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WARNING 

If the information in these instructions is not followed exactly, a fire or explosion may result causing property damage, 

personal injury or death. 

WHAT TO DO IF YOU SMELL GAS 

1. Do not try to light any appliance, 

2. Do not touch any electrical switch; do not use any phone in your building, 

3. Immediately call your gas supplier from a neighbourôs phone. Follow the gas supplierôs instructions, 

4. If you cannot reach your gas supplier, call the fire department. 

A Qualified installer, service agency or the gas supplier must perform installation and service. 

WARNING 

Do not store or use gasoline or other flammable vapours and liquids in the vicinity of this or any other appliance. 

TO THE INSTALLER: After installation, these instructions must be given to the end user or left on or near the appliance. 

TO THE END USER: This booklet contains important information about this appliance. Retain for future reference. 

H HLW 
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PART 1 GENERAL INFORMATION 
 

1.1 INTRODUCTION 
 
The Avenger is a condensing, forced draft, fire tube boiler and water heater utilizing a premix power burner based on a push 
through design which offers several venting options. Heat output is controlled by air/gas ratio control gas valves which provide 
seamless modulation. The Avenger provides central heating or domestic hot water at working pressures up to 160 PSI. It is 
designed for use with a pumped and pressurized system. The boiler/water heater will automatically modulate to provide heat 
outputs between 100% and the minimum output.  
 
All Avenger models use two automatic gas valves - one at the low end and one at the high end. The blower inlet is a common 
point for drawing air and gas to be mixed and fed into the burner. As the blower is commanded to change speed by the controller, 
air and gas flows both change and so do pressure drops across the air and gas inlet channels. Both the High-End Gas Valve 
and the Low-End Gas Valve work on the principle of differential pressure. They both measure pressure changes on the air side 
as well as on the gas side. By measuring pressure changes on the air and gas side the gas valves automatically actuate to 
regulate the amount of opening across the valve which in turn dictates the amount of gas flow. This is done such that combustion 
characteristics remain within clean and appropriate ranges across the entire operating range. 
  
 

 
       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1.2 SPECIAL INSTRUCTIONS TO OWNER 
 
This installation and service manual supplies information for the installation, operation, and servicing of the appliance. It is 
strongly recommended that this manual be reviewed completely before proceeding with an installation. 
 

CAUTION 

It is important that all gas appliances are installed by a qualified installer/technician that is trained by Camus Hydronics 
Limited. It is in your own interest and that of safety to ensure that all local codes, and all the following ñNOTESò and 
ñWARNINGSò are complied with. Installing, servicing or adjusting this appliance should be performed only by a qualified 
installer/technician that is trained by Camus Hydronics Limited. The serviceman must utilize a combustion analyzer with CO2, 

CO, and draft gauge to set the appliance according to Camus Hydronics Limitedôs recommendations, prior to commissioning. 

 

NOTE 

RETAIN THIS MANUAL FOR FUTURE REFERENCE 

Figure 1: Avenger Heat Exchanger and Complete Unit 
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1.3  CHECKING EQUIPMENT   
 
Check for signs of shipping damage upon receiving equipment. Pay attention to parts accompanying the boiler, which may show 
signs of mishandling. Verify total number of pieces shown on packing slip with those received. In case there is damage or a 
shortage, immediately notify carrier. 
 

Figure 2: Checking the Avenger Unit 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

Do not attempt to pry any panels off. To begin disassembly, you can remove the top panel and side panels without the use of 
any tools.  
 
Once you have removed the top panels, carefully check and confirm that all ıò copper tubing connections are intact and have 
not broken or loosened in shipment. Leaks at any connections on these lines will result in erratic appliance operation. 

