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This invention relates to shot cleaning systems for heat 
exchangers of the kind in which shot, commonly in the 
form of cleaning particles of steel, is discharged from a 
recovery hopper above the heat exchanger surfaces to be 
cleaned and the shot, having passed downwardly over the 
surfaces, is colected for return to the recovery hopper. 

Conveniently, pneumatic handling means can be pro 
vided for carrying the colected shot to the recovery hop 
per, in which case it is desirable that the cleaning cycle 
should be initiated only when the handling means are in a 
condition to handle the shot and the discharge of shot 
should immediately be discontinued in the event of the 
handling means becoming ineffective. Moreover, when 
the colected shot has been delivered to the recovery hop 
per, the handling means should be shut down. 

In such a system, if the surfaces to be cleaned are al 
lowed to become unduly foul, the shot tends to become 
trapped during its downward passage through the gas 
pass containing the heat exchanger and indeed it is pos 
sible for the whole of a normal charge of shot to be lost 
in this way, in which case the gas pass holds not only the 
deposits which should have been removed from the heat 
exchanger surfaces but also the charge which should have 
removed the deposits. Furthermore, the medium for re 
moving the deposits is no longer available for use. It is 
important to guard against this eventuality. It is also im 
portant in order to maintain the efectiveness of the heat 
exchange surfaces to operate the shot cleaning system at 
suficiently short intervals of time. 
The invention includes a shot cleaning system for a heat 

exchanger having recovery hopper means above the sur 
faces to be cleaned, first automatically controlled valve 
means for controlling the discharge of shot from the hop 
per means onto the surfaces to be cleaned, colecting 
hopper means disposed below the surfaces to be cleaned 
and handling means for returning shot colected in the 
collecting hopper means to the recovery hopper means, 
means sensitive to a condition in the handling means and 
arranged when the shot collected in the colecting hopper 
means has been returned by the handling means to the 
recovery hopper means, to efect operation of control 
means automatically to stop the operation of the handling 
means, means sensitive to the presence of shot at a se 
lected high level in the recovery hopper means, and pre 
cautionary means arranged automatically to exert a sig 
nal should the operation of the handling means be dis 
continued when shot is not present at the selected high 
level. 
The invention also includes a shot cleaning system for a 

heat exchanger having recovery hopper means above the 
surfaces to be cleaned, a first automatically controlled 
valve for controlling the discharge of shot from the hop 
per means onto the surfaces to be cleaned, colecting hop 
per means below the surfaces to be cleaned, pneumatic 
handling means for returning shot colected in the colect 
ing hopper means to the recovery hopper means, a sec 
ond automatically controlled valve for controlling the 
discharge of shot from the colecting hopper means to the 
pneumatic handling means and pressure sensitive means 
responsive to pressure conditions in the pneumatic han 
dling means and adapted to distinguish between the con 
dition when the handling means are free from shot, the 
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condition when the handling means are conveying shot 
and the condition when the handling means are over 
loaded with shot and to exert control such that opening 
of the first valve will occur only when the handling means 
are free or substantially free of shot and closure of the 
second valve will automatically occur if during convey 
ance of shot the handling means become overloaded. 
The invention will now be described, by way of ex 

ample, with reference to the accompanying diagram 
matic drawings, in which: 

FIG. 1 is a sectional elevation, party broken away and 
not to Scale, through an upright gas pass containing a 
tubulous heat exchanger, and parts of a shot cleaning 
System associated with that heat exchanger; 

FIG. 2 is a sectional side elevation through a level sen 
sitive switch device shown in FIG. 1; and 

FIG. 3 is an electrical circuit diagram of control means 
for the shot cleaning system indicated in FIG. 1. 
An upright gas downpass 1, of considerable vertical 

extent, contains a bank of heat exchange tube lengths 3 
which extend horizontally across the gas pass and are 
connected in known manner at their ends to form sinuous 
tubes of an economizer of a steam generator. The upper 
most horizontal row of tube lengths is spaced from the 
top of the gas pass and the lowermost horizontal row of 
tube lengths is spaced a short distance from a lower part 
of the gas pass, which is so formed as to provide two col 
lecting hoppers 5A and SB. 
Above the gas pass 1 is arranged a recovery hopper sys 

