through Said ducts at a 

? velocity ofabout200meterspersecondor more, 
and meansfor passingasteam generating,fuid 
t0 be heatedaround SaidductS. - 
2.A steam generator comprising a,preSSure 

proof combustion chamber,a,gasoutlet member, 
aheatexchanger havingductsconnectedbetween 
Said Combustion Chamber and Said OUtlet mem? 
berto dischargehotgaSesof combustionfrOm Said 
chamber,means forpassingasteamgenerating 
fuidtobeheatedaroundsaid ducts,and means including CompreSSOrmeansfor Continuously Sup? 

plying a,combustible charge of a predetermined 
preSSure range to Said chamberand for Subject? 
ingSaid Chargetocontinuous Combustion therein 
at the Supplied preSSure,the preSSUre of the h0t 
COmbustiongasesin Said Chamberand Said duCtS 
being prop0rtionedand ConStructedin Such rela 
tiOnt0the pre3Sure COnditionsinSaid Outlet mem 
berast0CausesaidCombustiongaSeSto be driVen 
bytheir pressurethrough Saidductsata Velocity 
Of8b0Ut 200 meters per SeCOnd Or higher, 
3,A Steam generator Comprising a,preSSure 

proOf CombUStion chamber,means including & 
CompreSSOr forCOntinu0USlySUpplyinga COmbUS 
tiblecharge ofapredetermined pressurerangeto 
Said Chamber and for Subjecting Said Charge t0 
COntinUOUS Combustion therein at the Supplied 
preSSUre,a heat exchanger havinggaSdischarge 
dUCtSCOnneCted t0Said COmbUStion Charaber pr0? 
portionedand Constructed t0CauSe the preSSure 
ofthe hot combustiongasesin Said chamber to 
drive Said CombUstion gaSes throUgh Said ductS 
at a Velocity of about 200 meters per SeCOnd Or 
more,meansforpassingasteamgeneratingfuid 
to be heated arOUnd Said ductS,heat?energized 
motor means for driving Said compressor,and 
meanSinterlinking the heat Cycle Of Said mot0r 
means with the heat Cycle Of SaidSteam gener… 
atOr delivering theret0 heat from Said motor 
rneans not utilizedin compreSsing work? 
4?A Steam generator comprising a,preSSure 

pr00f COmbUStionchamber,meansincluding Com? 
preSSOr meansforCOntinUOUSlySupplyinga Com 
bustible charge ofapredetermined pressurerange 
t0Said chamber and for Subjecting Said charge 
t0COntinUOUSC0mbUStion thereinat the Supplied 
preSSUre,a heatexchanger haVinggas diScharge 
ductSCOnnected to SaidCombustion Chamber pr0? 
p0rtioned and C0nstructed t0CaUSe the preSSure 
of the hot combustiongasesin Said chamber to 
drive SaidCOmbustiongaSesthrough SaidductSat 
avelocity of about200 meterspersecondor more, 
and meanSfor paSSingasteamgeneratingfiuidto 
be heatedaroundSaid ductSina direction opp0 
siteto the direction ofthegasflowin Saidducts, 
5.A Steam generator Comprising a preSSure 

pr00fc0mbustionchamber,meansincluding Com? 
DreSSOrmeans for ContinUOUSly Supplying 8 C0m? 
bustiblechargeofapredeterminedpressurerange 
t0 Said chamber and for Subjecting Said Charge 
to Contint10USCOmbustion therein at the Supplied 
preSSUre,8 heatexchanger havinggas discharge 
ductsConnected to SaidCombustion Chamber pro 
portionedand COnStructed to Cause the preSSure 
0f the hot COmbustion gaSesin Said chamberto 
drive Said combustiongases through Said ducts? 
at a Velocity of about 200 meters per Second or 
more,asteamSeparator VesSel,tubularenclosure 
means SUrroUnding Said ducts C0nnected to Said 
SeparatOr,and meanS for driving 8,preheated 
Steam generating fuid through Said enclosure 
ImeanStoSaidSeparatOr? ? - 

