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“;,jART of the firm of Mlqnou & Rounart, engi-.
S _'ﬁfr::eer:,, of Paris, in the Repubho of Flenee,have
..+ & invented Improvements in Apparetus for Ef-
- fecting Interchange of Temperatures in Fluids,

e

'ATES . rHLATEN TFFICE* -

STANISLAS H ROUART OI‘ PARIS I‘RAN()E

. APPARATUS FOR EFFECTING INTERCHANGE OF TEMPERATU RES OF FLUIDS

Appheatmn ﬁled Deeernber 17 1879

To ctll fwkom it moy conoom |
"Be it known that I, STANISLAS HENRI ROU

;fof which the follownw 18 & speolﬁoetlon

. The general obJeCt of this invention is to ) im-
S -f"?:?pa,rt the heat of one flaid to enother in a bet-
‘ter or ‘more. expedltrous mqnuer then 1t ha,s

;::___::_:,-;- ~Dbeen heretofore effected.

o LR
;-%?Stwo gases. Or vapors. _
IR AT -;however bad oonduetors, and genemlly in con-
L T j_"{etruetmﬂ' apparatus for this purpose sufficient

S 'La(,eomlt is not taken of this lack of conduc-
It is well known that the: tempereture._ :

tivity.

- Intheindustrial arts, in the la,rﬂe magorlty;
SR 1__:§----jfof cases, the transfer of heatis ceused to take
- place between fluids either between two liq-
nids, or a liquid and a gas or vapor, or between:- |
Al these tluids are,

' of fluids is most easily altered when in very

“ . thin films; but: heretofore glea,t practical ob-
- stacles have been encountered in the employ-
.. ‘ment of thin layers, beofmse the . apparatus
. 25 devised for the purpose in which such condi-
o077 tion has been obtained are found to become
s readily obstr ueted and itis almost impossible
. to take them .Ltp.;trt and inspect or clean‘'them.
- In this invention the fluid is obtained in
é-li__'i?;f_-%}-ﬁ;ig'oﬁ“thm ﬂlms, which might, be termed * capillary,”
.. with apparatuswhich can beeeeﬂytekeu apart .
o and put to":-ether again, _
:ﬁﬁ -f'?"i_Ig_j-.-f.i_.--'fj.';ﬁ“quently may be of small dlmensmns and yet
SE f-'j_-possess great, eﬁleleney and rftprd1ty of action
' in transterrmg the heat from onefluid to an-
e This efficiency is due in large part to
'_'-the rapld renewal of -the points of oonteot by
. avery rapid GlI‘OHl&thI‘l of the ﬂmds through"

3

R tlie CODtI"]JCted places

40

s liquid.

The .;tpperetus 18 employed to relse or lowerg_
~ the tempemtme of- a liquid or gas by means .
~ of another liquid or gas of hlﬂ‘hel‘ or lower,
_y_j'_-:temperature, as reqmred or. for conve1tm
~ liquid into a gas or: oondensmﬂ a gas into e;
It is apphoeble to various arts and
~industrial purposes, among which may be men-
S 'f-?-’tmned farnaces for heetmg air, steam- hea,ters,
.. . for houses, steam- ﬂ*eneretors, condensers op- |
A -3"'.‘.-.'ﬁ'era;t1ng bv Weter or air for stationary. locomo-,
5o tive,and marine engines, heaters for Wfrter and

~other..

and :which conse-

ehmeq stills and condensers therefor besides

The mventrou will be most readily under- =
etood in connection with the accompanying
drawin gs, which form : 3 part of thS epeclhoe-”f

‘tion, and in which— | .
I‘rgure 1 represents, in plen z‘md 1n 1011 gltudr-'_j
Linel and- cross sections, a emgle element as'a .
| type; and Figs. 2, 3, 4, 5 6,7, 8, 9,10, 11, 12, - |

|||||

55

) mde condensels and. hquehctms of iceema- = -

‘many others that will snggest themselveb to
,el«rrlled artisans, operatives, and mechanies.