tem 7 comprising a main shot hopper 7A and a reserve 
shot hopper 7B. The hoppers are provided at their lower 
ends wtih outlets 9 and 11 respectively and these outlets 
are provided with conical valves 13 and 15 respectively. 
Valve 13 is movable between open and closed positions 
by a pneumatic cylinder 17 controlled by a solenoid valve 
operator 18 (see FIGURE 3) arranged to efect opening 
and closure of the valves associated with the pneumatic 
cylinder, and the cylinder is coupled to the valve 13 
through a linkage 19. Valve 15 is similarly movable by a 
pneumatic cylinder 21 associated with a solenoid valve 
operator 22 and is coupled to the valve through a link 
age 23. Both cutlets 9 and 11 communicate with a dis 
tributor 25 from which extend six discharge ducts 27 
having their outlet ends 27A suitably distributed over the 
Whole cross-sectional area of the upper part of the gas 
pasS 1. 
The two colecting hoppers 5A, 5B are provided with 

automatically controlled valves 29A, 29B respectively, 
for controlling the discharge of shot from the hopper. 
Valves 29A, 29B are cup valves actuated by pneumatic 
cylinders 31A, 31B controlled respectively by solenoid 
valve operators 33A, 33B (see FIGURE 3) arranged to 
efect opening and closure of valves associated with the 
pneumatic cylinders. 

Disposed immediately below the valve 29A is a Ven 
turi nozzle type pneumatic handling device 34A having its 
inlet end connected to a fan 35 driven by an electric motor 
(not shown), the outlet from the colecting hopper 5A 
discharging into the narrow part of the Venturi nozzle, 
and the outlet end of the nozzle is connected by an up 
take duct 37A to a separator 39A arranged to separate 
entraining air from the shot and to return the shot to the 
hopper 7A. The separator 39A is in the form of a short 
upright tube with a closed upper end. Air and entrained 
shot enter the separator from the duct 37A, their upward 
movement is arrested by the closed upper end and they 
are discharged downwardly. The shot enters the hopper 
7A and the air escapes laterally. In a similar manner 
a pneumatic handling device 34B is disposed immediately 
below the valve 29B, and has its inlet end connected to 
the fan 35 and its outlet end connected by an uptake 
duct 37B to a separator 39B arranged to return separated 
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shot to the hopper 7A. The hoppers 7A and 7B are so 
arranged that the returned shot first fills the hopper 7A. 
and then spils over into the other hopper 7B. An out 
let duct 4 is connected to the enclosed upper ends of 
the hoppers 7A and 7B and communicates with a gas 
fue leading from the lower end of the pass 3. 

Associated with the pneumatic handling device 34A 
is a pressure sensitive device 43A of the type having a 
casing 45A (see FIGURE 3) divided by a flexible dia 
phragm 47A into two chambers 49AX and 49AY which 
are connected respectively by pipes 53 A to the Venturi 
nozzle on opposite sides of the throat. The center of the 
diaphragm is coupled by a suitable mechanical linkage 
55A to a switch device 57A having three electrical 
switches 57AX, 57AY and 57AZ. The mechanical link 
age 55A is arranged to close all three switches 57AX, 
57AY and 57AZ upon the occurrence of the pressure 
drop in excess of a predetermined value across the nar 
row part of the Venturinozzle, but to permit the switches 
57AX and 57AZ to open upon the pressure drop faling 
to a second, lower predetermined value. At still lower 
pressure drops including zero pressure drop all three 
switches are open. 

Associated with the pneumatic handling device 34B is a 
similar pressure sensitive device 43B having a casing 
45B divided by a diaphragm 47B into two chambers 
49BX and 49BY connected respectively by pipes 53B to 
the Venturi nozzle. A linkage 55B couples the dia 
phragm to a switch device 57B having three electrical 
switches 57BX, 57BY and 57BZ. These switches are 
actuated in a manner similar to the switches 57AX, 57BY 
and 57BZ respectively. 

Associated with the hopper 7A is a high level respon 
sive device 63A including (see FIGURE 2) a sheet metal 
casing 65 forming an open-bottomed chamber 67, one side 
of the casing being formed with an aperture 69. Inside 
the chamber 67 is located a flap 74 mounted on a pivot 
73 and provided with a lever arm 75 extending across 
the chamber and coupled to an upright rod77. The rod 
77 extends upwardly through a tubular extension 65A 
of the casing 65 and is guided in a cross-member 79 
mounted at the upper end of the extension. The com 
bined weight of the rod 77 and the lever arm 75 is suf 
ficient to tilt the flap from the vertical to the position 
shown in FIGURE 2, in which its lower edge butts against 
the casing 65 adjacent the aperture 69. When the flap 
is in this position, the upper end of the rod 77 is posi 
tioned a short distance below the plunger of an electric 
switch 81.A the contacts on which are spring biased to the 
closed position. The casing 65 is disposed in the hopper 
7 with the aperture at a level at which the presence of 
shot is to be detected. When shot is heaped up over the 
lower part of the casing 65, some of it enters the aper 
ture 69 and, by pressing upon the flap 71, turns that flap 
on its pivot 73 to raise the rod77 and so open the switch 
8.A. When shot subsequently fals away from the level 
of the casing, any shot inside the chamber 67 also fals 
away and the flap 7 is free to return to the position 
shown in FIGURE 2, so that the switch 81.A recloses. 
A similar high level responsive device 63B is provided 

in the hopper 7B and includes a switch 85B, and similar 
low level responsive devices 83A and 83B are provided 
at low levels in these two hoppers 7A and 7B respective 
ly and are provided with switches 85A and 85B respec 
tively. 

