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(57) ABSTRACT 

The invention provides a leak detection system comprising 
a conduit for carrying a ?uid or gas and a control device for 
monitoring leaks in the conduit. The conduit is formed from 
?rst and second electrically conductive layers that are elec 
trically insulated from each other. The control device 
includes an output, for introducing an electric charge to the 
?rst and second layers, a detector for detecting changes in 
the electric charge introduced to layers, and a response 
sWitch for triggering a predetermined response When a 
suf?cient change in the electric charge is detected. 
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LEAK MONITORING SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention relates to a system for moni 
toring leaks in conduits and containers. In particular, the 
invention relates to the electronic monitoring of leaks in gas 
venting systems, ?uid piping systems, heat exchangers, ?uid 
storage or processing tanks or other conduits and containers 
due to corrosion penetration or joint separation. 

BACKGROUND OF INVENTION 

[0002] As homes and buildings become more air tight, 
there has become a need to insure that the exhaust vents of 
natural gas, propane, and oil ?red heating appliances, hot 
Water heaters, and boilers have not separated or corroded to 
the point that harmful ?ue gases are alloWed to escape inside 
of structures rather than being exhausted outside of the 
structure. The escape of ?ue gas can expose the occupants of 
the structure to carbon monoxide and other haZardous gases 
found in ?ue gases. With less fresh air entering the structure, 
there is a greater risk of harmful gases concentrating inside 
of the structure. 

[0003] In order for the appliance to fail safe in the case of 
vent deterioration, there must be a device that can detect the 
leak and interrupt the ability of the appliance to ?re or run 
While the unsafe condition exists. There is government 
pressure being brought upon appliance manufacturers and 
the heating industry to require that control systems be 
incorporated into appliances as part of the future certi?ca 
tion process. Many deaths have been attributed to conduit 
deterioration or joint separations. 

[0004] When the conduit or container is being used to 
conduct or contain acidic, caustic, radioactive or haZardous 
liquids, it is also important to have the means to detect a leak 
and sound an alarm and/or prevent the pump from continu 
ing to deliver the liquid into a deteriorated pipe system or a 
system in Which the joints have separated. The continued 
?oW of liquid though a deteriorated or separated piping 
system can cause bodily harm and/or physical property 
damage. 
[0005] Previous control systems for poWer assisted vent 
ing products have relied on the ability of the control system 
to detect changes in the negative air pressure of the interior 
of a vent system. This is sometimes inaccurate due to the fact 
that there are endless potential con?gurations With different 
lengths and numbers of bends and elboWs Which Will 
signi?cantly in?uence the negative air pressure Within a vent 
system. When the con?guration variables are combined With 
pressure variables caused by changing barometric pressures, 
changing Wind directions and Wind speeds, pressure sensors 
can detect many false or confusing readings causing nui 
sance shut doWns. 

[0006] There is a need for a reliable, inexpensive, and 
simple system to detect conduit failures Which is not prone 
to false readings leading to Wasteful equipment shut doWns. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides for multiple layers 
of electrically conductive and electrically insulating mate 
rials Which Would be isolated from each other as long as 
there is no deterioration or penetration of the Wall of the 
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conduit or container. Should there be a corrosion penetration 
of the Wall of the conduit or container caused by ?ue gas 
condensate or corrosive ?uid, the condensate or liquid 
Would act as a conductor to alloW increased electrical 
current to pass from one electrically conductive layer to 
another electrically conductive layer. The increased conduc 
tance Will change the electrical resistance of the overall 
system, change the electrical capacitance of the system, or 
result in a direct circuit if the voltage is high enough and the 
?uid has a loW enough resistance to alloW sufficient current 
to ?oW betWeen the tWo conductive layers. The change in 
electrical resistance or capacitance can be measured and a 
signal can be conveyed to a control device to stop operation 
of the equipment and/or sound an alarm. 