1.4 SEQUENCE OF OPERATION 
 

1. Supply power connection as per Table 11. 
2. The power switch is placed in the ñONò position. 
3. 120 VAC power is supplied to the control transformer. 
4. 24 VAC is supplied to the ignition module and low voltage controls. 
5. After the appliance water pump starts, flow is proven by the Flow Switch and Water Pressure Switch. The Water 

Pressure Switch is set to 15 PSI or higher and is installed inside the unitôs jacket. The Flow Switch is mounted at the 
outlet of the appliance. If installing a Flow Switch, it is required to properly trim the Flow Switch Paddles in order not to 
jam the switch in the tee. The normally open dry contacts in the Low Water Cutoff (LWCO) are to be wired in series 
with the normally open contacts of the Flow Switch. Locate the probe type LWCO in the piping above the boiler 
inlet/outlet connection. In all cases, check with local codes. 

6. The Avenger controller receives a call for heat via the remote operator contacts and the Demand parameter reads 
Central Heating, DHW, or Lead Lag Slave. 

7. The Avenger controller closes the pump contacts to start the pump, which then causes the Flow Switch to close once 
minimum flow is reached. If all limit controls are made including temperature, water pressure and water flow, the 
controller closes the blower contacts to initiate the variable frequency drive (VFD) and allows 60 seconds for VFD to 
ramp up the frequency to the 3 phase motor of the Combustion Fan using the modulating signal provided by the on 
board modulating control or the remote operating system. If the Low Air Switch contacts are made within the 60 
seconds, the VFD will run at Pre-Purge speed until the Pre-Purge timer is satisfied. 

8. Once the Pre-Purge Timer is satisfied, the Avenger controller will target the ignition fan speed. 
9. The Avenger controller will activate the Hot Surface Igniter for 22 seconds followed by energizing the Pilot Valve for 10 

seconds, whereupon a signal of 0.8 Vdc must be recognized by the controller at the UV Scanner to keep the Pilot Valve 
in an open position. The fan is kept at ignition speed until the stabilization timer is satisfied. After the stabilization timer 
expires the Low-End Gas Valve is opened and main flame is established. As demand increases, the modulation signal 
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causes the Low-End Valve to draw more gas and the air damper to start opening. If the Low-End Gas Valve cannot 
satisfy demand, at a preset point the staging relay activates the Pilot Valve again (if it was tuned off) to provide seamless 
transition to the High-End Gas Valve. The fan inlet damper switches to a full open position and power is directed to the 
High-End Gas Valve while shutting off the Low-End Gas Valve. Once the modulation signal has increased away from 
the transition range the Pilot Valve turns off.  
 
If demand is reduced and the modulation signal starts decreasing and approaching the preset value for the gas valve 
transition, the Pilot Valve comes on again to make sure that the transition happens seamless. Once the modulation 
signal reached the preset valve, the High-End Gas Valve shuts off and the Low-End Gas Valve is energized. At the 
same time the fan inlet damper moves away from a fully open position and starts modulating again. As demand 
continues to decrease the Low-End Gas Valve shuts off and the boiler proceeds to post purge. The pilot valve always 
turns back on when modulation signal enters a range that is in the vicinity of the preset point for transitioning from High 
End Gas Valve to Low End Gas Valve or vice-versa. 

10. If the flame signal is not reached, the module will stop the ignition sequence after the ñMain Gas Onò period & recycle. 
11. The fan speed will slowly decrease as the temperature nears the target. The modulation rate is controlled via a 4-20 

mA signal.  If the heat demand is sustained without change, the boiler firing rate will reach a point of steady-state and 
the fan will rotate at constant speed. 

12. When the heat demand is satisfied or the remote enable is removed, the burner will shut off and the fan speed will ramp 
up to the preset Post-Purge speed until the Post-Purge timer is satisfied. 

13. The pump continues to circulate until the Post-Purge time is satisfied. 
14. The boiler will then go into Standby as it waits for the next heat demand or remote enable. 

 

NOTE 
The Hot Surface Igniter is energized with 115V AC when control is switching to/from the High-End Gas Valve to the Low-End 

Gas Valve. To avoid shock do not contact bare Ignitor wires at this time 

 
Figure 3: Avenger Ignition Cycle 

 

 
 
NOTE: 
 

1. If a flame signal is detected at the end of the Pre-Purge period, an error will occur. 
2. If at the end of the safety period (4 sec) no flame is detected, the control will go to Post-Purge to remove the unburned 

gas.  After this, a re-ignition attempt is started following the same cycle. The number of re-ignition attempts is limited to 
2 after which a lockout occurs. 