In the arrangement shown in FIGURE 1, two colect 
ing hoppers SA and SB are provided, and in any instala 
tion the number of collecting hoppers to be provided at 
the bottom of the gas pass is determined by the width 
of the gas pass and by the height available for the pro 
vision of the hoppers and the subjacent pneumatic han 
dling device or devices. The number of colecting 
hoppers will normally be one, two or three. 

Referring now to the circuit diagram of FIGURE 3, 
the parts of this have been arranged in such a manner 
that, although it is drawn for an instalation utilizing two 
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4. 
colecting hoppers, it will be clear how the circuit shown 
may be modified for use with one hopper or with three 
or more hoppers. Thus, the lower part of the diagram, 
marked G, includes the parts of the control system relat 
ing to the fan 35 and the recovery hoppers 7A and 7B, 
while the two upper parts I and II include respectively 
the two parts of the circuit peculiar to the two colecting 
hoppers 5A and 5B. 
A single phase alternating current supply is connected 

between the terminals 2. A timing device 23 is ar 
ranged to close, at a preset time after it is energized, 
a time switch 425, this period suitably being between two 
and four hours. A manually operable pushbutton Start 
switch 27, spring biased to its open position, is con 
nected in paralel with the switch 25. Connected in 
series between the terminals 2 with the parallel com 
bination of switches A25 and 27 is the operating coil 
129C of a Start relay É29 having two normally open 
switches 129X and 29Y and a normally closed switch 
29Z. The switch 29Z is connected in series with the 
timing device 23 between the terminals 12. Thus, 
closure of the contacts of the time switch 125 or of the 
switch 27 will energize the Start relay and so open 
switch 2:29Z and close both the switches 129X and 29Y. 
The switch 29Y is in series between the terminals 2 
with a manually operated Stop switch 131, which is spring 
biased to the closed position, and a Stop switch 133X of a 
Stop relay 33. The switch 133X is normally closed, 
but it is opened upon energization of an operating coil 
33C of the Stop relay. If the relay 133 is not energized, 

then, unless the Stop switch 131 is manually opened, 
when the coil 929C of the Start relay 29 is energized, 
the closure of its switch 29Y will complete a hold cir 
cuit by which that coil will continue to be energized even 
when both the switches 125 and 27 are open. The sec 
ond switch 29X of the Start relay A29 is in series be 
tween the terminals 2 with a motor starter control 
135 which when energized by closure of the switch 129X 
starts up the motor driving the fan 35 and runs the mo 
tor and thus, fan 35 up to speed. 
A second normally open switch 133Y of the Stop relay 
33 is connected in series between the terminals 2 with 
one movable arm 136A of a two-position, multi-pole 
switch, a selected one of the two high level switches 81A, 
81B of the high level responsive devices associated with 
the two hoppers 7A and 7B, and with an audible and 
visible alarm device 137. It will be seen that the alarm 
device 37 is energized so as to give an alarm only if the 
Stop relay 133 has operated to stop the fan 33 and at the 
same time the level of the shot in the selected hoppers 7A 
or 7B is lower than it should be. 

In the circuit part I, the switch 57AX of the pressure 
sensitive device 43A is connected in series between the 
terminals 121 with the operating coil 141AC of a relay 
14. A associated with that device. Similarly, in the cir 
cuit part II, the switch 57BX of the pressure sensitive 
device 43B is connected in series between the terminals 
121 with the operating coil 14ABC of a relay 141B 
associated with that device. 
The switch 57AZ and the switch 57BZ of the devices 

43A and 43B respectively are connected in series between 
the terminals 121 with one another and with a normally 
closed switch 143X of a relay 143 and the operating coi 
145C of a time delay relay 45. It will be seen that this 
circuit is completed by a link X applied between terminals 
BX1 and BX2 on circuit part II. If only one colecting 
hopper 5A had been provided, the circuit part I would 
have been omitted and the link X applied to the terminals 
AX1, and AX2 of the circuit part I. On the other hand, 
if three colectinghoppers had been provided, a third cir 
cuit part II similar to circuit parts I and I would have 
been added to the top of FIGURE 3, and the link X re 
moved from the position shown and inserted in the cor 
responding place in the circuit III. By the application of 
the link in the manner indicated to the uppermost circuit 