[0008] Changes in electrical capacitance and resistance of 
the system are evident in the case of full and partial 
corrosion penetration of the insulating layer betWeen the 
electrically conductive layers. Where condensate has only 
partially penetrated into the insulative layer, small changes 
in resistance and conductance Will result. A higher level of 
sensitivity Will be required to detect such changes but Will 
nonetheless alloW the system to detect an impending fault. 
In contrast, When full corrosion penetration has occurred or 
When a pipe joint has completely separated, much larger 
changes in resistance and conductance Will result necessi 
tating less sensitive detection. 

[0009] Alternatively, the completed circuit can bloW an 
electrical fuse and interrupt the supply of electrical current 
to the equipment and/or sound an alarm. 

[0010] Presently most venting and pipe systems use a 
single material such as metal or plastic to form pipe lengths 
and joint elboWs. Using an electrical current to monitor the 
integrity of such a system is not possible because there is not 
a second conductive layer to create electrical capacitance 
Which can be used for detection purposes in the event that 
there is a corrosion penetration of the Walls of the pipe. In 
order to create electrical capacitance, there must be tWo or 
more layers of electrically conductive plates or coating 
layers Which are separated by an insulator layer. 

[0011] In one aspect, the invention provides a leak detec 
tion system comprising a leak detection system comprising: 

[0012] a conduit for conducting a ?uid or gas, said 
conduit being de?ned along its length by ?rst and 
second layers of an electrically conductive material, 
said ?rst and second layers being electrically insu 
lated from each other; 

[0013] means for electrically insulating said conduit 
from input and output connection members; 

[0014] control means for detecting a leak in said 
conduit, said control means including output means 
for introducing an electric charge to said ?rst or 
second conductive layers of said conduit, detector 
means for detecting changes in said electric charge in 
said ?rst and second conductive layers, and response 
means for triggering a predetermined response When 
a suf?cient change in said electric charge is detected. 

[0015] In another aspect, the invention provides a leak 
detection system comprising a leak detection system com 
prising: 
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[0016] a conduit for conducting a ?uid or gas, said 
conduit including means for carrying an electric 
charge along the entire length of said conduit; 

[0017] means for electrically isolating said conduit 
from input and output connection members; 

[0018] means for connecting the ends of said conduit 
to a poWer source for actuating said ?uid or gas ?oW, 
Wherein said conduit forms part of a circuit With said 
poWer source, and Wherein a separation of one or 
more of said conduit sections Will interrupt the ?oW 
of current in said circuit and cause said poWer source 
to deactivate said ?uid or gas ?oW. dr 

BRIEF DESCRIPTION OF DRAWINGS 

[0019] FIG. 1 is a side vieW of a leak detection system in 
accordance With the present invention; 

[0020] FIG. 2 is a plan vieW of a conduit section for the 
leak detection system of FIG. 1; 

[0021] FIG. 3 is a sectional vieW of the conduit section of 
FIG. 2, taken along lines 3-3; 

[0022] FIG. 4 is an enlarged vieW of the connection 
betWeen the appliance adapter and conduit section for the 
leak detection system of FIG. 1; 

[0023] FIG. 5 is an enlarged vieW of an alternate connec 
tion betWeen adjacent conduit sections for the leak detection 
system of FIG. 1; 

[0024] FIG. 6 is a block diagram of a leak detection 
system in accordance With the present invention; 

[0025] FIG. 7 is a block diagram of an alternate leak 
detection system in accordance With the present invention; 

[0026] FIG. 8 is a circuit diagram of the control device for 
the leak detection system of FIG. 1; 

[0027] FIG. 9 is a plan vieW of an alternate conduit 
section for a leak detection system in accordance With the 
present invention; 

[0028] FIG. 10 is a sectional vieW of the conduit section 
of FIG. 9 taken along lines 10-10; 

[0029] FIG. 11 is a longitudinal sectional vieW of a 
conduit section incorporating an alternate leak detection 
system in accordance With the present invention; 

[0030] FIG. 12 is a side vieW of a building With a vertical 
conduit incorporating an alternate leak detection system in 
accordance With the present invention; 

[0031] FIG. 13 is a sectional vieW of tWo conduit sections 
for an alternate leak detection system in accordance With the 
present invention; 

[0032] FIG. 14 is an end vieW of one of the conduit 
sections of FIG. 13; 

[0033] FIG. 15 is a partial plan vieW of tWo connected 
conduit sections for an alternate leak detection system in 
accordance With the present invention; and 

[0034] FIG. 16 is a partial sectional vieW of tWo con 
nected conduit sections for an alternate leak detection sys 
tem in accordance With the present invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0035] A leak detection system in accordance With the 
present invention is depicted generally at 20 in FIG. 1. The 
system comprises a conduit 22 for carrying a ?uid or a gas 
and a control device 24 for monitoring leaks in the conduit 
22. 

