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The present invention relates to vapor generators, and
more particularly to a thermally motivated actuator for
driving a tubular element in a predetermined direction
and amount in response to temperature changes.

In the majority of vapor generating units, thermal-
siphonic fluid circulation through the unit is attained by
a difference in the densities in the vapor-liquid mixture
in the heated leg of the thermal-siphon, as compared with
the density of the liquid in the relatively cold leg of the
thermal-siphon system. The cold leg of the system com-
prises the downcomers from the vapor-liquid drum to
the receiving ends of the heated vapor generating riser
tube portion, with the riser tube portion providing the
heated leg of the system. In order to attain maximum
differentials in temperature within the riser and down-
comer portions of a thermal circulating system, the down-
comer system is customarily formed by downcomer con-
duits positioned out of direct contact with the heating
gas stream.

With a difference in temperature between the vapor
generating portion of the circulating system and the down-
comer portion, differential expansions in the connected
portions result. This differential expansion is accom-
modated, where it is of an appreciable extent, through the
use of tubular expansion bends or loops which are dif-
ferentially moved under operating conditions interposed
between the portions. Such movements involve the de-
velopment of stresses in the metal of the tubular expan-
sion bends or loops. When the amount of expansion to
be provided for is unusnally great and the expansion loop
is heated to a relatively high temperature under operating
conditions, the stresses involved may be higher than is
considered acceptable for the high operating metal tem-
peratures.

This problem is accentuated in vapor generators using
mercury as the fluid heat transfer medium. Mercury
not only has a higher specific gravity than water but also
has a boiling or saturation temperature considerably
higher than water at the corresponding pressure. For
example, mercury at 140 p. s. i. has a boiling or saturation
temperature of approximately 975° F., while water at
the same pressure has a boiling temperature of approxi-
mately 350° F. The stressed expansion loops used in a

mercury vapor generator must be arranged so that the

stresses in the metal of the loop tubes is within satis-
factory stress limitations when operating at the relatively
high temperatures.

While it is recognized that adequate provision for tem-
perature expansion may be provided by expansion tube
loops having large offsets, such an installation would in-
volve a considerable volume of expensive mercury as well
as additional costs from the length of tubing and the
necessary provisions for supports and guides.

The present invention is directed to an arrangement
of expansion loop tubes coordinated with drive means to
cause a predetermined displacement of the tubes at a
position intermediate their length, whereby the stresses
in the metal of the loop tubes are maintained within
desired limits under all operating conditions while keep-
ing the size and character of the loop tubes within reason-
able cost limits. The invention is particularly directed
to an expansion loop tube system in which the expansion
loops are displaced by forces exerted by movements re-
sulting from the heat expansion of a part of the vapor
generator with which the expansion loops are associated.
The invention is also particularly directed to an ex-
pansion loop system component interposed in the down-
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- comer portion of the circulatory system of a vapor gen-
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erator, whereby controlled displacement of the expansion
loops is accomplished by the heat expansion of a portion
of the downcomer system before the expansion loops
attain the temperature of the expanded downcomer por-
tion.

The various features of movelty which characterize
my invention are pointed out with particularity in ihe
claims annexed to and forming a part of this specification.
For a better understanding of the invention, its operating
advantages and specific objects attained by its use, refer-
ence should be had to the accompanying drawings and
descriptive matter in which 1 have illusirated and de-
scribed a preferred embodiment of my invention.

Of the drawings: )

Fig. 1 is a siae elevation view, in section, of a vapor
generating unit incorporating the present invention;

Fig. 2 is an enlarged side elevation view of a portion
of the apparatus shown in rig. 1;

Fig. 3 is an enlarged end elevation view of the appa-

ratus shown in Fig. 2;

25

30

35

40

45

60

65

70

75

80

Fig. 4 is a section view taken on the line 4—4 of
Fig. 2; and :

Fig. 5 is a somewhat diagrammatic view of a portion
of the apparatus shown in rig. 1.