75 partin use, the circuit shown can readily be modified to 
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accommodate a number of colectinghopper circuits other 
than two. 
The relay 145 includes a switch 45X connected in 

series circuit with the operating coil 143C of relay 143, 
the series combination being connected in paralel with 
the series combination of switch 43X and the coil 14:5C. 
When relay coil 145C is energized, switch 145X closes 
and relay coil 143C is energized. When relay coil 143C 
is energized, switch 143X opens the circuit through coil 
145C but remakes a new circuit in which it by-passes 
switch 145X to provide a hold-circuit for its own operat 
ing coil 143C. 

Should both of the pressure sensitive devices 43A and 
43B be subjected to the first, higher predetermined pres 
sure drop, which will happen if both shot returning cir 
cuits are free from shot and the fan 35 is operating prop 
erly, then switches 57AX and 57BX are both closed and 
initially the coil 14:5C of the relay 145 is energized; after 
a designed delay period coil 145C efects closure of the 
switch 145X(unless during that period it becomes de 
energized), so energizing the coil.43C of relay 1.43. This 
in turn effects closure of a second switch 143Y of relay 
143, opening by switch 143X of the circuit through coil 
145C, and the establishment of a hold circuit by switch 
143X for relay coil 143C. Closure of switch 43Y com 
pletes a series circuit between terminals 2 which in 
cludes operating coil 133C of relay 133 and the switch 
143Y. The stop relay 133 thus operates and switch 33X 
opens. This de-energizes the operating coil 29C of 
relay 129, opening the switch. 129X and by de-energization 
of the motor starter control. 35 stopping the motor driv 
ing the fan 35. This stopping of the fanis prevented upon. 
the commencement of operation by opening of one or both 
of switches 57AZ, 57BZ, as described below. 

In the circuit part I, the relay 41.A includes four 
switches 141AW, 141AX, 41AY, and 14 AZ all nor 
mally open but closing upon energization of the coil 
141AC by closure of switch 57AX. Switch 57AY of the 
pressure sensitive device 43A is in a series circuit between 
the terminals 121 with switch 41AW and the solenoid 
valve operator 33A which controls the valve 29A asso 
ciated with the colecting hopper 5A. It follows that the 
valve 29A is open when switch 57AY is closed, that is to 
say when the pressure drop across the throat of the Ven 
turi nozzle of device 34A is at the second, lower prede 
termined value corresponding to an operating condition 
in which there is shot passing through the uptake duct 
37A. Switch 141AX is in series circuit between the ter 
minals 121 with the switch 57AY and the relay coil 
141AC, so that one relay 441.A is energized, then as long 
as either of the switches 57AX and 57AY, is closed, the 
relay coil 141AC will continue to be energized. 
Switch 14:1AY is in series circuit between the terminals 

121 with a normally closed switch 1.47X of a relay 147, 
a similar switch 14:BY in a similar relay 141B in circuit 
part II, a second movable arm 136B of the two position 
switch referred to above, and either the solenoid valve 
operator 18 controlling the valve 13 at the outlet from the 
recovery hopper 7A, or the solenoid valve operator 22 
controlling the valve 15 at the outlet of the recovery hop 
per 7B, depending upon the setting of the two position 
switch incorporating movable arms 136A, 36B and a 
further movable arm 136C. The three arms 136A, 136B 
and 136C move in unison so that they make either three 
circuits associated with hopper 7A or three circuits asso 
ciated with hopper 7B. Relay 147 includes an operating 
coil 147C connected in series circuit between the terminals 
12.1 with the movable switcharm 136C and with a selected 
one of the two low level switches 35A, 85B of the low 
level responsive devices associated with the two hoppers 
7A and 7B. As long as the selected hopper 7A or 7B is 
filled above the efective level of the low level device, the 
associated switch 85A or 85B is open, the relay coil 147C 
is de-energized, and the switch 47X is closed. When the 
discharge of shot from the hopper 7A or 7B (selected by 
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the setting of the two position switch) causes the asso 
ciated low level responsive device to be uncovered, its 
switch 85A or 85B closes, coil 147G is energized, switch 
147X opens, and the discharge of shot from that hopper 
is stopped by closure of the associated valve as the as 
sociated solenoid valve operator 18 or 22 is de-energized. 
The relay 147 also includes a normally open switch 147Y 
connected in series between the terminals 121 with switch 
141AZ and the relay coil 147C to provide a hold circuit 
for the relay 147 so that it is impossible for selected 
solenoid valve operator 18 or 22 to become efective, even 
if the selected hoppers 7A or 7B becomes filled above the 
level of its low level responsive device until the relay 147 
is caused to open upon the pressure drop across the Ven 
turi throat falling to a very low value upon stoppage of 
the fan 35 or overloading of both handling devices 34A, 
34.B. 
The circuit part II is similar to the circuit part I, in 