[0036] The conduit 22 depicted in FIG. 1 is for venting 
gases from a heating appliance 26 such as a furnace, Water 
heater or boiler. One end of the conduit 22 is connected to 
an adapter 28 that is in turn ?tted to a ?ue gas output 29 for 
the heating appliance 26. The other end of the conduit 22 is 
connected to a Wall thimble 30 that is disposed Within a side 
Wall 32 of a building 34 for discharging the ?ue gas to the 
outdoors. 

[0037] The conduit 22 depicted in FIG. 1 comprises a 
plurality of sections 36 having male and female ends 38 and 
40 that are interconnected to de?ne a sealed system. The 
conduit sections 36 each include radial Welded studs 52 at 
the respective male and female ends 38, 40 to facilitate 
connecting the conduit sections 36 together physically and 
electronically as described beloW. The conduit sections 36 
include straight sections 42 and elboW sections 44. A con 
densate T-section 46 is also provided to alloW accumulations 
of condensate to be removed from the venting system as 
knoWn in the art. The conduit sections 36 are suspended 
from hangar straps 48 that loop under the conduit sections 36 
and connect to an upper support member 50 such as the 
sub?oor of the building 34. 

[0038] In the embodiment depicted in FIGS. 1-5, the 
conduit sections 36 each comprise a 16 gauge Welded steel 
tube that serves as a ?rst conductive layer 53 for carrying an 
electric charge as described further beloW. 

[0039] The conduit sections 36 are coated on the inside 
and outside With a protective acid resistant insulator layer 54 
such as glass, plastisol, ?ouroelastomere or any other suit 
able non-electrically conductive and protective coating. This 
coating is preferably applied by dipping or controlled spray 
ing of the conduit sections 36 With the desired insulator 
material 54. 

[0040] A second conductive layer 56 is disposed to the 
interior or exterior of the conduit sections 36 over the 
insulator layer 54. It is important that the second conductive 
layer 56 does not come into contact With the ?rst conductive 
layer 53 of the conduit sections 36 to avoid a short circuit. 

[0041] The second conductive layer 56 depicted in FIG. 1 
is a metallic foil (preferably aluminum) that has been 
applied using an adhesive 58 to the eXterior of the conduit 
section 36. Openings 60 are cut in the foil 56 to avoid 
making electrical contact (i.e. a short circuit) With the 
Welded studs 52 Which are connected to the electrically 
conductive ?rst layer 53. Acircular metal clamp 62 is placed 
on the exterior of the conduit section 36 to ensure that the 
second layer 56 is one continuous conductor about its 
circumference. Since the adhesive layer 58 can act as an 
insulator, the area Where the foil layers overlap (shoWn at 63 
in FIG. 3) may not provide a good electrical contact point 
so that the entire circumference of the conduit 22 is a 
continuous circuit. Accordingly, an electrically conductive 
and adhesive material 59 (such as an epoXy or high tem 
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perature silicone) can serve to bridge the electrical contact 
between the overlapping portions of the second conductive 
layer 56. 

[0042] Instead of a metallic foil, the second conductive 
layer 56 can be made of another electrically conductive 
coating such as an aluminum, copper, silver, or Zinc ?lled 
paint, a graphite ?lled ?ouroelastomere, or an electrically 
conductive plastic or epoXy. If constructing the second 
conductive layer 56 out of a coating, the Welded studs 52 
must be masked off prior to applying the coating to avoid 
making an electrical contact With the electrically conductive 
?rst layer 53. 

