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LDWARD P. NOYES OF WINCHESTER MASSACHUSETTS

_ GONTINUOUS, GOMBUSTION APPABATUB.'- S _' L

‘No. 864,183,

Spemﬁmtmn of Letters Patent |
Applmatmn ﬁled October 9 1905. Banal No. 281,934

Pa.tente.d-'_Aug". 27,' 1,.907. -

To all whom it may concern:

-~ the United States, r{'ﬁldmg at Winchester, in the county

of Muldlvw}i and State of Massachuaottﬁ have invented

certain new and useful Impmvements in Continuous

“Combustion "Generating and Controlling . Appamtus

- of which the following specification and accompany-

10

‘ing drawings illustrate the 151w=ntlon in a form which I
now regard as the best: (mt of th(, various fOl‘lIIB 1n w]ug‘h )
1t may be embodied. | | S

-This invention relates to a.pparatus for drwmg 2 Mmo-

tor by continious combustion under constant pressure

 with an mtaml—comlmstlon bumur lnmtod at a suit-

15

o2

able point anterior to the motor.

In Patents N umlwr;:; 588178 and 588 2‘):‘. gmntvd to

Sidney A. Reeve,and in various joint *md several ap-

- plications of said Reeve. apd myself, including co-
~ pending applications filed by me Serial Nos. 736,588

- 20

29

and 275,861, is dvqcnhul a Ryste m of this general char-,

acter mcludmg an internal continuous-combustion con- |
| sf‘mt-presaur(, generator lmvmg a pool of

rized by the products of combustion to create a body
of mixed steam and gases which passes to tho tngmo
and operates the latter. |

- The present invention desls especnlly mth the con-.

qtructum of a novel form of gener‘ttnr for such systems

- and with the novel regulation and control of combus-

35

tion and supcrheating both within the gvmratc}r and
at a distant pmnt nearer to the motor, oT in tho course

of the fluid passing thrmlgh the motor.

Referring to the drawings, Figure 1 repreqonts a dia-~

- grammatic vlvvauun of continuous-combustion appa-
" ratus embodying my invention, Fig. 2 represents a ver-

tical section of ithe gt*-nerator I‘Ig_ 3 represents a side
clevation thereof, partly in section, looking at right-

—angles to. Ihg. 2, I‘lg 4 represents a scetion of the upper

40

end of the combustion-tube, Fig. 5 represents a section

~an axial sec tion of the water-spray nﬂzzlo in the gen-

50

~ crator, Fig. 12 represents a view partly in scction of
- 45

the preqqurv-lmhm*{* moechanism for the rcheating

burner, Fig. 13 represents a vertical section of the dis-:
tant superheating burner, Fig. 14 represents a section
on the line 14—14 of Fig. 13, Figs. 15 and 16 reprvqent

details of the cone-valve in Emd superheater.

The same rvferencc eharacters mdlcate the same
parts 1n all the views. Lo

In the drawmgs 20 indicates 2 constant—pressure gen—
erator having a burner 21 and regulating valve-mcch-

anism 22 at the upper end and a water-pot or cool-

D9

ing chamber 2& at the lower end. The engine or mo-
“tor receives a motive fluid. composcd of steam and

water vapo-

- prﬁducts of mmlmﬁuun through a tmnk-—-plpo 24.
-~ Be it known that I, Ebwarp P. NovEs, a citizen of

The motor 18 shown in two forms, viz: First, a com-
pound reciproc atmg engine 25 driving a twolstage re-

ciprocaling ‘ur-('mn}}roqsur 26 and a two-stage rec 1pro- .
cating gas-compressor 27 which supply mmprvsﬂod.

60

air and gas to the generator 20 through an air-pipc 28

and g gas-pipe 29, and secondly, a’compound turbine
30 having a hlgh-prvqauw department 31 and a Jow-

pressure department 32, the two engines being supplied
| in parallel through the hmm T pipes 33 34.
35 also Ieads to the motor-cylinder ol a pump 36 for sup- -
plying feed-water under pressure to the generator 20.

The burner-head 21 has a cone-valve 37 which

| controls the flow of compressed gas and primary com-
pressed air -into the combustion-chamber 38 oi gen-

crator 20 and is attached at the lf}W(’I‘ end of a. VH,IVL-

stem 39 connccted with a dmphragm 40. On its
| 'uppor side, this diaphragm reccives the final or ter-

minal pressure of the gem-mtur thrc-ufrh a ‘pipe 41,

65 .