cluding the relay, 14B corresponding to the relay 141A 
and having an operating coil 141BC and switches 14BW, 
4.BX, 141 BY and 141 BZ. The switch 141BW is in 

series with the solenoid valve operator 33B which con 
trols the valve 29B associated with the colecting hopper 
5B. Switch 4.BX controls a hold circuit for the coil 
14:BC. Switch 4ABY is in series with the switch 
14.AY. Switch 14:BZ is in paralel with the switch 
41AZ. 
The shot cleaning system described above will normal 
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the instigation of the timer 123, which closes the switch 
25, but the cleaning operation may be commenced by 

closure of the manually operated push button Start 
switch. 27. 
At the commencement of a cleaning operation, valves 

3, 5, 29A and 29B will be closed, the fan will be qui 
escent and both recovery hoppers 7A and 7B will be 
filed to the levels indicated in FIGURE 1 with shot. 
Upon closure of either switch 125 or switch 127, the re 
lay 29 is energized and causes energization of the mo 
tor starter control. 135 through closure of the switch 
129X. Initially, the pressure drop across each Venturi 
nozzle is zero and the switches of the pressure sensi 
tive devices 43A and 43B are all open. As the rate of 
air flow from the fan 35 increases, the pressure sensitive 
devices will act to close the switches 57AY and 57BY. 
This will have no efect, since the series switches 141AW 
and 4.BW are both open. As the pressure drops across 
the two Venturis increase further, the pair of switches 
57AX, 57AZ and 57BX, 57BZ also close by the action 
of the pressure sensitive devices 43A and 43.B. Thus, 
when a suficient flow of air is taking place through the 
pneumatic handling device 34A, a circuit is established 
through switch 57AX to operate relay 141.A and thus 
establish a further circuit through switch 141AW and 
solenoid valve operator 33A to open colecting hopper 
valve 29A. In a similar manner, upon a suficient flow 
of air through the pneumatic handling device 34B, sole 
noid valve operator 33B efects opening of collecting 
hopper valve 29B. Closure of both of the switches 
57AX, 57BX also energizes through the series connected 
switches 41AY and 141BY the selected solenoid valve 
operator 18 which causes opening of valve 13 of the 
main shot recovery hopper 7A. Shot released from the 
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hopper 7A fals down into the distributor 25 and thence 
through the six discharge ducts 27 for discharge from 
the outlet ends 27A of those ducts to fall onto and to 
pass between the heat exchange tube lengths 3. In their 
fall the shot dislodges particles of dirt from the tubes, 
and these pass downwardly with the shot to the lower 
part of the gas pass 1. This cleaning operation is car 
ried out with the induced draught fans of the steam gen 
erator in operation, so that there is a considerable flow 
of air or gases through the downpass. The dirt is for 
the most part entrained by the air gases and swept out 
from the gas outlet (not shown) at the foot of the down 



3,130,778 
7 

pass, to be separated from the air or gases in the gas 
cleaning plant associated with the chimney of the steam 
generator. 
The shot so discharged into the gas pass 1 colects 

in the two collecting hoppers 5A and 5B and from each 
hopper a steady stream of shot fals into the associated 
pneumatic handling device 34A or 34B. It is entrained 
in the stream of air from the fan 35 and swept up the 
associated uptake duct 37A or 37B to the associated sep 
arator 39A or 39B. The separated shot fals into the 
main hopper 7A and the separated air passes through to 
duct 4 to the gas cleaning plant referred to above. 
As each pneumatic handling device 34A, 34B com 

mences to handle shot from its associated colecting hop 
per, the associated pressure sensitive device 43A, 4.3B 
will open its switches 57AX, 57AZ or 57BX, 57BY. 
While the cleaning operation is in progress, some of 

the shot will be in circulation in the gas pass, in the col 
lecting hoppers 5A and 5B, and in the uptake ducts. 
Since the rate of return of shot is less than the rate of 
discharge from the recovery hopper 7A, after a time the 
high level responsive device becomes uncovered and 
switch 8.A closes. This has no efect on the control 
system since the series switch 33Y is still open. After 
a further time interval, the low level responsive device 
becomes uncovered and switch 85A closes. This ener 
gizes the relay 147, which is then held by the hold cir 
cuit through switch 47Y and either or both of the 
switches 14 AZ, 141 BZ. Opening of switch 47X de 
energizes the solenoid 18 to cause closure of the valve 
13 controlling the discharge of shot from the recovery 
hopper 7A. However, shot already in the system con 
tinues to reach the two pneumatic handling devices 34A 
and 34B and is returned to the hopper 7A. 

