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1. 

3,35,041 
WATER TUBE BOLER 

Henry Daniel Watson, Chorley Wood, and Edward Cecil 
Richardson, London, England, assignors to Mitchel 
Engineering Limited, London, England, a coinpalay of 
Great Britain 

Filed May 21, 1965, Ser. No. 458,839 
19 Claims. (C. 122-250) 

ABSTRACT OF THE DISCLOSURE 
A water tube boiler in which water to be heated is 

circulated consecutively through three nested helically 
wound coil tubes, the convolutions of the two inner coils 
being in contact over the greater part of the lengths of 
the coils and spaced apart at alternate ends thereof, 
and which boiler has an air inlet where there is situated 
a burner for heating air pumped to the inlet and an out 
let for products of combustion at the opposite end of 
the furnace adjacent which there is mounted a deflector 
which ensures that the heated air circulates past all the 
helical coils before passing through the outlet. 

audiwanowoom 

This invention comprises improvements in or relating 
to water tube boilers. 

According to the present invention, a water tube boiler 
comprises a furnace casing mounted on a base, and 
having an air inlet at one end and an outlet for products 
of combustion at the other end, means for delivering fuel 
through the inlet to be burnt with the air, at least three 
nested and spaced helical tube coils connected together 
in series and disposed within the casing with their axes 
extending between said inlet and outlet and each of which 
coils is wound as a simple helix so that water or steam 
may flow through all its convolutions in the same direc 
tion, at least the two innermost coils of which nested 
coils each have their convolutions in direct contact over 
a substantial portion of their length so that the gases 
flowing into and through the innermost coil sweeps over 
a sinuous surface provided by its contacting convolu 
tions and then flows in the opposite direction between 
outer surface of the innermost coil and the next helical 
coil outside it and again changes direction in flowing 
between the last mentioned helical coil and the next 
coil outside it. 

According to another aspect of the invention a water 
tube boiler comprises a furnace casing mounted on a 
base and having an air inlet at one end and an outlet 
for products of combustion at the other end, means for 
delivering fuel through the inlet to be burnt with the 
air, at least three nested and spaced helically wound 
tube coils connected together in series and disposed with 
in the casing with their axes extending between said inlet 
and outlet, which nested coils have certain of their con 
volutions in contact and others spaced apart so that 
the hot gases after flowing through a space bounded 
by convolutions in contact pass through spaces between 
spaced convolutions into a surrounding space, change 
their direction, and flow past other convolutions. 

In one arrangement, the innermost helix has said spaced 
convolutions at its upper end and the next helix outside 
it has spaced convolutions at its lower end. 

In another arrangement, the convolutions of the inner 
most helix are in contact throughout the helix length and 
the helix next outside it has said spaced convolutions at 
its lower end. 

The casing may be surrounded by a cooling jacket 
through which air passes to said inlet, and the convolu 
tions of the outermost helix may be spaced apart over 
a major part of the length of the helix, and the con 
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2 
volutions spaced away from the air-cooled casing, or 
they may be in contact throughout the length of the 
helix which is arranged in contact with the air-cooled 
casing substantially over its whole length. 
The boiler may also comprise steam superheating tubes 

disposed in the combustion gas path and connected with 
a steam separator receiving wet steam from the water 
tubes. 

According to a feature of this invention, the water 
tube boiler may be provided with a steam tube wound 
spirally to lie on a surface of a cone, adjacent said outlet 
the convolutions being in contact thereby to close the 
upper end of the space within the two innermost helices, 
but leaving a central opening provided with a door to 
relieve furnace explosions which steam tube is connected 
to one of the helical coils. The conically wound steam 
tube is preferably connected to the innermost helical 
coil so that fluid flows from the latter into the conically 
wound steam tube. 

Also air heaters, or economisers may be arranged in the combustion gas path. 
A duplex fuel burner may be disposed within said 

air inlet and valve means are provided whereby one or 
other of Said burners is rendered operative. 
The furnace casing may be provided at one end with 

a removable cover and said coils are provided with dis 
connectable connections whereby they may be withdrawn 
from the end of the casing when the cover is withdrawn. 
The coils may be connected together in series by headers 

outside said casing and said headers are connected through 
joints in a wall of the casing to ends of the coils within the casing. 
As indicated above the casing of the furnace may be 

air-cooled and the air used for cooling the casing is fed 
to the air inlet. For instance the casing may be double 
Walled and an air supply may be passed downwardly 
through the space between the walls by a blower or ex 
Ector fan, the air flowing from this space to the air inlet. 
Preferably in any of the arrangements referred to above 

the casing is a vertically disposed cylinder and the air 
inlet may be arranged at the bottom thereof and the 
outlet at the top or vice versa. 
The various coils may be provided with drainage cocks 