A branch

70

70

and the pressurc of a spring 42 in aid of-said termmal +

pressure, and on its lower side said diaphragm re-

| ceives the initial pressure of the ‘compressed air from,
. pipc28: , . .
| 44, the former of which controls a supply of sccond-

On the valve-stem 39 arc also located valves 43

ary air going to the outside of the flame through a
pipe 45. and the latter of which controls a

duces a va,rla,tmn in-the orifices for the flow of an and.

‘gas ‘which maintains the resistance at a sul)stantlally-

constant point during variations in the volume of
flow of said fluids. Valves 43 44 arc also adapted

the relation between ihe primary and by-pass gri-
fices to correspond with a variation in the flow of
gas to the burner but docs not change the total air-
orifice. Defore reaching the burner the gfms-supply-..
passes a floating meter piston 47 (Fig. 5) 1n a casing
48 zmd reaches ﬂlL interior of valve-stem 39 thlourrh

a plpe 49, Gas above a predet(}lmmed pressure’ 1s -

released back to the gas-compressor suction: through
2. loaded wvalve 50.. The piston 47 connécts with the
two valves 43 44 through an arm 51, rock-shaft 52,

pinion-segment 53 and rack 54 engaging a gear 55

| formed on the valve-slceve.
is released past valve 50 and less burner-gas is

According as more *g’aa

measured by piston 47, the by-pass valve 44 -opens

‘and the burner valve 43 -closes, sending a propor-
tionately less quantity of air to the burner, the total
resistance, however, heing unvaried by rotation of®
'valves 43 44. This action is dwcnbed more in de- o

80

suPply of
_by-pass air which obtains entrance into the. combustion-

tube as hereinafter described by way of a pipe 46.
The stitucture 22, “including. diaphragm 40 and'its
| attached: valves and termed the  “initial-terminal
or I-T valvg is morc fully described in my aforesaid
‘applications. Serml Nos. 736, 588 and 275,861. .
The vertical movement of the valvu-stom 39 pro-

85 -

90

on the line 55 of I‘lg 2, I‘1g 6 represents a seetion on | for rotatory movement upon thestem 39, which changes o

~ the line 6—6 of Tg. 5, Figs. 7 and 8 represent sections.

on the lines 7—7 and 8—8 of Fig. 3, Fig..9 represents -

.4 section on the line 99 of Fig. 2, ]:‘lg 10 represents
~ asection on the line ]Oml{) of Tig. ‘) Fig. 11 represents
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| bustlon-tube
casing. In the present instance I provide a very

3

present mechanism just deseribed, differs therefrom
principally in the improved means shown in Figs. 5
and 6 for transmitting motion from the meter Ppiston
to the rotary air valves. The combustion space 38
18 immediately inclosed by a removable and rencw-
able liner 56 into whose upper end the nose of the
burner-head projects.

ator body, and it cxtends downwardly through the
major part of the length of the combustion-tube 58,
the lower end of the latter being within the cnuling

chamber 23 and normally immersed by tho water |

thermn

It has in practlc{, been a matter of dlfﬁculty to

make a proper.and durable joint between the com-
BQand the upper body of the generator

simple- and ecfficient joint at this point-which will
prevent leakage between the interior of the combus-
tion-chamber and the slightly lower pressure-outside
of said chamber and will at the same time permit re-
newalg of the combustion-tube, by forming a flange

59 on the upper end of said tube, resting this flange on

a ledge 60 on the upper castmg, and attaching the
lower-end of the combustion-tube to the lower wall

‘of the water-pot 23 with a yielding connection which
allows for the uncequal expansion of the combustion- |
“tube and the outer wall of the generator.
18 formed with lugs 61 (scen clearly in Fig. 9) engaged

Tube 58

~ by the head 62 of a key-bolt or stay 63 which passcs

35

40
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Lhrough the bottom of the water-pot. On the out-
side 1s an adjustable he&d or yoke 64 cngaged by a
downwardly—preﬂsmg sprmg 65. The Dbolt stem is

hollow and perforated at 66 to form a cantmua,tlon‘

of the feed-water conduit 67 which EUPpIIEE the cool-
mg chamber. The upper face of the key-bolt head
is grooved at 68 (Figs. 9 and 10) to gu1de the over-
flow and insure the cooling of said head when the

Wa,ter—levei’ is below it and also to distribute the

water in a-film over the ynimmersed interior sur-

faces in order to promote evaporation during the

downward hot flow. The lower end of the tube 58
1s formed with perforations 69 for the exit of prod-
ucts of combustion and any steam mto the cooling
chamber. -
71 is a com(‘al bafﬂe a,ttached to- the stem of key-

bolt 63 for directing the water circulation and forming

a quicscent space in the lower part of the water-pot.
Spring standards 70 support the intermediate por-
tion of the generator casing, and the water-pot 23 is

‘bolted to said intermediate portion independently of

said standards in order that the water-pot may be re-
moved without dlﬂturbmg thé upper part of the. gen—
erator.