It may happen that one of the pneumatic handling 
devices, say the device 34A, becomes overloaded with 
shot. This will cause an excessively low pressure difer 
ential across the throat of the Venturi, the pressure sen 
sitive device 43A will open all the contacts 57AX, 57AY 
and 57AZ, relay 41.A will be de-energized, so de-ener 
gizing the solenoid valve operator 33A and causing clo 
sure of the valve 29A associated with the colecting hop 
per 5A. This permits the pneumatic handling device 
34A to dispose of the surplus of shot, and when it has 
done so the pressure diferential across the throat of the 
Venturi rises and through the pressure sensitive device 
43A first closes the switch 57AY, which has no efect, 
and then as the pressure diferential rises still further 
closes the switches 57AX and 57AZ. Closure of switch 
57AX energizes the relay 14.A. and causes energization 
of the solenoid valve operator 33A, so efecting open 
ing of the valve 29A associated with the collecting hop 
per 5A, so that the device 34A is again effective to re 
turn shot from that hopper to hopper 7A. Should pneu 
matic handling device 34B become overloaded, the pres 
sure sensitive device 43B in a similar manner first causes 
closure, and then opening, of the valve 29B associated 
with the collecting hopper 5B. 

If either of the pneumatic handling devices 34A and 
34B should become overloaded, then the associated 
switches 14 AY or 141BY will be opened and solenoid 
13, if then energized, will be de-energized, closing valve 
13 associated with the recovery hopper 7A. When both 
of the switches 141AY and 14BY are closed, then if 
the shot level in hopper 7A is above the Empty level 
(so that the switch 147X is closed) solenoid 13 is ener 
gized and opens the valve 3. In these circumstances, 
even although the relay 147 has previously operated to 
terminate the release of shot from hopper 7A, its hold 
circuit through switch 141AZ, 141BZ having been bro 
ken a repetition of the part of the cleaning cycle lead 
ing up to de-energization of solenoid 18 is inevitable. 

Eventually the collecting hoppers 5A and 5B, the pneu 
matic handling devices 34A and 34B, and the shot uptake 
ducts 37A, 37B will all be free from shot. As each pneu 
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8 
matic handling device 34A or 34B reaches this state, its 
associated pressure sensitive means 43A or 43B efects 
closure of its switches 57AX and 57AZ or 57BX and 
57BZ. When both switches 57AZ and 57BZ are closed, 
the time delay relay 45 is energized and, unless it is 
meanwhile de-energized by the falling down of retained 
shot from the gas pass A into one of the handling devices 
34A, 34B to open one of the switches 57AZ or 57BZ, after 
the designed delay time the relay 45 closes switch 45X 
and so energizes relay 43. By closure of the switch 43Y 
this energizes the Stop relay 33 to de-energize the relay 
29 thus the motor starter control 435, so stopping the 
motor driving the fan 35. At the same time, switch 29Z 
is closed to start the timing device 323. As the fan slows 
down, the pressure drops across the two pneumatic han 
dling devices 34A and 34B fall to zero and the switches 
57AX, 57AY, 57AZ, 58BX, 57BY and 57BZ all open. 
Relays 41.A and 141B both become de-energized, solenoid 
valve operators 33A and 33B become de-energized, and 
the colecting hopper valves 29A and 29B both close. 

if both hoppers 7A and 7B are then filled with shot 
above the level of the high level responsive devices, both 
of the switches 8.A and 85A will be open and relay 147 
will be de-energized by opening of its hold circuit through 
the switches 14 AZ and 4ABZ. Since switch 81.A is open, 
the alarm device 137 will remain quiescent. 

If the level in hopper 7A is below that of the high level 
responsive device of that hopper, switch 8.A will be closed 
and the device A37 will give the alarm to the operator, 
who must decide what action to take, although it would 
be a simple matter to arrange the alarm device 137 to 
initiate a further cleaning cycle. In normal operation, the 
low level responsive device will be covered and the switch 
83A open, and the operator will change over the two 
position switch to render the solenoid valve operator 22 
efective, and initiate a further cleaning cycle utilizing 
hopper 7B, by closure of the manual Start switch 4.27. 