The drawings illustrate the application of the invention
to a vapor generator in which liquid mercury is vaporized
to provide a high temperature vapor fluid for use in a
prime mover driving an electric generator or for use
in other heat using processes. The invention is not lim-
ited to such insiauations inasmucn as it can be used
to advantage in other instaliations where a controiled
movement of one component of a unit by a change in
temperature of a related component is accomplished in
accordance with a change in temperature of tne related
component.

As snown in Fig. 1, the mercury vapor generator com-
prises a vapor and liquid drum 10, with associated mer-
cury heating and vaporizing tubes which receive liquid
mercury from the drum and deliver a mixture of mercury
vapor and liquid mercury to the drum. - ln the vapor
generator circuit liquid mercury flows from the drum
into six downcomer conduits i connected at longitu-
dinally spaced positions aiong the bottom of the drum.
A group of three conduits is connected to a downcomer
conduit 12 which extends to one side of the unit and a
second group is connected to a second similar downcomer
conduit to the other side. Downcomer 12 and its com-
plementary one on the opposite sid: of the unit delivers
liquid mercury through groups of expansion loops, such
as 13, to bottom supply headers 14 for the vapor gen-
erating tubes 15 of the side walls of the furnace 16. Ex-
pansion loops corresponding to 13, but not shown, also
extend from downcomers 12 to the supply headers 17 and
18 from which the front wall tubes 21 and rear wall tubes
22 of the furnace 16, respectively, receive liquid mercury.

The furnace 16 is heated by products of combustion
resulting from operation of the low load liquid fuel
burner 23 arranged in the rear wall of the furnace or by
burners 24, of the pulverulent fuel type, positioned in the
front wall 25.

The front wall tubes 21 extend upwardly from headers
17 forming the front hopper wall and then vertically
along the front wall to the top of the furnace 16 where
rearward extensions thereof line the roof. From the roof
level the tubes have vertical extensions 26 which are in
relatively wide horizontally spaced relationship. The
lower ends of the vertical extensions 26 are individually
connected to U-loop tubes which are arranged as part of
a horizontally extending bank, with the lowermost outlet
ends of the individual tubés connected into the vapor
space of drum 10. )

The rear wall tubes 22 extend from headers 18 along
the rear hopper wall and then vertically along the rear
wall 27. The majority of tubes 22 extend upwardly to a
position adjacent the lower end of the vertical extensions
26 where they connect into tube lengths which are associ-
ated as U-loop tube banks and open at their outlet ends
connected into the vapor space.of the drum. A portion
of the tubes 22 have extensions 28 to the uppermost level
of the unit and then extend downward in a plurality of
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serially connected loops 31 to connections into the vapor
space of the drum.

The side walls of the fuihace are lined with closely
spaced tubes 15, the tubes of each wall being divided
into- five groups, ¢ach of which receives liquid metcury
from a header 14. Bach groiip of side wall tubes is con-
niected at its uppér end to an outlet header 32 from which
individual discharge connections 33 extend to the drum
space.

In the vapor generating installation disclosed, the “up-
wardly extending heat absorbing elements, comptising the
front and réar fuinace wall tubes 21 and 22 and their ex-
tensioils in the conveciion pass, are top supported by
hanger elements 34 from external structiral stee]l members
such as 35 and 36. The outlet headers 32 serving the
furitace side wall tubes 15 are ¢orrespondingly supported
by hangers from supefadjacent structural steel members.
With this arrangement, the expansion of the héat absorb-
ing elements, upon change of temperature, will be in
a downward direction, and in the case of a mercury vapor
generator will be of a substantial amount inasmuch as the
température range will be from atmospheric temperature
up to a temperature in éxcéss of the saturation tempera-
ture of the meréury, as rélated to the pressure and the
temperature differential between the metal wall of the
tube and the confined mercury.

The drum 10 is supported by the steel work 36 at an
intérmediate position in the height of the unit.