“Between the combustlon-tube 58 and its liner 56 is
an annular space 72 into’ which the by- -pass air from

pipe 46 enters and passing downwardly joins the main

flow of products of combustion just above the surface
of the water. _ It is important to note that this by-paas
alf may. ald in completul,lg combustion or it may bje an
excess supply which becomes heated and expanded

-by the hot products of the completed main combu ug-

tion, a,ccordmg to the he1ght of the lower end of 56,
distribution of flows, ctc.

R

This liner is suppurtml upon |
“a ledge 57 in the upper chamber of the main gener-

.

L

|

864,183

tail in my application Serial No. 275,861, and the ] nular passage 72 this air absorbs heat from the surface

of liner 56 and serves to protect the latter and also the
corithustion-tube hR.
tare passing upwardly from the cooling chamber 23
becomes more or less superheated by contaet with the
ouiside of the combustion-tube and by by-passing un-

quenched through the upper row of perforations,. and -

the amount of superheat may be adjusted by vltrymg
the water-level in the cooling chamber. |

A further aid {o the protection of burner parts and
the suppression of excessive temperatures is by a wa-
ter-spray (in which term I also include a jet or spray of
steam or mixed water and qtemn) delivered through
2, nozzle 73 (Figs. % and 11) against the outside.of the
liner 56 at about thn hottest part thercof.  Just below
“said nozzle the upper edge.of the combustion-tube 58

The steam in the motive mix-

70

79

80

is grooved at 74 to catch any drip from said nozzle and

distribute it uniformly around ithe edge of the tube
for overflow into the interior of said tube. This jet is
supplied by a branch 75 from the feed-pipe 67 and
passes through a heating coil 76-hcated by an atmos-

pheric gas-burner 77 which is fed under throttle

85

through a pipe 78 from the gas-conduit 29. A pre-

heating of the jet-water is thus afforded and if desired
the water may be vapotrized before introduction to the
by-pass air-space. A thermostat 79 in th¢ generafor
delivery-pipe 24 is connected through rod 80, levers
81 82; and rods 83 84 with valves 85 86 in the gas-line
and the water-line respectively of ‘the heater 76, so
that as engine-flow becomes hotter the water-flow to
nozzle 73 will become cooler. By maintaining the

water delivered by said nozzle alternately -ahove and.

> below the vaporizing point a very powerful influence
is provided for the control of temperatures and Super-
heat in’ the generator. I may if desired control teni-
peratures éntirely by means of this water flow and dis-
pense with a p001 in the water-pot 23.

Water-level is automatically controlled within the

coolmg chamber 23 by a level-controller 87 having a
diaphragm 88 acting on a pump by-pass valve 89.
Normal generator pressure is constantly on the lower
side of said diaphragm, and on the upper side thereof
the pressure is varied by the covering or uncovering
of the. inlet to the upper diaphragm-chamber by the
rising and falling water. When said inlet is covered
"o minute leakage past a valve 90 reduces the pressure

90

100

105

110

in said upper diaphragm-chamber “and, enables the

diaphragm 88 to rise and open the by-pass 89. Should
leakage-valve 90 be wholly closed it is evident that

the water-level will rise within the generator; result-
- ing in the evaporation of more water and the diminu-

tion of superheat. Hence by attaching the stem of
valve 90 to the stem 80 of the thermostat 79 I am. en-
abled to control the water-level and vary the super-

‘heat automatically in accordance with the tempera-

ture of the generator output. The valve 90 is placed
as high as any part of the release pipe approaching it,

120

g0 that neither water of cofidensation nor upliited wa- .-

ter can lodge back of it. Hence when thcwalve 18
opened by the thermostat, it begms to perform 1its

| office immediately.
For emergencies there 1s prowded a rescrvoir 91 of
- water which opens through slternative inlets 92 into

the coohng—chamber 23 and is provided with a vent

In paasmg through the an- | 910 whereby any trapped air or gases may be released 130
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15

* FFor the purpose of detecting leaks.and for judging as to
the volume of combustion-flow, I connect together
- chamber 95 nutsulo the ('nmhnstlon-tuhﬂ and ('hfunhvr. .

