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THE CENTENARY OF THE HEAT REGENERA-
TOR AND THE STIRLING AIR ENGINE.

TuE library of the Patent Office has recently been
the recipient of the original specification in the hand-
writing of the inventor, the Rev. Robert Stirling,
D.D., of the Heat “ Regenerator,” and the Stirling
Air Engine (Letters Patent No. 4081 of 1816). For
some reason, not definitely ascertained, this specifica-
tion, though duly signed, attested and stamped, was
not enrolled. Hence, it does not appear in the
Official Blue-book series, and has alwavs been
treated as a lapsed application. It is now pub-
lished in extenso for the first time, although it is
known that copies of the Scotch specification were
produced in evidence in the celebrated trials of the
Neilson Hot-blast patent. It is, we believe, estab-
lished that the first application of the regenerative
principle to iron smelting by James Baird in 1825
Was due to the suggestion of Robert Stirling, who,
it is stated, had included *““iron smelting furnace’ in
the original draft of his specification, but had
struck out the words, and gave only one example,
selecting a glass furnace for the purpose. This
omission probably saved Neilson's patent, while
1t accounts for the fact that Stirling was not called
to give evidence at the Edinburgh trial in spite of
the pressure put upon him by the defendants. It
should be observed that the term ‘‘regenerative
furnace " was not coined by Stirling, who elsewhere
stated that he preferred to deseribe his invention as
an “ Economiser,” but the term coined by Ericsson
was so firmly rooted in the language in Siemens’ time
that the latter accepted it under protest (Proe. Inst.
C.E., vol. xii., 1852-3). Further, it is worthy of note
that nearly all the applications of the regenerative
principle in heating and cooling were foreseen by
Stirling, and indicated by him in his specification.

The principle of the Stirling Air Engine differs from
that of Sir George Cayley (1807), in which the air
is forced through the furnace and exhausted, whereas
in Stirling’s engine the air works in a closed circuit.
It was to it that the inventor devoted most of his
attention. A two horse-power engine, built in 1818,
for pumping water at an Ayrshire quarry, continued
to work for some time, until a careless attendant
allowed the heater to become overheated. This
experiment proved to the inventor that, owing to the
low working pressure obtainable, the engine could
only be adapted to small powers for which there was
at that time no demand. His younger brother,
James Stirling, C.E., suggested, in 1824, using com-
pressed air, and in 1843 built an engine of 45 brake
horse-power, which successfully drove the machinery
at the Dundee Foundry for several years, thus demon-
strating the adaptability of the principle to higher
powers.

It may be of interest to note here that Robert
Stirling was born at Cloag, Methvin, Perthshire, in
1790, and entered the Church. At the date of his
mvention, 1816, he was twenty-six vears of age, and
had just been ordained to his first parish. He
was greatly esteemed as a minister, and was
a noted classical scholar, as well as a scientist, and
before he died, in 1878, was the Father of the Church
of BScotland. His grandfather, Michael Stirling,
of Glassingal, Dumblane, invented the first rotary
thrashing machine in 1756 (vide Encyclopedia Brit-
tanica, third edition—7Thrashing). His brother
James was a celebrated Civil Engineer in Edin burgh,
and four of his sons were engineers, who all made
their mark in the engineering world. Two of them,
Patrick and James, are well known in this country
to locomotive engineers of the present generation.

U SPECIFICATION OF STIRLING'S PATENT No. 4081 of 1816.
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All my Improvements for diminishing the consumption of fuel
consist of the different forms or modifications of a New Method,
Contrivance, or Mechanical arrangement for heating and cooling
Ligquids, Airs or Gases, and other Bodies by the use of which
Contrivance Heat is abstracted from one portion of such liquids,
airg, and other bodies and communicated to another portion with
very little loss ; so that in all eases where a constant succession
of heated liquids or other bodies is required, the quantity of fuel
necessary to maintain or supply it is ‘gy this contrivance greatly
diminished.—The First Modification of said Contrivance or
arrangement is described as follows —A B fig. 1st is a pipe,
channel, or passage, formed of Metal, Stone, Bricks or other
Materials according to circumstances i.e. according to the Che-
mical agencies of the bodies to be heated or cooled and the degree
of heat in said bodies.—The Hot liquid, gas, or body to be cooled
15 by any means made to enter the passage at A and to pass
along to its other extremity B.—In its progress it gives out its
heat to the sides of the passage or to any bodies contained in it
and issues at B at nearly the original temperature of the passage.
—In this manner the extremity at A and a considerable portion
of the go is heated to nearly the temperature of the Hot
liquid while the extremity B still retains its original tempera-
ture nearly. When the temperature of the passage at B has been
raised a few degrees the motion of the fluid from A to B is stopped
and a portion of fluid which is required to be Heated and which
is supposed to be a few degrees colder than the extremity of the
Euaanga at B is made to traverse the same passage in a contrary
ireetion 1.e, from B to A ;: by which means it receives heat from
the sides of the ge or other bodies contained in it and issues
at A at nearly the same temperature with the fluid to be cooled.
When the temperature of the passage at A has thus been lowered
a few degrees, the process is again stopped and a portion of the
fluid to be cooled is made to pass from A to B and so on alter-
nately.—