-60- 

and 13 illustrate the- ﬂtrra,ngement fmd com-

bination with otherdevices of one or more sach =~

elements i apparatus for \Tftrrous useful pur-:
_poses |

‘The same letters IIldlC?LtB hke pel ts whereﬁr N

thev occur on all the figures.,

Two tubes, @ o, of metal, of shghtly dlﬂer SR
:'ent diameters end of a surt%ble size and thick-
ness, are placed concentrically one inside the
‘other, so as to leave a small space between the
interior surface of one and the exterior of the -

- This annularspaceisas smallasis prac- -
and held in theirrelative posttions by a grooved 75 -
or U-shaped collar or head at each end.
+ joints are formed by plane surfaces.

t1oe1]w possrble The two tubes are connected

In

e

The
Thesev SRR
eral parts may thus be readily taken apart for
| cleaning or other purposes, and screw-threaded.
| or swaged joints, stuffing- boxes or similar de-"
vices heretofore used are drspensed with.
TFig.1such meeusareolearlyshown A grooved
_'_seotlonal collar, 0, fits over conical ﬂa.nﬂ‘es at
‘the upper part and at the lower pert a - 8
shaped or orooved collar or head, ¢,is held by -
SCTew elftmpq against the ends or the tubes. - |
- One of the ﬂmds suited to the special appli-
etlon passes through the annular space which ~ -
is left between the.two. tubes, and the other go .
circulates over the exterior and interior 6f the = .
c¢oucentric tubeq so that all the surface is util- .
ized for the mte1 change  of temperetmeq R
| Whatever may be the fluid which is circulat- =~
ed in the annular space, it should, in general,
be delivered at a numbe1 of pornts on.the pe-. -

Phis delwel,y ;@6‘2’106 is indicated by d. . In
Fig. 1 it is shown in a very simple form, being:

8o -

| I'IPhEI.Y of the interior tube, although in some R
“cases delivery at a smgle pomt wrll answer. =

composed of four tubes, which pass through.l -

othe1 : llqmds, LUOIGIS for beer and other qu J four holes In.a pl.:tte whmh IS cbtt"tched over




~ ent purposes.
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the mouth of a larn‘er tube, as shown in I‘ig.a
varied for differ-

2. The device 1s, lﬂovever
At the opposﬂze end of the con-
centric tubes is placed the outlet ¢, connect-
ing with the annular space between them.

In order to obtain a very large heating or
coolmg surface, as the case may be, a number
of elements such as first deseribed may be coni-
bined by connecting their several inlets and

outlets by collectors f, Fig. 2, or by connect-

ing them in series end for end, so that the
fluid traverses them all sucuesswelv in the
one case the quantity of the flunid whose temn-

perature is modified being increased, and n,
the second the degree or amount of change 111_

the temperature.
"Lhe general principle of the new apparatus
having been explained, the application of the

same to various machines will be readily un-

derstood. A number of these- applications,
showing a variety of ty pes, are illustrated in

the accompanying drawin gs, and will now be

described.

For the purpose of clearer presentation the
apparatus are divided into three classes, an in-
terchange of temperature or transfer of heat

being eﬂ’ected in the first between two liquids,
in the second between a liquid and a gas or
vapor, and in the third between two gase:a or

vapors.
I. In the first class there are two distinet

types—to wit, (1,) in which both liquids are.
under pl"essure, and (2) in which oune only is

uuder pressure.
1.). As an example of the former type may

be taken the exchanger or condenser which is

employed in ice- mauhmes, operating by means
of an ammoniacal solution.

pressure to which they are to be subJected

The annular space is closed at the top and
bottom,asshown,andthecylindersare plunged’
into a,vebsel ¢, containing a medium which is |
1tself under pressure.
which the hot lignid 1s introduced. into the_'
annular space, passes through a stuffing-box.

The tube d, through

At the lower end of the apparatus the outlet

¢ 1s arranged. The other liquid enters the',

apparatus aJt h. It escapes by the outlet 4,

being heated in its passage through the appa-

ratus. The sides of the vessel ¢ are held to
the base by a sectional collar The liquid
which enters by the tube % is divided and
passes over the cylinders a «', which consti-

tute what 1s called the ¢ caplllary cluster.”