3. The burner can only be ON continuously for a period of 24 hours. After this, the burner is switched OFF and a restart 
sequence follows. 

4. The Hot Surface Igniter is de-energized at the end of the ignition period to allow for ionization detection. 
 
1.4.1 HEAT TRANSFER PROCESS 
 

1. Burner input rate continues to increase until water temperature reaches the set point temperature. 
2. Burner input rate may stabilize at a fixed rate when demand equals input. 
3. Burner input rate will decrease when water temperate approaches temperature set point. 
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1.4.2 END OF SEQUENCE 
 

¶ Set point temperature is reached. 

¶ Power to the gas valve is turned off. 

¶ Combustion air fan ramps to a stop over the factory pre-programmed time period. 

¶ Thermostat is now in a standby mode waiting for the next ñCall for Heatò. 
 

WARNING 

To minimize the possibility of serious personal injury, fire or damage to your appliance, never violate 
the following safety rules. 

 

WARNING 

IMPROPER INSTALLATION, ADJUSTMENT, ALTERATION, SERVICE OR MAINTENANCE can cause injury or property 
damage.  Refer to this manual. For additional information, consult a qualified installer, service agency or gas supplier. 

 

WARNING 

Do not use this appliance if any part of it has been under water. The possible damage to a flooded appliance can be 
extensive and present numerous safety hazards. Any appliance that has been under water must be replaced. 

 

WHAT TO DO IF YOU SMELL GAS 

Do not try to light any appliance. Do not touch any electric switch. Do not use any phone in your building. Immediately call 
your gas supplier from a neighborôs phone. Follow the gas supplierôs instructions. If you cannot reach your gas supplier, call 

the fire department. 

 

IMPORTANT 

Consult and follow local Building and Fire Regulations and other Safety Codes that apply to this installation. Contact the 
local gas utility company to authorize and inspect all gas and flue connections. 

Installation and service must be performed by Camus Hydronics Limited qualified factory trained service 
technicians. 

 

WARNING 

Should overheating occur or the gas supply fails to shut off, DO NOT turn off or disconnect the electrical supply to the 
pump. Shut off the gas supply at a location external to the appliance. 

 
Boilers and water heaters are heat producing appliances. To avoid damage or injury, do not store materials against the 
appliance or the vent-air intake system. Use proper care to avoid unnecessary contact (especially children) with the 
appliance and vent-air intake components.  
 

¶ Never cover your appliance, lean anything against it, store trash or debris near it, stand on it or in any way block the 
flow of fresh air to your appliance. 

¶ UNDER NO CIRCUMSTANCES may flammable materials such as gasoline or paint thinner be used or stored in the 
vicinity of this appliance, vent-air intake system or any location from which fumes could reach the appliance or vent-air 
intake system. 

¶ A gas appliance that draws combustion air from the equipment room where it is installed must have an adequate supply 
of fresh air circulating around it during burner operation for proper gas combustion and proper venting. 

1.5 CODES 
 
The equipment shall be installed in accordance with those installation regulations enforced in the local area where the 
installation is to be made. These shall be carefully followed in all cases. Authorities having jurisdiction shall be consulted 
before installations are made. In the absence of such requirements, the installation shall conform to the latest edition of the 
National Fuel Gas Code, ANSI Z223.1 and/or CAN/CGAB149 Installation Code. All electrical wiring must be done in accordance 
with the requirements of the authority having jurisdiction or, in the absence of such requirements, with National Electrical Code, 
ANSI/NFPA70 and/or the Canadian Electrical Code part 1 CSA C22.1. Where required by the authority having jurisdiction, the 
installation must conform to the American Society of Mechanical Engineers Safety Code for Controls and Safety Devices for 
Automatically Fired Boiler, ANSI/ASME CSD-1. All boilers conform to the latest edition of the ASME Boiler and Pressure Vessel 
Code, Section II & IV. Where required by the authority having jurisdiction, the installation must comply with the CSA International, 
CAN/CGA-B149 and/or local codes. This appliance meets the safe lighting performance criteria with the gas manifold and control 
assembly provided, as specified in the ANSI standards for gas-fired units, ANSI Z21.13 & ANSI Z21.10 
 
1.6 WARRANTY 
 

¶ Factory warranty (shipped with unit) does not apply to units improperly installed or improperly operated. 
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¶ Factory warranty shall apply only when the appliance is installed in accordance with local plumbing and building codes, 
ordinances and regulations, the printed instructions provided with it and good industry practices. 