[0043] Referring to FIGS. 4 and 5, the conduit sections 36 
are draWn together by metal turn buckles 69 Which are 
attached to the studs 52 that have been Welded to the ?rst 
conductive layer 53 of the conduit 22. The turn buckles 69 
mechanically secure the individual conduit sections 36 
together to create a gas or ?uid tight seal. Since the ?rst 
conductive layer 53, Welded studs 52, and turn buckles 69 
are all made of metal and are electrically conductive they 
form an electrical circuit along the entire length of the 
conduit 22 from the appliance adapter 28 to the Wall thimble 
30. 

[0044] The second conductive layer 56 located on the 
exterior of the individual conduit sections 36 must also be 
joined together to form an electrical circuit along the entire 
length of the conduit 22. This is accomplished by attaching 
an electrically conductive Wire 70 to the second conductive 
layers 56 of adjacent conduit sections 36 by means of an 
electrically conductive epoXy 72 or a metal clamp 74 With a 
solderless crimp connector 76 Which is riveted to the clamp 
band 74. 

[0045] The appliance adapter 28, condensate T-section 46 
and Wall thimble 30 are all electrically insulated from the 
conduit 22 by means of a rubber or plastic insulating ring 64 
so that the conduit 22 is a free ?oating circuit. 

[0046] The control device 24 is located at the end of the 
conduit 22 closest to the appliance. Alternatively, the control 
device 24 may be incorporated into the main control device 
for the appliance itself. A ?rst insulated Wire 66 originating 
from the control device 24 is electrically connected to the 
?rst conductive layer 53 of the conduit 22 and a second 
insulated Wire 68 also originating from the control device 24 
is electrically connected to the second conductive layer 56 of 
the conduit 22. PoWer is supplied to the control device 24 by 
electrical connection to the appliance poWer source. Accord 
ingly, as described beloW, an electric charge may be intro 
duced to the ?rst and second conductive layers 53 and 56 for 
monitoring by the control device 24. 

[0047] The electronic control device 24 is designed to 
monitor the capacitance of the installed conduit 22. In order 
to create electrical capacitance there must be tWo or more 
electrically conductive layers 53 and 56 Which are separated 
by an insulator layer 54. The metal substrate and the metallic 
foil serve as the ?rst and second electrically conductive 
layers 53 and 56 for the speci?c embodiment depicted in 
FIG. 1. The glass coating serves as the insulator layer 54. 
The control device 24 ?rst adjusts the value or amplitude of 
the capacitance of the conduit 22 after it is installed. The 
ability of the control device 24 to monitor each unique 
installed conduit 22 is important due to the fact that the ?nal 
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installed system 20 is comprised of a Wide variety of 
individual conduit sections 36 Which have many different 
lengths and con?gurations. 

[0048] In order to monitor the conduit 22 for corrosion 
penetration or a disconnection of a joint, the control device 
24 is designed to sense any change in capacitance. Alterna 
tively, the control device 24 can measure and react to a 
change of electrical resistance of the conduit 22. 

[0049] If a joint becomes disconnected the overall capaci 
tance of the conduit Will change since the sections 36 are 
functioning as capacitors connected in parallel. A discon 
nected joint Will also change the pipe’s electrical resistance. 
The electronic control device 24 Will detect such changes in 
capacitance and/or resistance and cause the appliance to fail 
safely. 

[0050] For any corrosion to penetrate the Wall of the 
conduit 22 there must be acidic condensate forming Which 
is part of the combustion process When any fossil fuel is 
burned. In order to have a Wall penetration Which Would 
alloW harmful ?ue gasses to escape into the occupied area of 
a building 34 the corrosion must penetrate all four layers of 
materials Which collectively form the Wall of the conduit 22. 
In the event that such corrosion occurs, acidic condensate 
must be present in the effected area. The ?rst layer of the 
conduit 22 is a protective insulating layer 54. If corrosive 
condensate penetrates this layer 54 it Will then begin to 
attack the neXt layer Which is the ?rst conductive layer 53. 
This layer 53 is charged With an electrical charge by the 
control device 24. If the corrosive condensate penetrates the 
?rst conductive layer 53 it Will neXt begin to continue to 
penetrate the insulator layer 54 until it ?nally reaches the 
fourth layer Which is the exterior electrically conductive 
layer 56. 