The efficiency of this apparatus has, from nu-
merous experiments, been demonstrated. It
18 constructed for use with ammonia, of iron

parts, without any soldering or brazing with
other metals, so that it is thus rendered very'

solid.
(2.) As an. example of the second type, an ex-

changer or cooler for breweries may be taken.j__
The capﬂlary cluster is constructed as shown

in Ifig. 1. The beer to be cooled passes through

An appamtus_i
of this kind is shown in TFig. 3. The tubes |
a o' should be capable of WlthSt’LIldlIW‘ the

]

1

|

‘its "heat passes over their surfaces.

j'formb thie back of" the fire.
is'located an iron” tube, ¢/, closed at the end,
‘which tube, by reason of 1ts central posu;mn,,_
forces the gases to come in contact with the’

‘ lllummatl ng

| ervou" q'.

the annular Sp'we between the concentric tubes,
and the water which is employed to carry off
If it 1s
desired to economize in the amount of water
used, the size or diameter of the vessel in
which it circulates should be diminished, as

shown. in I‘1g 4. The exchange of tempera-
‘tures is very perfect, and the water for cooling

escapes very hot, so that conse(ﬁlent] y 2 less

‘quantity is. requlrea

II. As examples of the second class of ex-
changers, in which a transfer of heat is effected

between a gas or vapor and. a liquid, steam-
‘boilers. heated by a fire or by gas, surface-con-

densers, and steam - heaters for raising the

'temperature of 11qu1ds may be taken.

1.) Steam-boilers using the capillary cluster

should be fed with distilled water, which may

be obtained from surface- eondensers, as other-
wise obstruction is liable to occur.
be considered, however, that by a very rapid
blt’ClﬂatIOH the dep0s1t10n of solid matter fromb

FE ""

w1th calcareous salts is .:wmded

It should.

Tlle cou-
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straction of a boiler of this. class i is shown in

‘Pig. 5. The ca,plllarv cluster a o is placed in

an inclined position under the body of the

- boﬂer or resServolr 2 for the steam zmd Water __

It is ‘connected at the lower end with the res-
ervoir at the bottom, and atits highest pcu'tlt!

1is connected therewlth at a point just below

the level of the water. The joint a?, which

‘unites the parts of the capillary cluster, con-

nects the cluster also with a plate, ?, which
Inside the clustur_

interior Walls of the tube a’ of the cluster.

‘The products of combustion pass through the
‘tube @, and then return on the outside of the.
‘tube a, under the reservoir z, to the uptake, as
:ShOW[l by the arrows.

(2.) If it is desired to heat the boiler by
or other combustible gas, the dis-
pOSlthI] shown in TMig. 6 is 'ldopted

Sultable intervals.
annular space in the cluster from a 1"eserv01r
b%, to which, it is supphed by the bottle or res-

voir, d?, while the burned oas is carried off by

the chlmney yid There is no loss of steam, and
consequently none of the water in the boﬂe,r-

tion of the boiler as described has the advan-

‘tages of being fired, so to speak, instantane-

ously, of bemg entlrely safe, of permitting

‘the heat to be increased or decrefnsed by a
simple turning of a Stop cock, which. can 'be
effected at any desired point in the house,
‘and; finally, of allowing, by simple means, the
.reguhtlon of the pressure within a certa;m:
‘maximum Jimit by controlling the flow of gas.

(3.) Steam-condensers 0pemt1n g by means of

The gas.
is brought by a centml tube, ¢*, perforated at
The water is ted to the

, II5

The steam is (,ollected in a reser-

95

100

105

110

120
so that the size of the cylindrical body may
‘be reduced to a minimnm. Such a disposi-

125

130




o+ gation.