So that the boiler may be self drained. 
According to this invention in another aspect, there 

is provided the combination with a water tube boiler as 
above Set forth, of a mounting base whereon the boiler 
is Supported on pillars, a fan for supplying air for cooling 
the furnace casing and to the air inlet, or a fan for 
exhausting combustion gases, a feed water pump, and 
a notor for driving the fan and pump, the fan, the pump 
and the motor, with or without ancillary equipment, being 
Secured on Said base, the combination constituting a steam generating plant capable of transportation as a unit. 
The fan, the pump and the motor may be disposed, 

in part at least, below the boiler. If an induced draught 
fan is used it is preferably located below the boiler. 
This arrangement facilitates transportation of steam 
generating plant over rough terrain. To improve trans 
portation in these circumstances, the packaged steam 
generating plant may comprise a framework extending 
from the base along one side of the water boiler and 
including skid members whereon the plant may rest dur 
ing transportation or movement of the plant. 
Some constructions of steam plant incorporating the 

above and other features of invention will now be de 
scribed in detail with reference to the accompanying 
diagrammatic drawings in which: 
FIGURE 1 is a vertical section through one construc 

tion of transportable packaged steam generating plant; 
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FIGURE 2 is a corresponding view of a second 
construction; 
FIGURE 3 is an elevation in half section of a third 

construction; and 
FIGURE 4 is a diagrammatic vertical section through 

a fourth construction omitting the water and air pump. 
The plant shown in FIGURE 1 comprises a mounting 

base 10 including a girder framework of which longi 
tudinal members 1 constitute skids for transportation 
purposes. 
The plant also comprises a boiler supported on pillars 

12 in spaced relation to the base 10. 
The boiler is cylindrical and comprises a double 

walled casing 13 having a centrally disposed air inlet 14 
at its lower end and at its upper end a chimney 15 
mounted centrally on a removable top 15a. The air inlet 
14 is fed with air through ducting 16 which communi 
cates with the space 13a between the walls of the casing 
13, the space 13a being fed with air through ducting 19 
by a forced draught fan 17 driven by a motor 18. The air 
from ducting 19 enters the space 13a at its upper end 
and circulates around the space before entering the 
ducting 6. 
The plant is fed with fuel to be burnt with the air, 

the fuel delivery means being below the boiler. In the 
form illustrated gaseous and liquid fuel are fed to a 
burner 20 disposed centrally of the inlet 14, gaseous fuel 
being supplied through pipe 21 and liquid fuel through 
pipe 22. The pipe 21 has a branch 23 leading to a pilot 
burner 24. The burner 20 may be duplicated so that one 
may be in operation while the other is being Serviced. 
The boiler is of the water tube type and has a spiral 

water tube arrangement. The water tube comprises three 
helically wound tube coils 25, 26, 27 disposed one inside 
the other in radially spaced relation. 
The outermost helix 27 has its convolutions in con 

tact with the inner wall of the casing 13, and water is 
fed to the upper end of this helix from an inlet header 
28 receiving water from a feed pump 29 through pipe 30. 
The pump 29 is driven by the motor 18. The lower end 
of the helix 27 is connected by pipe 27a to an inter 
mediate header 31, which is in turn connected by pipe 
26a to the lower end of the helix 26. The header 31 is 
immediately below the bottom wall 13b of the casing 
and the connecting pipes 26a, 27a are provided with 
readily disconnectable joints 26b, 27b so that the header 
3 may be separated from the helices 26, 27. 
The helix 26 has its lowermost convolutions in spaced 

relation and its upper convolutions in contact with one 
another, and the uppermost convolution lies against the 
circumference of a conical internal roof 34 provided 
with a hinged central explosion door 35. The upper end 
of helix 26 is disconnectably coupled by a joint 26d to 
a pipe 26c which in its turn is connected to a joint 26e 
to an intermediate header 36, the arrangement being 
Such that by loosening the joint 26e and disconnecting 
the joint 26d the upper end of the coil 26 is disconnected 
from the top and the pipe 26c swung clear of the top. 
A pipe 37 leads downwardly from header 36 to a fur 

ther header 38 disposed below the boiler and a pipe 25a 
including a disconnectable joint 25b connects the header 
38 to the lower end of the helix 25. The lowermost con 
volutions of the helix 25 are in contact and the upper 
convolutions are spaced apart. 
The internal roof 34 is lined with a spirally wound 

steam tube 39 which may constitute a superheater and 
which is connected at its larger diameter end with the 
upper end of the helix 25 and at its smaller diameter end 
with a steam outlet tube 40 leading to a steam separator 
4i having a steam outlet connection 42 containing a con 
trol cock 43. 
By virtue of this tube arrangement, the combustion 