Products of combustion generated in the lower part of
the furnace 16 from fuel and air introduced by the burn-
ers heat the exposed tubular walls of the furnace in their
upward travel to the furnace outlet 37 from which they
pass over the spaced vertical tube extensions 26, and in a
U-shaped path, because of baffle 38 associated with tube
extension 28 over the horizontally extending banks and
the multiple loops 31, to a gas outlet 41.

The mercury in the front, rear and side walls is heated
and caused to circulate dué to the thermosyphonic action,
delivering a vapor-liquid mixture of high quality to the
drum 19. Unvaporized liquid is separated within the
drum and flow$ by gravity into the conduits 11, while the
separated vapor is delivered through outlet 42 to a mer-
cury turbine or other user, A feed of liquid mercury to
replace that passing from the drum 19.is provided by con-
duit 43 which receives its supply from the condenser or
some similar source of liquid mercury.

The invention, as applied to the above described mer-
cury vapor generator, is utilized in providing a thermally
actuated device in conjunction with the expansion loops
interposed in the downcomer portion of the circulatory
system, so that adequate provision will be made for the
differential expansion incurred without subjecting the
metal of the loops to unacceptable stress conditions when
hot, vet retaining an economical design as regards the
utilization of expansion loops and a relatively small vol-
ume of mercury charge.

The downcomer systein between the drum and the lower
supply headers of the furnace wall tubes is shown in de-
tail in Figs. 2, 3 and 4, and comprises a pair of down-
comers 32, of which one only is shown in the drawings,
and the description will be limited to one. The down-
comer 12 extends horizontally with a slight downward in-
clination alongside the outside of the unit from the rear
to a central position relative to the side of the unit, and
between that position and a vertically depending portion
is provided with a bend 44. The downcomer 12 is pro-
vided with three points of support and guidance by a re-
silient spring hanger 45 adjacent the rear corner of the
unit, a vertical loading attachment by a drive member 46
and a parallelogram guide 47 to the vertical depending
portion.

The vertically depending conduit portion below the
guide 47 includes a manifold section 48 with a plurality
of longitudinally spaced integral tube stubs 51 for field at-
tachment by welding to the supply ends of the expansion
loops 13 as indicated at:52. The upper end of the man-
ifold section 48 has a field weld attachment as indicated
at 53 connecting it to the vertical conduit portion depend-
ing from drive member 46. With completion of the
aforementioned welds a liquid mercury flow path is pro-
vided from the drum 10 to the lower supply headers 14, 17
and 18 of the furnace wall tubes. )

As illustrated by Figs. 1, 2, 3 and 4, a linkage arm 49
of the drive member 46 is attached to the bend 44 of
downcomer 12 by a pin 54 extending between a pair of
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plate lugs 55 attached by welding to the arc of the bend
44. 'The upper end of the linkage arm 49 has an attach-’
ment by pin 56 to a horizontally extending arm 57 of a
bell crank which is provided with a pin type fulcrum at
58 and has a depending arm 61.

The thermally motivated actuator or drive member 46,
for modifying the position of bell crank mounted pin 54
is made up of the hereafter related elements.

The pin type fulcrum 58 is carried by a fixed bracket
62 attached to the structural steel member 63. The de-
pending arm 61 is attached by pin 64 and bolted bracket
65 to a tie member 66 which is built up of steel members
and extends substantially parallel to the horizontally in-
clined section of downcomer 12. The member 66 is at-
tached at a position spaced from pin connection 64 to op-
posite sides of a collar 67 encircling the downcomer con-
duit 12 and rigidly fixed thereon. A shim plate 68 of se-
lected thickness is interposed between the bracket 65 and
the tie member 66 as a means of adjusting the dimension
A between pin 54 and the collar 67.

A guide link 71 extends between the pin connections 54
in the lugs 55 to a pin connection 72 in a fixed structural
steel member 73, permitting the pin 34 to move through a
relatively flat vertical arc. This serves as a relatively
simple guide for movement of the bend 44 of the down-
comer 12.