20

25

within said tube.
tube, and 1f a lca,L is encountered the water wﬂ’l cease

864,183

nr"piper.l- off to s{nnb lower pressure éhaniber'at will.

So long as: the inlel is covered the water stays in tho |
‘reservoir 91, and when uncovered the reservoir is-
vented and its LUHL(‘IlLb discharged 1nto Lhu umlm#

rF

:;hmnbe - . ' >

The downward passage of (‘umbustmn gascs :a.ruund_

{he Tower vn{l of the combustion-tube. 58 and through
its perforations causes the water-level to he depressed

in the said tube and raised on the outside ’rhermf i
provide for observing the two different levels by méans |

of two gage-glasses 93 94 (I‘lfrs 1, 2, 3 and 8) both of

whose lower ends connect with the coohng chamber 23
while their upper ends connect rospec’rwely with the

chamber 95 outside the combusti on - tu])c* and the.

chamber 960 within said iube. hlwuld thcr(, -he’ no

substantial leaks in the ﬂ{)lllhllhtlnll-tll1}{‘ 0T thrnuﬂh its
joint with the ledge 60 the two gage-glasses will show

different Wa,tvr—lgvels inside and 0111,51{1{,, the - tube:

96 communicating with its. interior,” by means of a

loop 97 in which is placed a hy-pass valvo 98. ‘When
a leak is suspected the generatormay be shut: down, the

water-level. therein raised as high a3 desired and the

l)l(‘%‘-:ll't{“% within ‘and  without the combustion tubty
equalized by opening valve 98.. The latter is. then

closed-and a gentle air-pressure admitted to the space
This will d(lpr{,ss the water in the

to fall and by observing. the inter ior-level glass 94 the

. oxhet location of the leak will have been determined.

35

40

i
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60

~valvesmechanism 22,

I.Lnnp 97 98 i also provided with a water jacket 99. By

opening valve 98 a by-passed hnt flow 1s at once estab-
lished into the engine bound eases, its temperature
huwvvﬂr being controlled by said water ]a(‘Lot Glass

94 may be similarly used when the: generator is running -
. to show the water-level within the’ Cf}mhuqhnn—tuhe
a8 _contrasted. with the wat [‘1‘-1(’*?(‘1 within the cooling .
chanber and thus indicate ‘the volume of the hot flow
“which is passing out from the combustion-tube. N
Where the engine is located ata considerable distance
from the generator it may be-desirable to transfer a part

of the qupvrllmtmtr operation to a point near the inotor,

and for'this purpose I hfwe shown an internal-combus-
tion superheater 100 in the branch supply - pipe 34
leading to the turbine motor, and whic h embodics a
Tburner 101 supplied with (*nmprvqsod air and gas from
the conduits 28 and 29 through branches 102 103 and
controlled by an I-T valve-mechanism similar to-the
The burner valve 105 hias a small -
" groove 106 cut in its face for maintaining a flame when
The burner 101 unpm’rq a suitable
superheat to the engine-bound fluid and is under the
control of o tliermostat 107 in the pipe 34 between |
“superheater and motor, 'the rod 108 of said thermostat
" being connected with the stem 109 of the bur ner valve -
105 through a qprm -arm 110 Whﬁ-nhy the differential |
of the I—T valve 1s mf‘rmsed upon a prvc’-lctennnwd
increase in the temperatute of the engine-honnd fluid,
~ which results in a’'smaller measure of flow, for the in-
stant, through conduits 102 and 103.
~ has external fins 111 in the pa,ths of the entering air
“for prcheating the air -supply and mulmg the pq,rts

65

sald valve.is closed.

The burnee 101

exposed to ﬂﬂ.mt‘ heat.

The wmbma.tmn of main and aumlmry mternal

combustion generators shown in Fig. 1 at 20-and 100

has certain spv{-m,l advantages.
marily an vvapumtm and see mula,llly Q£ Huporlw ater.

‘Generator 100 is primar ilya Supu]u aterand uummla,r_ﬂy'
Tor-

it nmay be an evaporator, ¥ oceasion requires.