¶ Excessive water hardness causing a lime build-up on the stainless steel tubes is not a fault of the appliance and is 
not covered by warranty. Consult the factory for recommendations for use in hard water areas (See Water Treatment 
and Water Chemistry). 

¶ Factory warranty does not apply to units damaged by using low water pressure (below 15 psi). 

¶ Factory warranty does not apply to units damaged by using low water flow causing excessive temperature rise 
(above 60°F). 

¶ Factory warranty does not apply to improper water/glycol mixture. 

¶ Excessive cycling of the unit will reduce the life of the heat exchanger and its components. Factory warranty does not 
apply to units damaged by using improper control parameters (such as PID) which cause excessive cycling of units. 

¶ Using or storing corrosive chemicals in the vicinity of this appliance can rapidly degrade the stainless steel tubes and 
voids warranty. 

¶ Damage caused by freezing or dry firing voids warranty. 

¶ This appliance is not to be used for temporary heating of buildings under construction. 

¶ The manufacturer shall NOT be held liable for any personal injury or property damage due to ice formation or the 
dislodging of ice from the vent system or the vent termination. 

1.7 REMOVAL OF EXISTING APPLIANCE 
 
When an existing appliance is removed from a common venting system, the common venting system is likely to be too large for 
proper venting of the appliances remaining connected to it. At the time of removal of an existing appliance the following steps 
must be followed with each appliance remaining connected to the common venting system placed in operation, while the other 
appliances remaining connected to the common venting system are not in operation. 
 

1. Seal any unused opening in the common venting system. 
2. Visually inspect the venting system for proper size and horizontal pitch and determine that there is no blockage, 

restriction, leakage, corrosion, or other deficiency, which could cause an unsafe condition. 
3. Insofar as is practical, close all building doors and windows and all doors between the space in which the appliances 

remaining connected to the common venting system are located and other spaces of the building. If applicable, turn on 
the clothes dryers and any appliances not connected to the common venting system. Turn on any exhaust fans, such 
as range hoods and bathroom exhausts, so they will operate at maximum speed. Do not operate a summer exhaust 
fan. Close fireplace dampers. 

4. Place in operation the appliance being inspected. Follow the lighting instructions. Adjust thermostat so that the 
appliance operates continuously. 

5. If provided, test for spillage at the draft control device relief opening after 5 minutes of main burner operation. Use a 
cold mirror, the flame of a match, or candle. 

6. After it has been determined that each appliance remaining connected to the common venting system properly vents 
when tested as outlined above, return doors, windows, exhaust fans, fireplace dampers and any other gas-burning 
appliance to their previous condition of use. 

7. Any improper operation of the common venting system should be corrected so that the installation conforms to the 
National Fuel Gas Code, ANSI Z223.1/NFPA 54 and/or the Natural Gas and Propane Installation Code, CAN/CGA 
B149.1, Installation Codes.  When resizing any portion of the common venting system, the common venting system 
should be resized to approach the minimum size as determined using the appropriate tables in Chapter 13 of the 
National Fuel Gas Code, ANSI Z223.1/NFPA 54 and/or the Natural Gas and Propane Installation Code, CAN/CGA 
B149.1, Installation Codes. 

 
Heat exchanger surfaces and vent piping should be checked every six months for deterioration and carbon deposits. Remove 
all soot or other obstructions from chimney and flue, which might impede draft action. Replace any damaged or deteriorated 
parts of the venting system. 
 
A qualified service technician should follow this procedure when inspecting and cleaning the heat exchanger and vent pipe. 
 

¶ Turn off electrical power and main gas shut-off and allow appliance to cool down. 