In this further cleaning cycle, the shot will be discharged 
from the hopper 7B, and the returned shot will fill the 
hopper 7A and then spill over into hopper 7B. 

In the system described above, the success of a cleaning 
operation is indicated by the stoppage of the fan 35 with 
out the giving of an alarm by an alarm device 137, since 
if the system were badly fouled, part of the shot would 
be retained in the glass pass : and the appropriate high 
level responsive device would cause the alarm device to 
operate. The danger of omission to clean the heat ex 
change surfaces at proper times is avoided since the 
cleaning cycle is automatically started by a time switch. 
Upon completion of the cleaning cycle the fan 35 is shut 
down and, in the event of either of the pneumatic handling 
devices 34A and 34B becoming overloaded, the discharge 
of shot from the recovery hoppers 7A and 7B is imme 
diately stopped. 

In the event of an appreciable amount of shot being 
trapped in the gas pass a warning is given, and this is of 
advantage because should the tubes of the economizer or 
other heating surface become fouled, warning of inade 
quate cleaning is given long before gas temperature or 
draught loss would become suficiently changed to indicate 
fouling. 
The pressure sensitive means responsive to the pressure 

conditions in pneumatic handling devices 34A and 34B 
operate by measuring the diference between the two pres 
sures at opposite sides of the throats of the Venturinozzles. 
Although that arrangement is to be preferred, it is pos 
sible to operate the switch device 57A by means of a 
diaphragm device similar to that shown but having one 
chamber in communication with the uptake side of the 
Venturi throat and the other chamber in communication 
with the atmosphere. It will be appreciated that, if the 
outlet pressure of the fan 35 is constant, the pressure on 
the downstream side of the Venturi nozzle will be rela 
tively high at low rates of air flow, and relatively low at 
high rates of air flow, since this pressure is the diference 
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between the outlet pressure of the fan and the pressure 
drop across the Venturi nozzle. 
What is claimed is: 
1. A shot cleaning system including heat exchanger 

Surfaces, recovery hopper means positioned above heatex 
change surfaces to be cleaned, first automatically con 
trolled valve means for controlling the discharge of shot 
from the recovery hopper means onto the surfaces to be 
cleaned, colecting hopper means disposed below the sur 
faces to be cleaned, handling means for returning shot 
colected in the colecting hopper means to the recovery 
hopper means, means sensitive to the presence of shot at 
a selected high level in the recovery hopper means, means 
sensitive to a condition in said handling means to regulate 
operation of said handling means, said last named means 
operable to stop said handling means when the shot col 
lected in said colecting hopper means has been returned 
by said handling means to the recovery hopper means, 
and alarm means operable by said high level sensitive 
means should the operation of said handling means be 
discontinued when shot is not present at said selected high 
level in said recovery hopper means. 

2. A shot cleaning system including heat exchanger 
Surfaces having recovery hopper means positioned above 
heat exchange surfaces to be cleaned, first automatically 
controlled valve means for controlling the discharge of 
shot from the recovery hopper means onto the surfaces 
to be cleaned, colecting hopper means disposed below 
the surfaces to be cleaned, pneumatic conveying means 
for returning shot colected in the colectinghopper means 
to the recovery hopper means, means sensitive to the pres 
ence of shot at a selected high level in the recovery hopper 
means, means sensitive to a pneumatic pressure condition 
in said pneumatic means, said pressure sensitive means 
operable to distinguish between a condition when shot is 
being conveyed and when the conveying means is free of 
shot, said pressure sensitive means being operable to regu 
late the operations of said pneumatic conveying means, 
and alarm means operable by said high level sensitive 
means should the operation of said pneumatic conveying 
means be discontinued when shot is not present at said 
selected high level in said recovery hopper means. 

3. A shot cleaning system as claimed in claim 2, wherein 
the pressure sensitive means exert a control such that 
opening of the first valve means will occur only when the 
pneumatic conveying means are substantially free from 
shot. 

4. A shot cleaning system including heat exchanger sur 
faces having recovery hopper means positioned above 
heat exchange surfaces to be cleaned, first automatically 
controlled valve means for controlling the discharge of 
shot from the recovery hopper means onto the surfaces to 
be cleaned, colecting hopper means disposed below the 
surfaces to be cleaned, pneumatic conveying means for 
returning shot collected in the collecting hopper means 
to the recovery hopper means, means sensitive to the 
presence of shot at a selected high level in the recovery 
hopper means, pressure sensitive means in said pneumatic 
conveying means to regulate operation of said conveying 
means, said last named means operable to stop said pneu 
matic conveying means when the shot collected in said 
colecting hopper means has been returned by said con 
veying means to the recovery hopper means, alarm means 
operable by said high level sensitive means should the 
operation of said conveying means be discontinued when 
shot is not present at said selected high level in said re 
covery hopper means, and second automatically con 
trolled valve means operable to regulate flow of shot 
from said colecting hopper means to said pneumatic 
conveying means, means connecting said pressure sensitive 
means with said second valve means to close the latter 
when said pneumatic conveying means becomes over 
loaded. 