- the pipe d and escapes by the pipe e. A very
« . efficient, compact, aid e asily-made apparatus
- isthusproduced. T T
. UL Asexamples of the third class, in which-
55

. quently while the apparatus is in full opera--
o :"?-f??‘i_“éj_;:;.tidn%*a.ny'01‘1(a_.of.'j_1'11'eSG; elements can be isolated |
2. - The condensation in the annu-.
lar. capillaries produces therein ‘a’ vacuum.
~Which is:apt, by reason of the narrowness of-
~the space in which condensation takes place,

“than is commonl y obtained. |
_condensation gives great ad vantages, partica-:
. vlarly in-marine engines, where space’is nec:
© o essarily Jimited, and, in connectic

~and prevent further ¢ _
~come- this difficulty a wa ter-reservoir | with
S constant Jevel (see Kig. 7) is ‘interposed -be-
o Ltween the feed-pump y-and the condenser, and-
~ " Into- this reservoir ~the condensed water is-
- odrawn. I necessary, a vacunm can:be made
o0 40 THere , s
e TN As :-:,1;11_'0t.].:1e'1‘.'_e;i';pmpl_ei;_u'lf_)_der_-_t_hisf second class: |
_the heating of liguids by steam may be taken.
- The coils com monly used in steam-heaters are
~ replaced by the capillary . cluster, and the fol- :'
Jowing disposition Is or maybe adopted: The:
- capillary cluster a a’, Fig. 8, is placed in the
. center of a heater or boiler, A, at the lower
- part thereof, but at some distance from the:
7 bottom, 80 as to be im mersed in the liquid B.
contained: in the -boiler A. Steam enters by

.. persquare meter, or about five times greater

posited from the steam.

therein Ly a small jet of steam. =

© . or otlier arts m ay be taken, -

“tical section, a

(L) Inorder to heat air by steam, the coils or
oosystems of pi pes heretofore used are replaced
by the capillary cluster, so that thereby eco- |
~ nomical stoves or heaters of great efficiency

- can be eonstructed. - g, 9 IEPIGSGHtS,]H ver- |
' stove or heater-of this descrip--

" tion. Thesteam is introduced by the pipe 4

steam has: been

.

This power of

_ | ction with the
lagility of taking apart, cleaning, and putiting:
15 together of the apparatus,-it is obvious that
o this system will render large services to navi-
i - The annular Spaces. are, however, as
. in other surface-condensers, liable to have
.. theirefficiency impairei
20 | AR
© . .The remedy fOlf'_'-thiS:i_illco.lw_eﬁl,_liejflce;;-isx-_.vefy_

. simple, and is as follows: If the condeunsing-.
- surface - required is that of six: similar eéle-
. ments, seven or ei ght are used, so that one or:
two may be isolated from the others by means:

by oily matters de- |

~to cause the water to remain 111 suspension | ber of holes or burners would in that case be =
Placed on their surface,
~of the burner 4. R
-1t will be understood that the rapidity of
the circulation of the air through the annular

condeunsation. -To over-

e '-:W&t@fi.fm‘f]&“d.Olf.f-ﬁ-l_.&ri.HE'iﬁellgi_nes-._mn;_;l_}e_made_"ﬁl-.iulto-
. inthesimplest manner by the aid of the tubu. |
' lar or capillary cluster. By causing the steam
© . toflowinto the annular space, Fig. 1, it con-
o g.denses very energetically, Under ordinary
- conditions one kilegram: of
~~ condensed per square decimeter of surface per

- hour, whicli is equal to one hundred kilograms |

| n accordance with the _ f th
| burning gas, and 1f necessary recourse is had
to a.ventilator or other air forcing or cireulat-

1L _ 01 1 | | 1n this cluster being
exchange of tem peratures is effected between |
S bwo gases or vapors, apparatus for h cating air.
oo by ssteam or gas, steam-condensers opératine.
~ by air,and hot-air furnaces used in metallurgy

| earthemmre,-_ sheet-irou, or other suitable ma-
terial, inclose the capi lary cluster; and canse

to come into contact with -

| of. The heated air passes off by the: open-
ings ¢®. The top of the stove or heater 18 in-

Ing apparatus. -

the air which enters through the openings f7
the surfaces there-

dicated by ¢t .