gases produced by burning of fuel in the space 44 flow 
upwardly in this space and then downwardly between 
helices 25, 26 and then upwardly between helices 26, 27 
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4. 
to the chimney. The helix 27 protects the casing walls, 
which are also air-cooled, so that the use of a firebrick, 
or like lining is unnecessary. 
The headers 31, 36, 38 and the steam separator 41 

have drain cocks 45 and the pipe 40 has an air cock 40a 
whereby the tube arrangement may be completely self 
draining and flushing is facilitated when this is neces 
sary, any deposit within the tubes being washed out 
through the cocks 43 of the headers 31, 38. Also since 
the boiler top 15a is completely removable and the con 
nections to the headers contain disconnectable joints, 
the helices are readily replaceable. 
A similar arrangement is shown in FIGURE 2 in 

which references as used in FIGURE 1 are again em 
ployed to indicate like parts. 

In this construction, however, there are a plurality of 
water preheating inlet helices 127 between the headers 
28 and 31, and steam superheater coils 50 are disposed 
between the helices 25, 26, these coils being Supported 
on pillars 51. 
The helix 25 has its convolutions in contact through 

out the length of the helix, but as before the helix 26 
has its lowermost convolutions spaced apart. 

Another and similar arrangement, which however 
requires a smaller area base 10, is shown in FIGURE 3. 
In this arrangement, the pillars 12 are of Such height as 
to allow the motor 18, fan 17, feed water pump 29, 
a control gear casing 60 and other ancillary equipment 
to be located below the boiler. 
The two innermost helically wound water tube coils 

25, 26 are as in FIGURE 2, and the outermost helically 
wound tube coil 227 is spaced inwards from the casing 
13 and has some of its convolutions in contact and others 
spaced apart. A refractory lining 61 is provided for the 
iower part of the casing 13. 

Also for transportation, the plant is turned on its back 
and slides on a pair of skids 62 which are longitudinal 
members of a framework 63 which extends across the 
back and partly across the sides of the plant when it is 
standing on its base 0. 
The arrangement shown in FIGURE 4 is somewhat 

similar to that of FIGURE 2 but with furnace casing 
and air cooling jacket 13 and air inlet 14 and outlet to 
chimney 5 inverted. 
The water enters at 61 and flows downwardly through 

the helical preheating coils 27 the lower end of which 
are connected by the pipes 127a to a header beneath 
the bottom of the furnace casing. The header is provided 
with a drainage cock 45 and with an upwardly extending 
pipe 6i leading to the bottom end of the intermediate 
helical coil 26. The upper end of this coil is connected by 
a pipe 62 which extends downwardly outside the casing 
and is connected to the lower and smaller end of the 
spiral helical coil 39. The lowest part of the pipe 62 is pro 
vided with a drainage cock 45. The lower end of this is 
provided with a central opening closed by the hinged 
explosion door 35. The upper end of this latter coil is 
connected by a pipe 63 with the lower end of the inner 
most helical coil 25 and the upper end terminates in a 
spiral helical coil 25a having a central opening at its 
upper and smaller end opposite the inlet 14. The upper 
end of this coil is connected by a pipe with a steam sep 
arator 41. As in the construction of FIGURE 2 super 
heater pipes 50 are disposed in the space between the 
helical coils 25 and 26 and are fed with steam from the 
Stean Separator by a pipe 65 and superheated steam leaves 
them through the pipe 66. 

Duplex oil burners are directed into the air inlet 14 
which latter receives air from a cowl 67 communicating 
with upper end of the air jacket 13a the lower end of 
which receives air from an impeller (not shown). The 
air impeller and a pump for the water both driven from 
the same motor are mounted on the base or carriage 10. 
The lower end of the furnace casing is also provided with 

a cowl 68 which communicates with a chimney. 
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The hot products of combustion flow downwardly 
through the innermost helical coil all the convolutions 
of which contact with one another. They flow out of the 
lower end thereof and up through the space between the 
helicals 25, 26 and past the superheater coils. They then 
pass through spaces between the convolutions at the upper 
end of the helical coil 26 and downwardly between the 
remaining convolutions of that coil which contact with 
one another and between the convolutions of the coils 127 
and finally pass into the cowl 68. 
The cowl 67 together with burners may be detachably 

secured to the upper end of the furnace casing and the coils 
so detachably mounted in the bottom wall 13b that they 
may be removed from the top of the furnace. 
We claim: 

... A water tube boiler comprising, 
(a) a furnace casing mounted on a base and having 
an air inlet at one end and an outlet for products of 
combustion at the other end, 