In the assembly of the downcomer conduit parts with
the associated expansion loops 13 attached to the lower
headers 14, 17 and 18, the length of the depending mani-
fold section 48 of the downcomer below the weld 53 is
made of a dimension that it must be moved downward in
order to bring the related conduit ends in juxtaposition to
complete the weld 53. With the previous connection of
expansion loops 13 to the manifcld section by welds 52,

uch a downward movement distorts the expansion loops,

tending to close them. This places the metal of the ex-
pansion loops under a prestressed condition upon initial
assembly. )

The parallelogram guide 47 as shown in the drawings
has two collars 74 and 75 at longitudinally spaced posi-
tions on the depending manifold section 48 of the down-
comer conduit. These collars each have pin attachments
76 to corfesponding ends of a pair of guide links 77, which
are attached by pins 78 to brackets 81 fixed to a stationary
structural member 82, The links are of the same lengths
between pins, and the pins 76 are the same distance apart
as pins 78, so that with any up or down movement of the
collar embraced section, it is kept in parallelism as regards
its previous positions. The combination of guide link 71
and the parallelogram guide 47 insure a controlled posi-
tioning of the depending section of the downcomer 12
irrespective of any vertical movement caused by the drive
member 46.

In the normal operation of the mercury vapor generator
described, the mercury level is maintained between the
bottom of the drumn 10 and the elevation at which the
conduits 11 are attached to the inlet end portion of the
downcomer conduit 2. Even though the mercury level
may, uader abnormal conditions, attain an elevation with-
in the drum 18, the level of the mercury is always con-
siderably below the top or discharge end of the furnace
wall tubes 15, 21 and 22. With such a level relationship,

_ circulation does not take place within the vapor genera-

80

tor until a sufficient proportion of the mercury in the
tubes is vaporized so that the vapor-liquid mixture dis-
charges through the convection heated tube extensions 26
or 28 or the side wall discharge connections 33 to the
drum 16.

During the pericd of time when the change of density
is being accomplished by the initial burning of fuel, the
wall tubes are heated up and expand downwardly from
their top supports. This expansion moves headers 14,
17 and 18 downward, and this movement tends to open
the expansion loops 13, inasmuch as the manifold sec-
tion 48 does not move. This opening of the loops modi-
fies the stresses in the loop tubes as previously imposed
in the initial prestressing during assembly, as before de-
scribed, by imposing opposite stresses due to the great
extent of the downward movement of the lower headers.
The opposite stress inducing movement is of such magni-
tude as to have this reversed stress minimized upon sub-
sequent downward thermal expansion of the header 12,
manifold 48 and loops 13 by rising temperature of the
mercury flowing therein. o

While the stresses so developed in the metal of the
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expansion loops 13 under starting conditions, wherein the
wall tubes are expanded and the downcomer is relatively
cold due to absence of circulation, may be of an accept-
able value while the expansion loop tubes are relatively
cold, the stresses would be too high for normal operating
conditions when liquid mercury at a relatively high tem-
perature flows through the tubular loops.

A downward flow of relatively cold mercury in the
downcomer portion of the system is initiated upon dis-
charge of a mixture of vapor and liquid to the drum from
the furnace heat absorbing tubes. The vapor portion of
the mixture is separated from the liquid portion and
delivered to point of use, while the separated liquid and
a feed of liquid mercury from an external source passes
into the downcomer system. This mercury liquid is at a
relatively high temperature.