‘the annular space between the tubes wa’,
| -f&nclf_l-fter_.cundensa‘ﬁim_Lpzys&es- off by the pipe. .
¢. . BExterior and interior cylinders, 08 97, of =

a3 last:(de.%erihe'tl,;tﬁn]liilﬂ.g‘r'mns.of steam  per
hour have been condensed per square ‘meter
of the condensin g-surface by the passing air.
Theoretically,

cubic meters of air can be heated from 50

-centigrade to 20° centigrade per squa re:meter

ot condenser per honr, = - S
- (2.) In orderto heat air directl

gas 1s supplied to the burner d. The pro-
. duets of combustion pass over the surface of
the capillary cluster, against which they are
directed by the cylinders '® and ¢ and es-
cape by openings or pipes g% which earry.
It 1s obvious that the smapm*ﬂtiug-cyl.ind'ers_'-_95; |

them to a suitable chimney.

b¥-¢!® conld be made hollow and serve as the

. _ ly by the com-
| bustion of gases, the capillary cluster is com- .
{ bined in an apparatus, as shown in. Fig, 10, .
The air to be heated passes throu gh the an-
nular space between the tubes &', and the -

conduits or receptacles for the gas. A num-

S0 as to takeftheplace

space of the capillary cluster is to be regulated

heating effect of the

105

“(3:) -Theapplica}ti(ju of the dimpillaryclrusitefto :

steatn_-cmldensers-_ operating by air 1S very im-
portant. It will therefore be spoken of ‘more
1 detadl.

1t has already been stated that in

a general way, by means of the capillary clus-.

ter, about ten kilograms per hour and per
| _ 5
~a current of air at ordinary tem peratures. The = ;
| condensation by air will therefore be about ten
timesless activefor thesamesurfaceasthe con- -
| densation by water. The condensin g-surface
| five times more active
than the oijdinary',(:01’1(1_@11sii_}_g'fsr.lr.f':;lces.in_ru_se,- S
| 1t:follows that, with surfaces double those now ©
o.| used for condensers operatin g by .water, steam- &
‘condensers operating by air cau be construet-
i ed. Inalarge number of cases, therefore, this.

square meter of surface could be condensed by

L

ployed—for example, in locomotive - engines,

‘assuming that a locomotive consumes per
hour two thousand kilograms of steam, to
;c{)rulmlSe,these.twoithousand-;-kilograms.:-_t.h-e,re

120

- From experiments made With-.an---a-pparams;-s. |

80

tl’IEI‘GfOI‘G;, %Lb()l'lt-{{i‘,'ig‘.ll:t. hundred

100 o

ito

125
| class of apparatus can be.aﬂvfbll_ta-_g'elously-em'_---_-., S

T30

must be about two handred square meters of . =

! surface. If a capillary cluster of about six-



1C

L5

teen centimetersin mean diameter be taken, it | cha}mber,'ajnd escape by the chimney after pass-

will furnish a square meter of active surface
per meter in length, so that two hundred me-
ters will be necessary. Allowing five meters

for each cluster, forty elements will be neces-
sary, and thesecanreadily be placed onthe ten-

der in the manner substantially as represent-
ed in Fig.11. The capillary clusters are placed
in position inclined to the horizon, or even ver-
tically. The steam enters the annular spaces
at the upper part, and the condensed water
passes off at the bottom. It may be returned
to the boiler by the means already indicated
for condensers operating by water, and which
therefore need not be again described.

It is obvious that the activity, so to say, of
the condensing - surface will depend on the
speed of the train, so that the air being drawn

through the capillary clusters will produce

20
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therein a very-rapid change of temperature.
From these condensers the locomotive-boilers
can be fed with chemically-pure water, and the
small additional quantity necessary to supply
thelossesfrom thecylinder-cocks, whistle, safe-
ty-valve, and from the use of steam for creating
the blast can be supplied by water distilled
or of sufficient purity from reservoirs located
at suitable points on the line. In consequence
of this purity of the water,locomotive-boilers
with eapillary clusters analogous to those al-
ready described, and as represented in Fig.12,
may be employed. | -

B is the cylindrical body of the boiler,
which serves as a reservoir for the water and
steam; C'2, the grate, D the fire-box, and
2 the smoke-stack.; Under the body B' a
series of clusters, ¢ « a, are arranged In an
inclined position, as shown, and connected
with the body 132 by the pipes d and e.