(wnvmt{}r 20-is pri- -

74

evaporation in 20 a cooling (-11‘1.1111101 ATeD,- slrould prefer-

ably . be provided suflic ient for permitting the casy

hbﬂmtmn of gases {from 1he water, this area hvmn‘ far

grmtur than that necessary for the flow of these gases

‘after they have snpamivd (The proportions 1In ihe
drawings are not intended 1o be exact). . Providing it,

‘makes the gmwmmr pot large, and constri¢tion of its
arca results in the lifting of a fine spray or fog, which
spray may be measurably -:wa.pumdwl in the generador
by means of ballle-plates such as are shown 1n nyy ap-
phmtum Serinl No. 275,861, or the spray may pass

over with. the supe rhtu].‘[,mg ga,wa and be aracdually

“evaporated during its journey through the engine pipe
~or through the erigine. A feature noted: in pnunw is

that, when this spray or fug passes over with the engine

~J
't

S0

bt}-.

ﬂUW, a thermometer at tho aencrator does not take
cngmmnm* of 1t but uwurdq cﬂ:mprly the utinp-:-mmw |

of the gases and the alre: L(ly-wmpnmivd steam.  Then,
the fog expprwn(*mg vvlpumtmn during- “its journcy.
the ﬂtlpvr]u ot temperature 18 qolmhly abated thereby

and this is shown by .a malkv-:]],y lower reading on a

thermometer plac ed near the engine: mlvt

Now it wonld he practicable to make the pot of o goner-
ator 20 so small aq to increase, to any-degree desired, |
this spraying effe ct. Sucha spmy, without any super-
“heating burner: 100, -would- be simply a disadvantage;
but with a qulquut ni. huporhm,tmfr device-competent.
10 bring back temperatures tothe desired level at the
pmnt of use, the spraying'daction in a small first gener-
ator is of a superior character, for it occurs coincident-

00

100

“ally with the presence of a pool {'a]mh]o of dominating

temperatures beyond question for all sizes of five.
‘this respect. such a pool-spray combination has poin(s
ot SUPPI]OIIL}[ over mere jet Sprays which have to be
regulated in volume to the f-qulwlnent of the Im- af

the passing moment,

The dllmnutmn n fhﬂ stz¢ of gen nerator 20" niadle ]}{ -

mble by the presénce of hupvrh(*-‘ll,er 100 is also an im-
portnnt advantage.  Again, were generator- 20 to he
used wholly for both evaporation and superheat, the
superhmi would probably be hest, oblained by some
by-p‘t%amfr of unquvn(llv(l oases.  IMis found that with

these there may occur a ‘dust. which the complele

quenching of the gases would prevent:  Obviously,
itherefore, there 1s helv a further advantagein divoreing
the ewpwmtwv work from superheating work, 1I the
Jatter is to be effected by unquenc hed gages. o

For the nrr..uwnmvn( last above {ltwlllu vl ..tml -
deed, for any actual nhhﬂlalmn il 14 uupmmnl that a
qﬂpamtur be attached to the trmwmim and this 18
shown 1n Figs. 1 and 8 Whure the separ ah,n 240 catches

in

i0o

110 -

120

any water which may by any ac cident come over in

bulk. Pipe 242 and. chovk-vrﬂw* 243 return this water
to the generator pot, since the hydmamu(' he adl of watm )

'in 240 may casily be made sufficient for. this.

241 18 o, cunvoment blow-off
an effoc*twe dust- mllootm* Whr.,n o{)ndmonq Are quch

‘that dust is pnsmble .
At superhea,ter 100 prowsmn 18 madv whereby t]w

o

Pot 240 &lso serves as

125

130



5 stream is admitted at those times when the superheat of |

a

thermostat whlch controls this superhea.ter alsb con-
trols the needle-valve 250 in a pipe 251 through which
hot water may flow into the bottom of the superheater
as shown on' Figs. 1 and 13. Through valve 250 a fine

- 100 is too great, valve 250 being opened by the lever 252

10,

15

20

fulcrumed at 263. . Depriving generator 20 of its surface
superheating function.and making it simply an evapo-

. rator, incidentally permits the complete cooling of the

combustion-tube 656G by steam or water, thuq Insuring
mcrmsed life for this important clement.