¶ Remove the vent pipe running to the chimney and check heat exchanger, vent and chimney for obstruction and clean 
as necessary. 

¶ Remove burner from appliance and carefully clean as required. Never brush or wipe the knitted metal fiber surface ï 
use a garden hose and wash instead. Caution: Never use a pressure washer to clean the burner. 

¶ Use a pressure washer to clean heat exchanger, if necessary. 

¶ Reinstall parts removed in steps 2 and 3. Be sure that vent pipe has proper pitch and is properly sealed. Replace any 
damaged gasket. Note that the burner is supplied with two gaskets; a high temperature graphite coated ceramic paper 
gasket under the burner flange, and a stamped silicon gasket between the burner flange and fan flange. Tighten fan 
flange mounting nuts to 25 ft-lb. 

¶ Restore electrical power and gas supply to appliance. 

¶ Place appliance in operation using lighting instructions provided. 

¶ Confirm proper operation of all safety devices. 
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¶ Check for gas leaks and proper vent operation. 
 

NOTE 

Improper installation or system design, rather than faulty equipment, is the cause of most operating problems. 

 
1.8 BOILER ROOM OPERATING CONDITION 
 

¶ Due to low jacket losses from the appliance, temperatures in a typical boiler room may drop significantly; supplemental 
heat is required to maintain ambient temperature at acceptable levels. 

¶ Camus Avenger boilers are required to be vented as a Category II or IV condensing appliance. 
 
1.9 CLEARANCE FROM COMBUSTIBLE MATERIAL 
 
This appliance is suitable for alcove (a closet without a door) installation with minimum clearances to combustibles as follows: 
 

Table 1. Clearance from Combustibles 
 

 Clearance from Combustibles 

TOP 12ò REAR 12ò 

SIDES 12ò VENT 1ò 

 
Figure 4: Clearance from Combustibles 

 

 
 

The boiler must not be installed on carpeting. 
 
Note: Clearances from combustible construction are noted on the appliance rating plate. Maintain minimum specified 
clearances for adequate operation. All installations must allow sufficient space for servicing the vent connections, water 
pipe connections, circulating pump, bypass piping and other auxiliary equipment, as well as the appliance. 
 

Table 1. Servicing Clearances 

 
Service Clearances 

Model Inches (cm) 

Top* Right Side Left Side Back Front 

5000-6000 25ò 
(63.5cm) 

12ò 
(30.48cm) 

12ò 
(30.48cm) 

12ò 
(30.48cm) 

12ò 
(30.48cm) 

* 24ò is recommended for service clearances on top. This clearance can also be reduced to 12ò in more confined spaces, where it is 
difficult to leave 24ò clearance on top. In such situation, top panels and frames can be removed in order to service the blower assembly 
and burner assembly.  
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1.10 INSTALLATION PROCEDURE AND LOCATION OF UNIT 
 
Install this appliance in a clean, dry location with adequate air supply. 
 

¶ Do not locate this appliance in an area where it will be subject to freezing unless precautions are taken. Radiant losses 
from the Avenger are minimal and should not be relied on to keep the appliance room warm. 

¶ The appliance should be located close to a floor drain in an area where leakage from the appliance or connections will 
not result in damage to the adjacent area or to lower floors in the structure. It is recommended that a suitable drain 
pan, adequately drained, be installed under the unit. Under no circumstances is the manufacturer to be held 
responsible for water damage in connection with this unit, or any of its components. 

¶ If the appliance is installed above the level of the buildings radiation system, a Low Water Cut-Off device must be 
installed above the heat exchanger inlet/outlet connections. Some local codes require the installation of a low water 
cut-off on all systems. 

¶ When placing the appliance be aware that a minimum clearance of 24ò must be provided at the front to allow easy 
access to the heat exchanger. 

¶ The appliance must be installed so that the ignition system components are protected from water (dripping, spraying, 
etc.) during appliance operation and service (circulator replacement, control replacement, etc.) 