6,A Steam generatOr COmprising,a,preSSure 
pr00f Combustionchamber,meansincludingcom 
preSSOrmeans for COntinuouslySupplyinga com 
bustible charge of a,predetermined pressure 
range to Said chamber and for subjecting Said 
Charge tO COntinuOUS COmbUStion thereinat the 
Supplied presSure,a heat exchanger havinga 
purality ofgas dischargetubesconnectedtosaid 
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Combustion chamber proportioned and con-, 
Structedto Causethe presSure ofthe hot combus 
tiongaSeSin Saidchamberto drive Said combus 
tion gases through Said ducts at a velocity of 
about 200 meters per Second or more,a steam 
Separator VeSSel,8 plurality of fuidtubes sur 
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zoundingsaidgastubesand connectedtosaid 
Separator,8nd means for driving 8 preheated 
Ste8m generating fiuidthrOugh Said fiuid tubeS 

·to Said Separat0r,Said füid tubes With the gaS 
tubesintheinteriorthereof being dispoSedwith? 
in Said combustion Chamber along the WalS 
there0f8S heat pr0tectiontherefor, · 
7?A Steam generator Comprising a,preSSure 

?00f CombustioQ chamber,meamS including a 
Compressorfor öontinuousySUpplyingaCOmbUS 
tible charge Of a,predetermined preSSUre range 
to Said chamber and f0r Subjecting Said charge 
tocontinuous combustionthereinatthe SUpplied 
preSSUre,8 heat exchanger haVinggas diSCharge 
dUCtSCOnnectedtCSaid Combustion Chamberand, 
8Yrangedto CaUSethe preSSure0fthe hotCOmbUS 
tion gasesin Saidchamberto drive Said combus? 
tion g8Ses throUgh Said dUCts at 8,VeloCity Of, 
3boüt 200 meters per SeCOnd Or QOre,a,Ste8? 
Separator Vessel,tUbular encloSure means SUr 
roUnding SaiddUcts Connected to Said SeparatOr, 
meams for driving a preheated Steamgenerating 
?uid through SaidencloStre to Said Separator, 
heat-energizedymotor meansfordrivingSaidCOKQ 
preSSOr,and meansinterlinkingthe heat Cycle of 
said motor meanswith the heat cycle of Said 
steam generator delivering to the fiuid driven 
through Saidenclosure means heat SUpplied to 
Said motor ?leansbüt not Utilizedin COmpreSSing 
WOrk? 
8?Asteam generatoy Comprising 8,preSSUYe 

?roof combustion Chamber,a,gaS Outlet member, 
a,heat exchanger having ducts connected be 
tween Said CombUStion Chamber and Said Outlet 
membertodschargehotgasesofcombustionfrom 
88idCh8mber,me8nsfor p88Sing8Steamgenerat 
ing fuid t0 be ?eated BYOUnd Said dUCtS,8nd 
means including compresSor means for Contin 
uoUsysuppyingtosaidchambera combustible 
charge of agredetermined preSSurerangeatieaSt 
1?timesgreaterthanthepressurein Saidoutlet 
DQember 8nd for Subjecting S8id Charge t0 COm 
bustioninsaid chamberat the SuppliedpreSSure? 
Said dücts being Constructed 8nd prop0rtiOned 
to caUsethe preSSure of the CombustiongaSeSiQ 
88id chamber to drive the gaSes through Said 
ductsataVelocity of8bout200Yneters perSecond 
or higher? - - 

9,Aste8mgener8t0°COmprising 8,preSSUre 
Qroof combustion chamber,meansincludingCOm 
Dressor meanssUpplying&combustiblecharge o? 
a,predetermined pressUre rangeto Said chamber 
and for subjecting Said charge to combustion 8t 
the Supplied preSSure in Said chamber,8nd heat 
exchanger meansforholdingasteamgenerating 
fiüidand haVing he8tingSurfacesCOnstitutinggaS 
dscharge ducts connected to said combustion 
chamber prop0rtioned 8nd Constructed t0 CaUSe 
the pressure of the hot combustiongaSesin Said 
chambertodrivesaidcombustiongasesthrough 
said ductsata,velocity of about200 meters per 
SeCOnd OrmOre? 
10,Asteam generator c0mprising a preSSUre 

proof combustion chamber,meanS”including a, 
compressor supplying8 combustible charge of a 
predetermined preSSure range t0 Said Chamber 
and for subjecting said charge to combustion 
underpressureinSaidchamber,a heatexchanger 
meansfor holdingasteam generating fluidand 
having heating Surfaces Constituting gaS dis? 
chargeductsconnectedtoSaid COmbustion Cham? 
ber proportioned and constructed to Cause the 
nressure offthe hot combustion gaSes in Said 
chamberto drivesaid combustion gaSesthrough 
said ducts at a Velocity of about 200 meters per 