" In the receiver-space between the hltrh-press_ure and
low-presqure departments’ 31 32 of the turbine motor 30~
I place a burner 112 similar to the one just described
and fed with compressed air and gas through pipes 113
114, whereby the motive fluid is reheated by internal
combustion in its passage through the motor. Pipes
113 114 ara, connected with the intercoolers 115 116 of
the air and gas compressors and as the ingercooler pres-
sures may not always be equal I connect the pipes 113
114 with a pressure-balance mechanism 117 shown in
cdeiail in I‘ig 12. Tt includes valves 118 119 in the

vspectwe pipes attached to a_diaphragm 120 thh
receives on opposite side§ the pressures terminal to said

29 “mh ¢s and accardmgly tends to maintain said pressures

30

30

10

49

o0

- 909

60
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70

_equal by moving in one direction or the other according
“as one pyessure or the other tends to predominate, throt-

tling that pressure and decreasing the throttle of the
other. | ' ‘
. What I claim as new and demre to secure. by Letters

Patent 18:

1. In constant-pressure generating apparatus, the com-
hination of: an internal-combustion generator.liaving an
outer casing, and a combustion-chamber attached at hoth
ends to said casing and having a yiclding connection be-
tween its points of attachment, | - S

.)

el

bination of an internal-combustion generator having a-
water - pot, an upright combustion - chamber therein dis-
charging into satd water-pot, and.a compensating connec-
tion between the lower end of aald eomhuthn chamber:
and the wall of the water-pot. °

3. In constant-pressure gencrating apparatuq the eom-
I:-inn_tmn of an internal - combustion generator having a
ledge, a combustion-tube within said generator having a

Mlange to engage said ledege, and a key-holt connecting the

wall of the genmatﬂr with the dlqchargo end of qaid coal-
hustion-tube.

4, In constant-pressure generating apparatus, the com-
bination of. an internal - combustion genornror hﬂ.vmg a-

main casing, a combustion-tube within the same having a
burner at the .end opposite its discharge end a - Key-bolt
connected with said dischar ge end and. paqqmg through the
wall of . the casing, and an outside spring engaging sald
key-boit. for seating the burner end of the combustion-tube,

5..In constant-pressure generating apparatus, the com-
bination of an internal - combustion generator having_ a

main ‘casing, a combustion-tube W1th1n the same having a.

‘burner at theé end opposite its discharge end, a. key-hnlt,
connected with said discharge end and passing thrﬁugh the.

wall -of the casing, and an outside spring cngaging said

~ key-holt for seating the burner.-end of the combustion- tube.

. In.constant-pressure gennrating apparatus, the com-

binatlon of an Internal-combustion generator, a combus-

tion-tube within the same having a burner &t one end and

a discharge outlet at the other end within a water space
in said generator, and a qtaying device enﬂ'aging said dis- -

charge end and formed as a feed-duct for the lntmduction
of feed-water to said water-space _ ’

7. In congtant-pressire generating apparatus, the com-
bination of an internal - combustion generator, a combiis-
tion-tube having a discharge end therein, a- key-bolt con-

- nected with said discharge end and located in. the path of

o

In constant-pressure generating apparatus, the com-

F

{

main casing provided with a

unqupnched products of vomhuﬂtien, and’ meanq for - cool-
ing said key-holt. '

upper end of said portlon, standards supporting said body
portion, and a water-pot at the lower end of said body por-
tion mmmfahlv therefrom independently of said standards.
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8. In constant-preskure wvnvlating 1pparatus, the com- -
binatidon of .an Internal - combustion generator having a
body portion, a burner at the

1

80

. In constant-pressure apparatus, the comhiﬂation of an .

internal-combustion generator, a combustion-tube within

“the same, means for supplying compressed air to said gen-

crator, and means for forming an alr envelop in the wall

of said combustion- tuhe

10, In constant-pressure generating apparatus, the com-
binatlon of an internal - combustion gencrator having a
double- wallod combustion-tube with a burner at its upper
end, ﬂuid*n‘.pn{*e hetween the walls of said tube, and an
outlet {rom f-:md space at the lower end of the combuqtlon
tllht‘ |

85
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11. In con'ﬂmnt pressure generating =1ppamtus, the com-
bination of an internal -'combustion gencrator having a

burner, a wate F-pot, & combustion-tube extending hetween
the burner and tho water-pot and formed with an annular
W a!k spiace embracing the mmhuqtlon-qnme. and means to
hupplv compressed air to said wall-space.

- 12, In constantpressure generating apparatus the com-

bination of an internal - combustion. renerator having a
burner, means fo supply primar y air to said burner, means

95
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for by-passing a portion of tHe air around the burner to

| Join with the products of combustion, and ra combustion-

tube having 'a wall-space forming a channel for the by-pass

air. | ‘ )
13, In constant-pressure gencrating apparatus, the coni-

hination of an internal - combustion generator. having a

105

burner and a water-pot, a combustion- tube oxtending be-

tween the two, and a removable liner pmwumg fmm the
hurner within said tube and extending .for the major pur~
tion of the length of the l‘ll‘l’l‘

14. In constant-pressure gencrating appamtm the com-

A10

hination of an internal - combustion gmvmtnr having a ~

combustion-tube, a burner ‘at one end thercof, a removyable
Iiner extending from the burner into r-..md combustion-tubo
and’ separated from said tube by an annular space, nnd
means-for supplving compumwd air to said-space.