(b) means adapted to deliver fuel and air for combus 
tion through the inlet, 

(c) at least three nested and spaced helical tube coils 
connected together in series and disposed within 
the casing with their axes extending between said 
inlet and outlet, and each of which coils is wound as 
a helix, the outermost coil having all its convolu 
tions in contact and the other coils having certain 
convolutions in contact throughout their circum 
ferences and others spaced apart throughout their 
circumferences, the coil next to the outermost coil 
having spaced convolutions at the end adjacent the 
inlet of the furnace, and the next coil having spaced 
convolutions at the end adjacent the outlet of the 
furnace, 

(d) a deflector means mounted within the furnace 
casing, opposite the outlet end thereof, and adapted to 
overlie the end convolutions of the helical coils 
other than the outermost coil to prevent a direct flow 
of the products of combustion through the outlet and 
to deflect the products of combustion between the 
helical coils, so that they pass from the space be 
tween the two outer coils, over the outside of the 
deflector means and through the outlet. 

2. A water tube boiler according to claim 1 wherein 
said deflecting means is provided with a door opposite 
said outlet and adapted automatically to open upon build 
up of pressure within the furnace. 

3. A water tube boiler according to claim 1 wherein 
the deflector means comprises a spirally wound steam tube 
adapted to lie on an inwardly directed face of a conical 
plate and connected in series with the innermost coil. 

4. A water tube boiler according to claim 3 wherein 
the innermost convolution of the spirally wound steam 
tube is provided with a central opening and the conical 
plate is provided with a central door adapted automatically 
to open upon build up of pressure within the furnace. 

5. A water tube boiler according to claim 1 wherein 
the convolutions of the innermost helix are in contact 
throughout the helix length and the adjacent helix has 
said spaced convolutions at its lower end. 

6. A water tube boiler according to claim 1 wherein the 
casing is surrounded by a cooling jacket through which 
air circulates and then passes to said inlet and wherein 
the convolutions of the outermost helix are spaced apart 
over a major part of the length of the helix, and the con 
volutions are spaced away from the air-cooled casing. 

7. A water tube boiler according to claim 1 wherein 
the casing is surrounded by a cooling jacket through 
which air circulates and then passes to said inlet and 
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6 
wherein the convolutions of the outermost helix are in 
contact throughout the length thereof with the air-cooled 
casing substantially over its whole length. 

8. A water tube boiler according to claim 1 wherein 
steam superheating tubes are disposed in the combustion 
gas path between the innermost and next helical coils and 
are connected to a steam outlet of a steam separator which 
receives wet steam from the water tubes. 

9. A water tube boiler according to claim 1 wherein 
said casing is a vertically disposed cylinder having said 
inlet at the bottom thereof and the outlet at the top there 
of and wherein said helical coils are co-axial with the axis 
of the cylinder. 

10. A water tube boiler according to claim 1 wherein 
said casing is a vertically disposed cylinder having said 
inlet at the top thereof and the outlet at the bottom there 
of and wherein said helical coils are co-axial with the axis 
of the cylinder. 
1. A water tube boiler according to claim 1 wherein 

any of said coils are provided with drainage cocks. 
12. A water tube boiler according to claim 2 wherein 

the outlet from said steam pipe is connected to a steam Separator. 
13. A water tube boiler according to claim 1 wherein 

duplicate fuel burners are disposed obliquely to one an 
other and with their outlets substantially coincident with 
in said air inlet and valve means are provided whereby 
one or other of said burners is rendered operative. 

14. A water tube boiler according to claim 1 wherein 
said furnace casing is provided at one end with a remov 
able cover and said coils are provided with disconnect 
able connections whereby they may be withdrawn from 
the end of the casing when the cover is withdrawn. 

15. A water tube boiler according to claim 11 wherein 
said coils are connected together in series by headers 
outside said casing and said headers are connected through 
joints in a wall of the casing to ends of the coils within the casing. 

16. The combination with a water tube boiler as claimed 
in claim 1 of a mounting base wherein the boiler is sup 
ported on pillars, a fan for circulating air through the 
furnace, a feed water pump and a motor for driving the fan 
and pump, the fan, the pump and the motor being secured 
on said base, the combination constituting a steam gen 
erating plant capable of transportation as a unit. 

17. The combintion according to claim 14 wherein the 
fan, the pump and the motor are disposed in part at 
least, below the boiler. 

18. The combination according to claim 14 the fan 
E. an induced draught fan which is located below the 
Oller. 

19. The combination according to claim 14 further com 
prising a framework extending from the base along one 
side of the water boiler and including skid members where 
in the plant may rest during transportation or movement 
of the plant. 
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