The Second Modification of my said Contrivance or arrange-
ment consists in interposing a thin plate of Metal or other
materials, according to circumstances, between two currents of
liquid gas or vapour which are made to run in opposite directions.
—A B fig. 2nd represents such a plate and ¢, d, two passages
between which it is interposed.—The fluid to be cooled is made to
traverse the passage d from A to B and the flud to be heated 1s
made to traverse the ge d from B to A.—The extremty of
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B is kept cold by the eurrent in e.—The plate A, B abstracts the
heat from the fluid in the passage d and communicates it to that
in ¢ with very little loss.—The waste or escape of heat from the
passages 18 prevented by their being surrounded with Charcoal
powder, wood, bricks or any substance that does not easily
permit heat to pass through it, as is represented at ¢, d, e, /,
fig. 1st and 2Znd.—In the construction of the passages in both
Modifications of my contrivance for heating and cooling liquids
and other bodies 1 observe the following rules :—

1. When the ges are made of metal or any other substance
that conducts or transmits heat easily I make the metal or other
pubstance as thin as possible to prevent the heat from being
transmitted in this manner from the hot to the cold extremity of
the passages.—2. Liquids and airs being very imperfect con-
duectors of heat 1 make the ages very narrow (at least in one
direction ) in proportion to their length, for the purpose of heating
and cooling more completely the liquids or airs that pass through
them.—A transverse section of the passages is given at A and B
C fig. 3rd.—3. When the passages cannot be made sufficiently
narrow 1 make their sides jagga{l or rough by bodies projecting
from them as represented at fig. 4 or I adopt any similar method
for promoting the internal motions of the fluids and the ready
communiecation of heat to them or to the passage.—4. When
the width of the passage cannot be sufficiently diminished 1
encrease its length in order to attain the same end.—The form
and construction of the tubes, passages and plates in both the
modifications of my general Contrivance or Arrangement may be
varied according to eircumstances ; but the benefit to be denved
from this contrivance ariges from the fluids and other bodies to
be heated and those to be cocled being made to move in opposite
directions and it is for the invention or improvement of this
arrangement that 1 have applied for and obtained His Majesty's
Letters Patent.

Having thus deseribed and ascertained the nature of my Inven-
tion I shall now describe several of its numerous and useful
applications.—The First form or Modification of my general
contrivance or arrangement may be applied to dimimshing the
consumption of fuel in Glass house and other furnaces wherever
a high degree of heat is required, and the nature of the processes
carried on in these furnaces admits of their being accurately
closed, and this application is also capable of producing a much
more intense heat than can be raised by the ordinary methods,—
A fig. 5 is a furnace filled with fuel A, E G and A D E (sic.) are
two flues or passages (a transverse section of which 18 repre-
sented at A fig. 6). B is a passage for introducing the fuel
accurately elosed at C.—All other parts are likewise closed so that
no air can pass through or have access to the fire but through said
fAues.—The air which supports the combustion is alternately
introduced at F and G by blowing engines, bellows or any other
means and the gases and vapours which arise from the fire pass off
in an opposite direction leaving the greater part of their heat in
the flues in the manner above deseribed.—This heat 18 taken up
by the air which supports the fire and is again left in the opposite
flue along with the additional quantity produced by combustion.
In this manner the heat is accumulated in the furnace and the
parts of the flues adjacent to it. The bodies to be heated are
placed at DD and E and the openings by which they are intro-
duced are accurately closed. The furnace and flues are con-
structed of the best firebricks or any material that may better
resist the intense heat, and the Mason work, as in other furnaces,
is made sufficiently thick to prevent the waste of heat.—The
form and management of the furnace and flues may be varied
according to circumstances ; but it must be remembered that the
narrower and longer the flues are and the more frequently the
direction of the air is changed the greater is the saving of fuel
and the intensity of the heat produced.