15. In constant-pressurc generating apparatus, the com-
bination of an internal - combustion generator having a
casing, a combustion-tube having a separable ﬂu:ﬂ -tight

" joint with said casing, a burner, and a removable liner ¢X-

tending from the burner into the wmlmqtlon tuhe and sup-

ported hv the casing from a point back of said joint.,
16. In cunatant-prvqsuro generating apparatus, the com-

hination of an internal -Lmnbubtmn generator having an

- upright combustion-tube with a discharge-outlet at ius

lower.end, means for forming a W‘ltt‘l -pool immersing said

115
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outlet, and means for projecting a water-spray into the _

upper end of said combustion-tube.
1¥., In. consfant-pressute gen ecrating, apparatus; .a gener-

130 -

‘ator having a burner at fts upper end, a water-colleeting
. receptacle at its lower end in thc path of the hqt rases

from sald hmnm an Intermediate comhuqtionntuhe and
meanq for ‘-‘.playlﬂﬂ' water against the exterior surface of

" said comhuatlon tuho at a point above aaid water-l;e:_ep

- tacle. . -

18, In constant- plessure genemting appamtus, the ¢oms-
bination of an .internal-combustion generator having a

burper, a cumbusﬂon-chamher formed with a wall-space,
means for supplying compressed alr to ~said spaee,ﬁand
;means for injecting watei into said space. | |
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10, In constant-pressure generating apparatus,. the com-

bination of a comlnmtmn—chnmhel having a wall-apace

with an outlet into the path of the products of mmlmstion,-'

means for supplying compressed air: to said space, and

menns. for spraying water. iﬂto theé compressed air reuching-_

said spaee . . - | ;
20, In constant-pressure generating appamtus. the com-

bination of an upright combustion-tube, a constant- -pres-

sure bm'ner, means for qupplvinp: air to Jacket said tube,
and”means for supplylng water with the air at the upper
end of said tube at several paint_s around-its periphery.

~ 21. In conatant-pressure generating apparatu%, the com-

145
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blnntinn of a constanbpressme hmner, an upright com-

bustion-tube formed with a peripheral groove adapted to

~ distribite water uniformly over the edge of said tube into

- 1D

15

25
30
35

its interior, and a water-spray nozzle ﬂ1snha1 -‘r1ng intn said

tube above said groove.
22. In constant-pressure genemtm

of cmnbustmn g combustion-chamber, meansg for. dinchmg-

‘ing a. secnndmy supply of water info said chamber, nnd |

meang for prelieating the secondary water- supply

- 23, In constant-pressure generating apparatus, the com-
bination of an internal- combustion generator, means to
apray water thereinto, means for preheating the water, and

means controlled by the temperature of the output from |

snid generator for controlling the qunntit}r of heat in the
entering spray. . .
~ 24. In constant- 1}1035111& generatlng apparatus, the com-

- bindtion of an lnfmnd:l combustion "nnehbtm, 9 water

20

injector therefor, a water preheater, and a therrnoatat
heated by the sanerator ontput and contr nllm" the bupply
of Wnter . .

.25, In constant—lue‘%me renerating nppmntus the com-

bination of- an internal-combustion generator, a water

injector thergff_@ a water-preheating burner, and a ther-
mostat subject to the temperature of the "enemi or nutpnt

“and controlling the burner heat.
9G. In .constant-pressure generating nppfm atus, the' Lom-"-
an Iinternal-combustion gnnmntm ‘having a

buarner nnd means for maintaining
. path of the pwdnctn nf combustion, a combustion-chamber,
. means for connecting the spaces on

bination of
a pool of water in the

opposite sides oft the
wntm-ponl and means for indicating the watm level within

and “without said combustion-chamber.
27. In constant-pressure generating apparatus, the com-
_hinntinn of an internal-combustion generator having a
burner, a water-pot in the path of the product’ of combus-
“tion, h water-reservoir elevated above the normal level in-

said ‘water-pot, and a feed-and-vent connection between
said reservoir and the wnter-pnt controlled by the- water—
level in said pot. - . . .