¶ Appliances located in a residential garage or in adjacent spaces that open to the garage and are not part of the living 
space of a dwelling unit, must be installed so that all burners and burner ignition devices have a minimum clearance of 
not less than 18ò (46 cm) above the floor. The appliance must be located or protected so that it is not subject to physical 
damage by a moving vehicle. 

¶ DO NOT install this appliance in any location where gasoline or flammable vapors are likely to be present. 

¶ Appliance must be installed on a level floor. Maintain required clearances from combustible surfaces. 

¶ Indoor models must be installed indoors where it is protected from exposure to wind, rain and weather. 

¶ Outdoor models must be installed outdoors. For outdoor installations, always consider the use of a shelter such as a 
garden shed to prevent direct exposure of the appliance. The additional protection afforded by the shelter will help to 
minimize nuisance problems with electrical connections and will allow easier servicing of the appliance under severe 
weather conditions.  
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1.11 SPECIFICATIONS AND DIMENSIONAL DATA 

 

 
 

Table 3. Appliance Dimensions and Specifications 
 

Model 
A 

(in.) 
B (in.) C (in.) D (in.) E (in.) F (in.) G (in.) H (in.) I (in.) J (in.) K (in.) 

COG 
(A) 

COG 
(B) 

AR 5000-
6000 

43 1/2 64 3/16 83 53 3/8 22 60 1/8 77 7/8 7 3/16 10 1/8 12 1/2 16 48 1/4 21 1/8 

 

Model 
COG 

(C) 
L (in.) M (in.) N (in.) 

Qw 

(in) 

Qh 

(in) 
O (in.) 

W (in.) 

Ø Water 

X (in.) 

Ø Gas 

Y (in) 

Ø air 

V (in) 

Ø  

Weight 

(lbs) 

AR 5000-

6000 
39 1/2 6 7/8 27 34 3/16 10 15 64 3/4 6 2 1/2 14 14 3000/3100 

 
*COG-Center of Gravity  
Note ï Direct Vent/Sealed combustion dimensions are same as for air intake. 
 

 
Table 3A: Input / Output 

 

Model 
Input MBH Gross Output  

MBH 
Turn-Down 

Max Min 

AR(N,P)-5000 5000 125 4,800 40:1 

AR(N,P)-6000 6000 150 5,640 40:1 

 

Table 3B: Water Content 
 

Model Volume (Gallon) 

AR(N,P)-5000 171 

AR(N,P)-6000 171 

 
Table 3C: Minimum Flow Rate at Maximum Fire Rate 

 
Model Flow (GPM) 

AR(N,P)-5000 117.5 

AR(N,P)-6000 138.0 

Based on maximum temperature rise of 80°F 

 
Table 3D: Absolute Minimum Flow Rate 

 

Model Flow (GPM) 

AR(N,P)-5000 39 

AR(N,P)-6000 46 

Model 
Required Ø for up to 

150 ft. equiv. length for 
Direct Venting (in) 

Required Category IV, 
vent Ø up to 150 ft. 
equiv. length (in) 

Required Category II vent Ø 
(in) 

AR(N,P)-5000 12 or 14 12 or 14 12 or 14 

AR(N,P)-6000 12 or 14 12 or 14 14 
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PART 2 VENTING & AIR SUPPLY 
 

DANGER 

It is extremely important to follow these venting instructions carefully. Failure to do so can cause severe personal injury, 
death or substantial property damage. 

 

DANGER 

Use of cellular core PVC (ASTM F891), cellular core CPVC or Radel® (polyphenosulfone) in venting systems is 
prohibited 

 
2.1 GENERAL VENTING GUIDE 
 

Figure 5: Venting Configurations 

          
             OUTDOOR VENTING       STANDARD VENTING                  SIDEWALL VENTING AND  
                           COMBUSTION AIR INLET 
 

¶ The Avenger may be vented with manufactured prefabricated UL/ULC listed vents of AL29-4C or 316L stainless steel 
or with plastic vent certified to UL/ULC S636, such as, IPEX System 636 CPVC or IPEX System 636 PP as permitted 
by local jurisdictions. 

¶ The Avenger boiler must be vented and supplied with combustion and ventilation air as described in this section. Ensure 
that the venting and combustion air supply comply with these instructions regarding the vent system, air system, and 
combustion air quality. 