The Second form or modification of my invention may be
applied to the saving of fuel in Breweries, Distilleries, Dye Works
and other Manufactures, by transferring heat from one portion
of liquid, air, or vapour to another.—No further directions seem to
he necessary for these appheations but this that the quantity of
fluids whieh is allowed to run through the respective passages
must be inversely proportional to the specific heat of the reapee-
tive fluids which may be learned from books or from observing
the degree to which they are respectively heated or cooled in
their passage.— By either of the above described Modifications
of my said Arrangement 1 construet my Engine, for moving
Machinery and the following is a general description of the
manner in which this is perforined.—1 employ the Expansgion and
Contraction (or either) of atmospheric air or any of the permanent
gases by heat and cold to communicate motion to a pigton or
other sumilar contrivance.—In order to produce thie expansion
and contraction 1 cause the air to pass from a cold to a hot part
of the engine and the contrary alternately either in the same
passage in the manner described at the explanation of fig. Ist, or
in different passages as described ot fig, 2ond,—1 apply fire to the
warmest part of the engine, 1n order to supply the waste of heat
occasioned by its transmussion from the hot to the cold parts by
the radiating and conducting power of the maternals of which
they are formed, by the change of capacity for heat which
the air suffers from condensation and rarefaction, and by the 1m-
possibility of transferring the whole of the heat from the air to the
passages and the contrary and I apply a stream of cold air or water
to the coldest part of the engine to carry off said waste heat.—
The passages are of course Hot at the one extremity and Cold at
the other, and in passing through them the air 18 alternately
heated and cooled or expanded and contracted.—The followin
is a particular deseription of that form of my engine which
consider as the best.—A A D D fig. 7 is a eylinder composed of
three parts accurately joined together by rivets or screws and
rendered airtight by hammering or soldering the joinings.—The
part A B is formed of cast iron and accurately bored, the part
B C is made of sheet or cast iron as thin as possible (as one tenth
of an inch), and the part C D is of Sheet or Cast iron.—To this
cylinder is fitted a piston E E which is made airtight in the usual
way, and provided with rods 1 I for communicating its motion.—
F F G G 18 a hollow eylinder also as thin as possible made of sheet
iron covered with thin plates of polished brass or silver to prevent
the waste from radiation and divided into compartments by
plates b, b, for the same purpose.—It i1s shut on all sides and air-
tight, kept at a small distance from the outer eylinder by wheels
a, a, or any siumilar contrivance and furnished with a rod H
working through a stufling in the centre of the piston, by means of
which 1t is moved up and down.—This inner eylinder 1 call the
Planger.—The part B D of the outer eylinder 1s kept hot by the
flame or heated airs of a fire C applied at D D made to descend
on all sides of the cylinder to C and allowed to escape at e.—The
part A B is kept cool by a stream of air or of water directed upon
it, and the part B C encreases in temperature from B to C.—The
temperature of the plunger encreases from F to G and the interval
between the eylinder and plunger is partially filled with wires
wound round the latter and kept at a emall distance from it and
from one another by wires laid along it at right angles to the
former, in order to heat and cool the air more completely.—This
interval is on each side about one fiftieth of the whole diameter
of the eylinder.—Figures 7 and 8 are drawn to a scale of one
half ineh to a foot except the thickness of the metal which is to no
scale. The space contained by the eylinder and piston is filled
with atmospheric air.—Figure B is an elevation of the engine.—
A B C the eylinder D D piﬁﬂrﬁ supporting it, E E a beam centred
at G to which the rods 1 1 of the piston are eonnected by a
parallel joint N N ; f { an ann whieh connects said beam to the
crank g.—i o 1 a bent lever jointed to said arin at o and connected
to the fixed point A by the rod [, and to the other extremity of the
beam F F by the rod k.—This beam is also centred at G and
moves between two plates or similar beams of which the beam
E Eis composed. pa rod by which F F 18 connected to the rod
of the plunger M a shider upon the rods of the piston fixed to the
rod of the plunger to render its motion steady and parallel. —