28. In cnnstnnt—prensnre generating apparatus, the com-
bination of an internal-combustion generator hnving a
 burner, a water-pot in the path of the product of combus-

45

tion, a water- 1ene1vnir elevated above the normal level in

8aid water-pot, & feed-and-vent connection controlled byh
the -water-level in said pot, and an upper vent trnln snid"

- -renervnir for removing non-condensable gases.

50
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29, In constant-pressure generating npparntus, the. com-_
binationof an. 1nternal-combu3tinn generator supplying a-
_mixtnr}a of steam and products of combustion, an engine
~ operated by sald -mixture, and an internal-combustion’
~superheater in the supply-line between said generator and
-engine. . -

. 30. In cnnntnnt-pressure genemting apparatnn, the com- -

bination of an internal-combustion generator supplying. a

. mixture of steam and products of combustion, & delivery-

- conduit extending therefrom, an internal-combustion burner

in said conduit, ‘and means controlled by tl;,_g_ temperature

-in the condult beyond naid burner for contrnlling the :
. burner. ; :

31. In eonntant-prnnsure generatlng apparatus, the com- |

- bination of an internal-combuation ganerator supplying a.

.1ppn1*.nt_us, the com-
bination of an internal-combustion generator -having a
burner and means for vaporizing water with the products .

1 Witnﬁaﬂen

“motor, and a compressor supplying both

aa?

i

mixture of steam and products of combnntion an engine
operated by sald mixture, an internal-combustion burner
in the supply-line between the engine and generator, a

regulating valve for controlling ‘the. amount of heat sup-.
plied by said burnel, and a thermostat between the burner

and engine controlling said regulating valve. |
39, In constant-pressure generating apparatus, the com-
bination of an engine expanding its motive fluid in a geries

__nf stages, an’ intemal-—combnstion steam-and-gas generator
supplying said’ motor, and an inter nal-combustion reheat-

ing vurner located in the path nf the motive fluid between

{ the stn;,ns of said engine.

33. 'In constant-pressure generntlng appar f}.tus the com-
bingtion of a plural- .gtage motor, an mtnmf},l-combustion
steam-and-gas generator supplying said motor, an internal-
combustion ehenfer located Detween the stages of said
aid generator and

said reheater.
34. In constant- mesnme generating apparatus, the com-

bination of a plural-stage motor, an inter nnl-wnéhnstinn |

rehenter located between the stages thereof, means to sup-

ply compressed air and gas to said rcheater, Imﬂ means to

equalize the pressures of the air and gas..

35. In constant-pressure (genel ntin,g.-; nppnmtns, the eom—
bination of a plural-stage motor,
burner for reheating the motive {luid Detween stages, a

I generator for Sllpplying said motor, a pluml—ntnge com-
'I.Hessm to sypply combustion-fluid to the generator, andJ- i

6o
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‘an mtel nn]-—cornl:uusfinn |

90

means for supplying said fluid to the burner frnrn between

the. ntnges of the compressor,

86. In constant-pressure generating nppmntun the Com-

_bination of a plural-stage motor, an internal-combustion
-generator for reheating the motive fluid between the stages,

an internal- cnml}ustinn generator supplying said motor,

plnra,l -stage
erator  and Dburner, air and gas conduits leaainw to the

burner from lLetween the stages of said cmnp‘wsqom, and
an automatic pressure-balance mechnnism for eqm]mmg

the. pressures in said conduits.
37. In constant-pressure generating

temperature by means of water added to said products and

gseparate means for reheating the mixture. nf gases nntl
steam to a desired higher temperatute. ' )
38 In constant-pressure generating npnnrﬂtus, A pres-

suré line cnntnining a plurality of internal compustion

tion from a prior burner for evaporating water thereby

7 89. In constant-pressure generating apparatus,” a pres-
Bure. line including an internal combustion generator hav-

i{ng a burner and ‘meansg for providing a pool of water in

the path *®of the prnductn of combustion therefrom ,and ¢

combustion: burner and means for adding water tn the

",'Productn of combustion therefrom.

In testimony whereof 1 have hereuntn get rny hand in

the presence of two nubscrihing ivitnensea, the 19th dny of .-

Septnmber, 1905
'._-.EDWAR_D P. NOYE.S.-

G B, Bmwn, |
_E ,B_A?CH_ILDHB:. |

. b -

air and gas compressors -supplying the gen-’ |

| apparatus, mennt-. |
for burning combustible under pressure, means for com-
‘pletely cooling the combustion products to a predetermined
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~burners, and means in the path of the products of combun— "

| second generator ldter in-sald line having an internal |

120
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