Secondor more,heat-energized motor means for 
driving Said CompreSSOr,and meanSinterlinking 
the heat Cycle of Said motor?means with the 
heat Cycle of Said Steam generatOr delivering 
thereto heat Supplied to Said motor means but 
not Utilizedin COmpreSSing WOrk? 
?l?ASteamgeneratOr Comprising a preSSUYe? 

pr00f C0mbUStion Chamber,meanSinCludingC0m 
preSSOr meansforContinuouslySUpplyingac0m 
bustible Charge of a,predetermined preSSUre 
range to Said chamber and for Subjecting Said 
Charge t0 COntinuoUS CombUStion therein at the 
SUpplied preSSure,a,heat exchanger haVing 8 
plurality Of gas diSCharge tubes Connected t0 
Said COmbUstion chamber proportioned and Con 
StruCted tO CaUSe the preSSUre Of the h0t C0?n 
bUStiongaSeSin SaidChamberto drive Said c0m 
bUStiOng8SeSthrOugh Said dUCts 8t8VeloCity 0f 
abOUt 200 meterS per SeCOnd Or more,8 Steam 
Separator veSSel,8,plurality of fiuid tubes SUY 
YOUnding Said gaS tubes and ConneCted to Said 
Sep8ratOr,means for driving8 preheated Steam 
generating fluidthrOUgh SaidfiuidtUbes t0Said 
SeparatOr,Said fluid tubes With the g8s tubBS 
in the interior thereof being disposed Within 
Said Combustion Chamber alongthe Wallsthere0f 
as heat-protection therefor,and Superheater 
tubesextendingthrough Saidchamber for Super 
HeatingSteam frOm Said Separatog yeSSel? 
.12?The method ofgenerating steam for sup-105 

Plying 8 Steam ConSumingload which comprises 
COmpreSSing 8,gaSeOUS b0dy and for?ning therB 
With a,COmbUStible charge of SUbstanti8? raised 
preSSUre,Subjecting Said CombUStible charge to 
Combustion under raised preSSure,andapplying ??0 
the preSSUr60f the C0mpreSSed hot C0mbustion 
gaSes for imparting to S8idgaSes a,Velocity of 
abOUt 200 meters per SeCond Or more along a, 
heatexchange Surface Separatingthegases from 
a Steamgeneratingfuidtotransfer heatthereto ?? 
andgenerate Steam? 
13?The method ofgeneratingsteam forsUp 

plyinga,Steam COnSUmingload Which Comprises 
applying heat energy for COmpreSSing ag8SeouS 
body andformingtherewithaCombustiblecharge 
Of SubStantial raiSed preSSUre,SUbjecting Said 
COmbUStible Charge t0 C0mbustion Under raised 
preSSUre,applying the presSure of the com 
preSSed hot COmbustion gaSes for imparting 
tO Said?g8SeS a,Velocity of aboUt 200 me??25 
ters per Second or more along heat exchange 
SUrfaCeSSeparating thegaSeSfrom 8 Steam gen? 
erating fluid t0 transfer heat thereto andgen-“ 
eratesteam,and deliveringpart ofthe heatap 
plied to COmpreSSingSaid Charge but not Utilized130 
incompressingworktothesteamgeneratingfuid 
for preheatingthe Same? · 
14?The method of generating steam for Sup 

plying a,Steam COnSuming load Which Comprises 
applyinga heat motorfordriyingacompreSSOrt0135 
compressagaseous bodyandform therewitha? 
COmbustible charge Of Substantial raised pres 
Sure,Subjecting Said C0mbustible Charge t0 Com 
bustion underraiSed preSSure,applyingthe pres 
Sure of the compressed hot combustiongases for140 
impartingto Saidgases a,velocity of about 200 
meterSper SeCOnd or morealong heat exchange 
SurfaceSSeparatingthegaSesfromasteam gen 
eratingfiuidtotransfer heattheretoandgenerate? 
steam,and deliveringpart ofthe heatsuppliedto 145 
Said heat motor but not utizedin compressing 
Worktothesteamgeneratingfiuidfor preheating 
the Same? · - 

15?The method of generatingsteam for sup 
plyingasteam consuming10adwhich comprises150 
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