The advantages of the foregoing system are
the dispensing with the largest part of the
feeding of water at stations, great improve-
ment in the efficiency of the vaporizing-sur-
faces, ready inspection and cleaning of these
surfaces, an almost indefinite inerease m the
travel of trains without stoppage, and consid-
erable economy in coal by the transformation
of high-pressure into low-pressure engines.

It is obvious that the condensers may be
applied as well to stationary as to movable en-
oines with advantages analogous to those de-
scribed for locomotives. |

" (4.) The hot-air furnaces for metallurgic pur-
poses heretofore used have been of consid-
erable proportions, and consequently very
costly. Their size is due to the difficulty of
effecting interchange of heat between the fluids
air and gas—Dboth bad conductors. The size
of apparatus of this deseription, and therefore
the price also, is considerably reduced by the
adoption of the capillary clusters, which are
«iven the dimensions ascertained by practice.
To this end a series of capillary clusters are
placed in a chamber located at the bottom of
a chimney, The Lot gases from a blast-fur-

~nace are admitted into the lower part of this

ing over all the capillary clusters, in which
the air to be heated is circulated by means of
a blower or other forcing apparatus. Thecold 7o
air enters the annular spaces in the clusters
from a collector at the top, and it escapes in
a heated condition bv a collector at the bot-
tom, to be delivered at the blast or other fur-
nace. This disposition is represented in Fig. 75
13, @ ¢ @ a being the capillary clusters; d, the
inlet-pipes into the annular spaces, and ¢ the
outlet-pipes; f, the colleetors; BY, the ex-
changing or air-heating chamber; C¥, the con-
duit for admitting the hot gases; D', the 8o
chimney, and ¢'® the pipe for conveying the
hot, air to the blast-furnace, which pipe should
be as short as possible. |

If desired, centrally-arranged tubes or de-
flectors, as shown in Figs. 5, 6, 9, and 10, 85
could be used in the clusters shown in this fig-
ure, or in others wherein it is not so repre-
sented. - |

In order to secure the grooved collars or
heads to the concentrie tubes in the appara- go
tus shown in Figs. 5, 8, 9, 10, 11, 12, and 15,
the clamps shown in Fig. 1 .applied to the
Thead ¢could obviously be employed; but other
efficient means could be used instead.

Having thus fully described my said inven- g5
tion and the manner in which the same 1s or
‘may be carried into effect, what I claim, and
desire to secure by Letters Patent, 1s—

1. A capillary cluster consisting of two con- |
centric tubes of slightly unequal diameter, roc
combined with a U-shaped or grooved collar
or head at each end, as set forth, for holding
the tubes in their proper positions relatively
to each other, and for closing the amnmular
space between said tubes, while permitting 1oj
passage through the interior of the inner tube,
thereby rendering the parts of said cluster
readily detachable for cleaning or other pur-
poses, and dispensing with screws, stuifing-
boxes,swaged joints, and similar devices here- 110
' tofore employed, substantially as described.

2. One or more capillary clusters having the
joints formed by plane surfaces and adapted
to be readily taken apart and cleaned, each

| cluster being composed of two concentric tubes 115

and a collar or head at either end, closing, as
described, the annular space between said
tubes, in combination with means, sabstan-
tially as set forth, for circulating or permitting
a circulation of one fluid through the annular 120
space or spaces and another over the surfaces
of the cluster or clusters, whereby the said
clusters are specially adapted to the uses in-
dicated. | -

In testimony whereof 1 havesigned myname 125
to this specification in the presence of two sub-
scribing witnesses., .

STANISLAS HENRI ROUART.

- Witnesses:
ALFRED COINY,

—

‘RonsT. M. HOOPER.
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