5. A shot cleaning system including heat exchanger sur 
faces, recovery hopper means positioned above the heat 
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10 
exchange surfaces to be cleaned, a first automatically con 
trolled valve for controlling the discharge of shot from 
the hopper means onto the surfaces to be cleaned, col 
lecting hopper means below the surfaces to be cleaned, 
pneumatic handling means for returning shot collected in 
the colectinghopper means to the recovery hopper means, 
a second automatically controlled valve for controlling 
the discharge of shot from the colecting hopper means to 
the pneumatic handling means; and pressure sensitive 
means responsive to pressure conditions in the pneumatic 
handling means and adapted to distinguish between the 
condition when the handling means are free from shot, 
the condition when the handling means are overloaded 
with shot, and operable with opening of the first valve 
occurring only when the handling means are substantially 
free of shot, and closure of the second valve will auto 
matically occur if during conveyance of shot the handling 
means become overloaded. 

6. A shot cleaning system as claimed in claim 5, where 
in the pressure sensitive means are adapted when the con 
dition indicating that the handling means are free from 
shot has persisted for a predetermined time to terminate 
operation of the handling means. 

7. A shot cleaning system as claimed in claim 5, where 
in the pressure sensitive means are responsive to difer 
ential pressure across a throat which is arranged to carry 
the pneumatic conveying medium and an entry for the 
shot from the colecting hopper is provided downstream 
therefrom. 

8. A shot cleaning system including heat exchanger sur 
faces, a plurality of recovery hopper means positioned 
above the surfaces to be cleaned, first automatically con 
trolled valve means for controlling the discharge of shot 
from each of said recovery hopper means onto the surfaces 
to be cleaned, a plurality of colecting hopper means dis 
posed below the surfaces to be cleaned, pneumatic convey 
ing means for returning shot collected in each of the col 
lecting hopper means to the recovery hopper means, sec 
ond valve means for controlling discharge of shot from 
each of said collectinghoppers to a corresponding convey 
ing means, pressure sensitive means in each of said pneu 
matic conveying means to regulate operation of each of 
said conveying means, said pressure sensitive means opera 
ble to open one of said first valve means when one of said 
conveying means is free of shot and to close one of said 
second named valve means when the corresponding con 
veying means is overloaded. 

9. A shot cleaning system including heat exchanger sur 
faces, recovery hopper means positioned above the heat 
exchange surfaces to be cleaned, first automatically con 
trolled valve means for controlling the discharge of shot 
from the recovery hopper means onto the surfaces to be 
Icleaned, colecting hopper means disposed below the sur 
faces to be cleaned, handling means for returningshot col 
lected in the colectinghopper means to the recovery hop 
per means, means sensitive to the presence of shot at a 
selected high level in the recovery hopper means, means 
sensitive to the presence of shot below a selected low level, 
means sensitive to a condition in said handling means to 
regulate operation of said handling means, said last named 
means operable to stop said handling means when the 
shot collected in said collecting hopper means is present 
at said selected high level in said recovery hopper means, 
and means responsive to said low level sensing means 
operable to close said first valve. 

10. A shot cleaning system including heat exchanger sur 
faces, recovery hopper means positioned above the heat 
exchange surfaces to be cleaned, first automatically con 
trolled valve means for controlling the discharge of shot 
from the recovery hopper means onto the surfaces to be 
cleaned, colecting hopper means disposed below the sur 
faces to be cleaned, handling means for returning shot 
collected in the colecting hopper means to the recovery 
hopper means, means sensitive to the presence of shot at 
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a selected high level in the recovery hopper means, means 
sensitive to the presence of shot below a selected low level 
in the recovery hopper means, means sensitive to a con 
dition in said handling means to regulate operation of 
said handling means, said last named means operable to 
stop said handling means when the shot has been removed 
from said colecting hopper means, and means operable 
to actuate an alarm when said handling means is stopped 
as an indication that the shot has been removed from 
said colecting hopper means and the shot level in said 
recovery hopper does not actuate said high level means, 
said alarm actuating means being indicative of shot loss 
in said heat exchanger. 

11. A shot cleaning systemas claimed in claim 8, where 
in said plurality of recovery hopper means includes one 
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hopper means arranged to receive shot only as overflow 
from another recovery hopper means. 
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