h k k the fly upon the same axle with the crank.——¢ d e the furnace |
ot by the current in d and the extremity | and flues.
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The Operation of the engine is explained as follows.—The
part of the eylinder surrounded by the flues is heated to a tem-
perature of 480° higher than the part A B.—In the position
represented at fig. 8 the plunger is in contact with the piston, by
which means the included air is brought to the warm part of the
evlinder has its elasticity encreased and presses upon the piston
with a force greater than that of the utmmdphnrﬂ.—Thn piston 18
thus forced downwards and the rod f f and crank g upwards till
the pressure of the included air and that of the atmosphere
become equal.—The impulse communicated to the fly carries the
end of the erank towards ¢, and the arm [ f and bent lever i i are
brought to such a position as to depress the rod k and thus to
raise the plunger from the piston.—7The included ajr is thus made
to descend between the plunger and ¢ylinder and brought to the
cold part; it is cooled in its descent, has its elasticity
diminished, and its pressure becomes less than that of the atmo-
sphere, the piston is forced upwards, and the crank downwards.—
The revolution of the fly and erank again bring the plunger
towards the piston, the airascends through the same passage by
which it descended, is heated in its ascent and forces the piston
downwards and the erank upwards, and so on alternately.—In
this manner a rotatory motion is produced which may be applied
to the moving of machinery.—The force of the engine is reguj;ted
by allowing a portion of air to escape ontwards and inwards by a
small cock whieh is opened and shut by a governor as in Steam
engines, and placed in the cold part of the cylinder immediately
above the highest ascent of the piston.—The distance which the
rod of the plunger H fig. 7 moves through the piston 1 call the
Stroke of the plunger and 1 make it equal to that of the piston
when the difference of temperature in the hot and cold parts of
the eylinder is 480°.—When the difference is less than 480° 1
make the stroke of the plunger proportionally greater than that
of the piston, and the contrary when the difference s greater.—
The length of the arms of the bent lever ¢ o i and of the rod &
which is necessary to make the plunger just touch the piston on
the one hand and the upper end of the eylinder on the other 1
determine by experiment as being the most convenient method
known to me.—1 do not answer for the absolute correctness of
those in the plan.—The cylinder is inverted to prevent the oil
used to make the piston airtight from getting to the hot part and
wasting the heat. In the foregoing description, wherever I have
specified more than one Material or more than one Method of
performing the same thing, I have placed that first to which I
give the preference ; But 1 reserve to myself the power of using
any materials and applying my new contrivance for heating and
cooling bodies, to the purposes to which it is applicable in any
form or manner which further experience may prove to be
advantageous and which is not inconsistent with the terms of his
Majesty's Letters Patent.

In witness whereof I the said Robert Stirling have hereunto
set my hand and seal this Twentieth day of January in the year
of our Lord one thousand eight hundred and seventeen.

Signed sealed and delivered
:'ngprﬂaf.-ncﬂ of [EEE_‘{I,;{] Robt. Stirling

(Rob. Cameron) Accountant in Edinburgh, :
(Franeis F. Cameron ) Preacher of the Gospel in Edinburgh.

RECENT GERMAN AERO-
PLANES.

TaroucH the courtesy of the Air Board we have
been afforded an opportunity of studying and
acquiring some first-hand information regarding
certain types of recently constructed German
aeroplanes and aero-engines. The collection 1s
housed in a conveniently situated building where 1t
is, and has been for some time, open to the aeroplane
designers of this country for their inspection. It may
be deseribed as a museum of aerial war relies, for 1t
comprises exhibits of German aeroplanes and aero-
engines that have been brought down by the British
forces, or have otherwise fallen into our hands. The
policy of those directing the exhibition—if we may
use that word of a collection that is not open to the
general public—is to endeavour so far as possible to
reconstruct a machine or engine of each type from
the undamaged parts of as many of the same class
as are requircd to afford a complete example.
Sometimes, of course, a practically undamaged
machine or engine will be obtained. At others, the
damage may be so great that the patient collection
of separate details from many different machines or
engines is necessary before a complete example of
the type cen be reconstructed. In addition to such
exhibits, a duplicate set of separate parts properly
sectioned or otherwise cut up toreveal the construction
is shown for each aeroplane or aero-engine. The
collection is naturally an expanding one, and certain
gaps—although they are wonderfully few—have yet
to be filled, even among the exhibits already shown.
Being intended to serve a strictly utilitarian purpose,
the exhibition does aot include Zeppelin relies. For
quite another reason it is confined to aeroplanes and
does not include, so far, a single seaplane or part of
one.

There would be little excuse for us were we to enter
into a long account of the multifarious details of
construction to be examined at the exhibition. It
may be taken for granted that whatever of these
details are novel and instructive have been duly
noted already by those who will know how to profit
by them. From the general point of view, however,
there are several points presented by the exhibits
that will, no doubt, be of interest to the average
engineer, and to these we will confine our attention.

Among the engines, the most striking feature in
our eyes is the sign afforded by the exhibition of the
German’s strong attachment to water cooling. The
Fokker machines, it 1s true, adopted the Gnome
rotary air-cooled engine—or the Gnome engine in all
but the name*—but the Halberstadt, the Albatross,
the Aviatik, the L.V.G., the Rumpler, the Gotha, and
so on, are all equipped with either the Benz or the
Mercédes six or seven-cylinder water-cooled engine
of the motor car type. This tendency, we suppose,
15 an illustration of German mentality, for the fact
1s that in the German aero-engine competition of
1912-13%, air-cooled engines were completely out-

SOME NOTES ON

®* The Gnome engine in Germany is known as the Oberursel.
t See THE EXGINEER for November 218t and December 5th, 1013
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Letters in square brackets are references in the text c
of the specthication which do not appear in the
original drawings. 19_/ [
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