As the flow through the downcomer proceeds with the
continued generation of vapor, the hot mercury liquid
will reach the inclined portion -of the conduit 12 at collar
67. As the zone of hot liquid advances from the collar
toward the bend 44, the liquid will heat up the metal of
the conduit from its initial relatively cold temperature to
closely approach the temperature of the liquid, inasmuch
as the conduit 12 is suitably covered with heat insulation.
The change of temperature causes an expansion and
elongation of the heated zone of the conduit so that points
on the conduit as measured by dimension “A” under cold
conditions are moved further apart, when heated. As the
drive member 46 is not subject to a corresponding tem-
perature change, a compensating increase in the dimen-
sion “B” between the pin 56 and collar 67 is accom-
plished by a counter-clockwise rotation of the drive mem-
ber about its fulcrum pin 58. Counter-clockwise rota-
tion of the drive member moves the pin 54 downward
lowering the manifold section 48 and reducing the stresses
in the expansion loops 13 as incurred from the previous
downward movement of headers 14, 17 and 18. As the
hot liquid progressively flows downward from the bend
44 to the lower end of the depending manifold section 48
a further downward stress modifying movement resulis
from the elongation of the section due to its rise in tem-
perature. Thus, the subsequent entrance of hot liquid
mercury into the expansion loops 13 has been anticipated
by the movement of the manifold section 48 to reduce the
stresses in the loops to a value which is acceptable for
high temperature operation,

With the described arrangement of a combination of
a thermally actuated drive member and a prestressed as-
sembly of the expansion loops when in an unheated con-
dition, the overall range of loop displacement is incurred
with tube metal bending stresses changing from a minus
value at one extreme to a plus value at the other extreme
of movement, with maximum stress values of a character
which are but a fraction of the values incurred if such
stresses were solely minus or solely plus in character.

While other expedients, as for example by an increase
in the tube wall thickness, might be used to obtain a
stress condition in the expansion loop tubes which would
be satisfactory for the relatively high temperature operat-
ing condition, the decrease in flexibility of thicker tubes
requires an increase in the offset dimension of the loops
and involves higher costs due not only to higher material
and fabrication costs, but also because of the increased
weight of costly mercury to fill the additional expansion
tube volume.

It will be apparent that the movement developed by
the thermally actuated drive mechanism of the invention
may be directed in an upward direction, if such a direction
of the developed thrust is indicated. The drive mecha-
nism of the invention is also applicable to the movement
of tubular expansion bends or loops handling high tem-
perature fluids other than heated mercury, and in appli-
cations other than in the circulatory system of a vapor
generator.

While in accordance with the provisions of the statutes
I have illustrated and described herein the best form of
the invention now known to me, those skilled in the art
will understand that changes may be made in the form of
the apparatus disclosed without departing from the spirit
of the invention covered by my claims, and that certain
features of my invention may sometimes be used to advan-
tage without a corresponding use of other features.

I claim:

1. In a vapor generator having a top supported vapor
generating tube opening to a lower header and to an up-
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6
per liquid supply drum, the combination comprising a.
downcomer conduit connected with said drum and having’
a substantially upright lower end portion ending adjacent
said lower header, a flexible tubular expansion loop con-
necting said downcomer conduit and said header, and.
thermally motivated means operative to regulate down-
ward movement of the substantially upright lower end
portion of said downcomer conduit in response to tem-
perature changes within another portion of said down-
comer conduit, .

2. In a vapor generator having a top supported vapor
generating tube opening to-a lower header and to an
upper liquid supply drum, the combination comprising a
downcomer conduit connected with said drum and having
a horizontally inclined portion and an upright lower end
portion ending adjacent said lower header, a flexible fluid
supply tube connecting said downcomer conduit and said
header, and means motivated by thermal changes in the
horizontally inclined portion of said conduit to direct and
control downward movement of the upright lower end of
said downcomer conduit. )

3. In a vapor generator having top supported vapor
generating tubes opening to lower headers and to a liquid
supply drum supported at a level intermediate the height
of said tubes, the combination comprising a downcomer
conduit connected with said drum and having a substan-
tially upright lower end portion ending adjacent said lower
headers, a plurality of prestressed flexible tubes connect-
ing said downcomer conduit and said headers, the fabri-
cated straight line distance between ends of each of said
flexible tubes having a selected vertical dimension greater
than the vertical spacing between the header and conduit
connections of each tube when cold, and a thermally
motivated mechanism including a fixed position fulcrum,
and a bell crank pivotably connected with said fulcrum
and a linkage connected to said bell crank and at spaced
positions on said downcomer conduit to position the lower
portion of the downcomer conduit downwardly in response
to temperature changes in the portion of said conduit be-
tween the spaced positions of said mechanism.