[0051] At this point the condensate, Which must be present 
for corrosion to have occurred in the ?rst place, Will be in 
direct contact With both the ?rst conductive layer 53 and the 
outside conductive layer 56. Since the condensate is acidic, 
it Will act as an electrolyte and permit current to pass 
betWeen the tWo electrically conductive layers 53 and 56. 

[0052] The increase of conductance Within this capacitive 
element of the circuit Will alter the electrical resistance, 
inductance and capacitance of the complete installed vent 
system and Will be detected by the control device 24. The 
sensitivity of the control device Will determine When the 
corrosion is detected. The control device 24 Will then 
interrupt the thermostat or other controlling device Which 
gives the command to the appliance to come on and burn 
fuel. Alternatively, the control device 24 Will interrupt the 
poWer to the gas control valve or any other essential com 
ponent to the ongoing operation of the appliance. This 
interruption Will insure that if a corrosion penetration or 
joint separation occurs that the appliance Will not operate 
and Will fail safely. 

[0053] Changes in electrical capacitance and resistance of 
the system are evident in the case of full and partial 
corrosion penetration of the insulating layer 54 betWeen the 
electrically conductive layers 53 and 56. Where condensate 
has only partially penetrated into the insulator layer 54, 
small changes in resistance and conductance Will result. 
Even so, the penetration of the condensate partWay into the 
insulating layer 54 can result in a detectable change in the 
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dielectric properties of the insulating layer 54 Which corre 
spondingly affect the system’s capacitance and resistance 
values. Ahigher level of sensitivity Will be required to detect 
such changes but Will nonetheless alloW the system to detect 
an impending fault. In contrast, When full corrosion pen 
etration has occurred or When a pipe joint has completely 
separated from conduit 22, much larger changes in resis 
tance and conductance Will result necessitating less sensitive 
detection. 

[0054] Referring to FIG. 6, an electrical block diagram of 
the leak detection system 20 is shoWn. The system is 
connected to a poWer source comprising a loW voltage 
electrical transformer 100 that is located in the appliance 26 
Which is to be vented. In the event the control device 24 is 
being used to monitor a pluming system, a separate trans 
former must be supplied. This poWer source is 24 volt AC. 
The transformer 100 provides poWer to an AC recti?er 102 
located in the control device 24 Which converts the electrical 
poWer from AC to DC and then poWers all electronic 
circuitry Within the control device 24. Afrequency generator 
104 located Within the control device 24 then generates a 
square Wave electronic signal Which is sent to an output 
driver 106 Which transfers the square Wave electronic signal 
into the conduit 22 Which is to be monitored. The spaced 
conductive layers 53 and 56 of the conduit 22 then act to 
convert the square Wave electronic signal into an approXi 
mate triangular Wave electronic signal through Faraday’s 
laW of capacitance. 

[0055] The control device 24 is equipped With a capaci 
tance detector circuit 108 Which is designed to measure a 
speci?c peak to peak or amplitude value. Since the capaci 
tance of the conduit 22 Would vary from one installation or 
application to the other, the electronic Wave signal must be 
adjusted so that the amplitude matches a range or ‘safe 
WindoW’ designed into the capacitance detector. 

[0056] A memory set potentiometer 110 located in the 
control device 24 alloWs the peak to peak value or amplitude 
of the triangular electronic Wave signal to be adjusted to a 
predetermined value. After a ‘safe range’ of the capacitance 
detector 108 has been set, the detector sends a signal to an 
electrically isolated sWitch 112 located in the control device 
24. Upon receiving the signal, electrically isolated sWitch 
112 Will complete the circuit betWeen the thermostat 113 and 
the appliance 26. With the circuit completed, the thermostat 
and appliance Will function as originally designed. 

[0057] In the event that the amplitude of the triangular 
electronic Wave eXceeds the preset ‘safe range’ of the 
capacitance detector 108, the detector 108 Will stop sending 
the required signal to the electrically isolated sWitch 112. 
This in turn Will open or interrupt the circuit betWeen the 
thermostat and the appliance 26. The capacitance Will alter 
if a joint becomes separated or if there is a corrosion 
penetration betWeen the tWo or more isolated conductive 
layers 53 and 56 being used in the conduit 22 to produce the 
capacitance. The range of the ‘safe range’ of the capacitance 
device can be altered by modifying the circuit parameters of 
memory set potentiometer 110. 