4, Apparatus for controlling the thermal movement of
an elongated tubular element in response to changes in
the temperature of the element, said apparatus comprising
a collar attached to said element, a lug longitudinally
spaced from said collar and attached to said element, a
tie member attached to said collar at one end of the tie
member and having an arm portion of the tie member ex-
tending generally parallel to said element toward said lug,
a pivot pin rigidly supported at a position spaced from
said elongated element, a bell crank having a depending
arm pivotably connected with said tie member and piv-
otably attached to said supported pivot pin, and a linkage
arm pivotably mounted at its opposite ends to said bell
crank and said lug.

5. Apparatus for controlling the thermal movement
of an elongated tubular element having a bend intermedi-
ate its length, said apparatus comprising a collar attached
to said element, a lug longitudinally spaced from said
collar and attached to said element at said bend, a mem-
ber attached to said collar at one end of the tie member
and having an arm portion of the tie member extending
generally parallel to said element toward said Iug, a ful-
crum pin supported at a position spaced from said elon-
gated element, a lever arm pivotably connected with said
member and pivotably attached to said fulcrum pin, and
a linkage arm pivotably connected at its opposite ends
to said lever arm and said Iug and substantially in align-
ment with the longitudinal axis of the portion of said
element extending beyond said bend remote from said
collar and lug.

6. Apparatus for controlling the thermal movement of
an elongated tubular element in response to changes in
the temperature of said element, said apparatus compris-
ing a fixed fulcrum spaced from said element, a bell crank
attached to said fulcrum, a member pivotably attached
to a depending arm of said bell crank and its opposite
end attached to said elongated tubular element, and a
linkage arm having one end pivotably attached to the
other arm of said bell crank and depending therefrom
with the lower end of said linkage arm pivotably con-
nected with said tubular element at a position longi-
tudinally spaced from the point of attachment of said
member and said tubular element, whereby to urge said
tubular element downwardly at said position.

7. In a fluid flow system, the combination comprising
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an inlet and an outlet conduit, a plurality of flexible tubu-
lar expansion loops arranged in parallel with each other
and connecting the end portion of said inlet conduit with
the outlet conduits for fluid flow respectively there-
through, heating means causing downward movement of
said ontlet conduit in response to a temperature change
within said conduit, and a driving mechanism including a
fixed fulcrum positioned externally of said inlet conduit, a
bell crank associated with said fulcrum and attached
by connecting linkage to spaced positions alorg and moti-
vated by temperature change within said inlet conduit
causing movement of the expansion loop end portion of
said inlet conduit.

8. Apparatus for controlling the thermal movement of
an elongated tubular element having a bend intermediate
its 1ength comprising a collar attached to said element, a
lug longitudinally spaced from said collar and attached to
said element at said bend, a member attached to said
collar at one end and having an arm portion extending
generally paraliel o -said element toward said lug, a ful-
crum pin rigidly supported at a position spaced from
said elongated element, a lever arm pivotally connected
with said member and pivotally attached to said fulcrum
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pin, a linkage arm pivotally connected at its opposite;

ends to said lever arm and said lug and substantially in
alignment with the axis of the portion of said tubular

element beyond said bend remote from said collar and

Ing, a guide link arranged to guide the movement of
said bend in a flat arc lying in a plane common with the
longitudinal axis of said tubular element, and a par-
allelogram guide attached to said tubular element at a
position spaced from said collar and said lug to restrain
the movement of said tubular element within the plane
of said flat arc.
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