[0058] Alternatively, as depicted in the block diagram of 
FIG. 7, the electrically isolated sWitch 112 can be operated 
by detectors 111 Which measure electrical resistance of the 
conduit 22, or electrical inductance of the conduit 22, to 
determine the variance from electrical properties of the 
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conduit 22 When it Was ?rst installed Which Would indicate 
a joint separation or corrosion penetration. Various combi 
nations of detectors 108 and 111 can be used simultaneously 
or separately as long as the conduit 22 is used as a vital and 
reactive component and not as an electrically passive circuit 
element. 

[0059] Referring to FIG. 8, a circuit diagram for the 
control device 24 depicted in FIG. 6 is shoWn. The trans 
former 100 provides for the conversion of a 120 volt AC 
signal from the appliance 26 poWer source into an 24 volt 
AC signal Which is then recti?ed using the AC recti?er 102. 
The AC recti?er 102 is conventionally knoWn and comprises 
a diode bridge (using diodes D1, D2, D3 and D4), diode D5, 
high buffer capacitance U1, various capacitors C1, C2, C3, 
C4, C5 and resistors R1 and R2. The diode bridge and 
rectifying diode D5, are con?gured, and the values of 
capacitors C1, C2, C3, C4, C5 and resistors R1 and R2, are 
set in a conventionally knoWn manner, such that recti?ed 6 
and 12 volt DC signals are produced by the AC recti?er 102 
to poWer the various components of the control device 24. 

[0060] The frequency generator 104 comprises an inte 
grated oscillating circuit U3 and con?guring resistors R14, 
R15, capacitors C8, C9 and diode D7 Which are con?gured 
and adapted to produce an output square Wave signal at pin 
3. This square Wave signal is inputted into the memory set 
potentiometer 110 Which comprises a variable resistor VR1 
Which can be manually adjusted to modulate the amplitude 
of the generated square Wave signal. The generated signal is 
then passed through resistor R16 and capacitor C10 to 
provide a high pass ?ltered DC square Wave signal for input 
into the conduit 22. 

[0061] As discussed above, the conduit 22 comprises a 
?rst conductive layer 53 and a second conductive layer 56 
Which are separated by an insulator layer 54. The second 
conductive layer 56 is grounded and the ?rst conductive 
layer 53 receives the modulated square Wave signal. Diode 
D6, coupled betWeen the ?rst and second conductive layers 
53 and 56 together With grounded resistor R12 act as a 
simple protection circuit to protect the system 20 from 
improper application of reverse polarity poWer leads or 
poWer surges. 

[0062] Capacitance detector circuit 108 provides a prede 
termined ‘safe range’ for system operation. Using resistors 
R5, R6 and R7 in a Well knoWn voltage divider con?guration 
With a 12 volt DC source, capacitance detector circuit 108 
provides its comparators U2:A and U2:B With predeter 
mined voltage signals. Speci?cally, a high reference signal 
Will be provided to node 4 of U2:A and a loW reference 
signal Will be provided to node 6 of U2:B. 

[0063] Capacitance detector circuit 108 also comprises 
comparators U2:A, U2:B, U2:C, U2:D, and U4:C Which are 
used along With resistors R8, R9, R10, R11 and capacitors 
C6 and C7 to compare the speci?c peak to peak or amplitude 
value of the output signal from the conduit 22 With the preset 
‘safe range’ established by resistors R5, R6 and R7. The 
amplitude of the output triangle Wave signal of conduit 22 
Will be compared With the predetermined amplitude ‘safe 
range’ and comparators U2:D and U4:C Will output a high 
voltage signal to a user alert and relay sWitch control 300 to 
indicate Whether or not the conduit 22 is operating Within the 
‘safe range’. 
[0064] Capacitance detector circuit 108 provides detection 
of the output signal from the conduit 22 in the folloWing 