¶ Vent installations for connection to gas vents or chimneys must be in accordance with Part 7, ñVenting of Equipmentò 
of the latest edition of the National Fuel Gas Code, ANSI Z223.1, in Canada, the latest edition of CAN/CGA Standard 
B149 Installation Codes for Gas Burning Appliances and Equipment or applicable provisions of the local building codes. 

¶ The distance of the vent terminal from adjacent building, windows that open and building openings MUST comply with 
the latest edition of the National Fuel Gas Code, ANSI Z223.1, in Canada, the latest edition of CAN/CGA Standard 
B149 Installation Codes for Gas Burning Appliances and Equipment. 

¶ Vent connection is made directly to the flue outlet opening on the back of the unit. 

¶ For indoor installations, venting must be in accordance with Part 7, Venting of Equipment, of the National Fuel Gas 
Code, ANSI Z223.1, or Section 7, Venting of Equipment and Air Supply for Appliances, of the CAN/CGA B149, 
Installation Codes, or applicable provisions of the local building codes. 

¶ Horizontal runs of vent pipe shall be securely supported (approximately every 4 feet) to prevent sagging and maintain 
a minimum upward slope of ıò per foot from the appliance to the vent terminal. 

¶ The weight of the venting system must not rest on the unit. Adequate support of the venting system must be provided 
in compliance with local codes and other applicable codes.  

¶ All connections should be secured and sealed per the vent manufacturerôs specifications. When a positive vent system 
is disconnected for any reason, the flue must be reassembled and resealed according to the vent manufacturerôs 
instructions. 

Heat Exchanger Head Loss and Flow 

Model 

20°F 40°F 60°F 

US 
GPM 

ȹP-FT US GPM ȹP-FT US GPM ȹP-FT 

AR(N,P)-5000 470 9.7 235 3.7 156.7 2.7 

AR(N,P)-6000 552 12.6 276 4.5 184 2.8 
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¶ Do not use an existing chimney as a raceway if another appliance or fireplace is vented though the chimney. 

¶ This appliance shall not be connected to chimney flue serving a separate appliance, designed to burn solid fuel. 
 

1. CATEGORY II AND CATEGORY IV VENTING 
 
A Category II venting system operates with a negative pressure in the vent. A Category IV venting system operates with positive 
pressure generated by the internal combustion air fan which operates the combustion process and exhausts the flue products 
from the building. 
 

¶ The Category II flues from multiple appliances can be combined into a common vent. This special venting system must 
be engineered by venting manufacturer and to be approved by local authority. 

¶ The Category IV flues from multiple appliances CAN NOT be combined into a common vent. 

¶ The Category IV flue must be a dedicated stack. 

¶ The Category IV flue appliance must have all vent joints and seams sealed gas tight. 

¶ The flue products in the vent system will be cooled below their dew point and will form condensate in the flue. Flue 
construction must be of AL29-4C, 316L Stainless, S636 CPVC, S636 PPE. 

¶ The flue from a Category II and IV vent system must have a condensate drain with provisions to properly collect, 
neutralize and dispose of any condensate that may occur. 

 
2.1.2 VENTING GUIDELINES FOR CATEGORY II AND/OR IV VENTING 
 

1. This installed length of the positive pressure flue from the appliance to the point of termination, outside of the building, 
must not exceed a maximum of 150 equivalent feet (45.72 m) in length. Depending on diameter and centerline radius 
subtract from 7 to 35 feet per 90° elbow using published venting manufacturers data. Subtract half this value for each 
45° elbow. 

2. The flue may terminate either vertically at the roof top or horizontally on a sidewall. See the information about the 
specific vent termination location for recommended location and clearances. 

3. For direct vent applications, the maximum wall thickness must be between 0.5ò ï 12ò (1.2 cm to 30 cm). 
 
2.1.3 APPROVED VENTING MATERIALS 
 
Exhaust Vent for Use for Avenger Category II or IV 
 
Installations 
 

1. Manufactured prefabricated UL/ULC listed vent of AL29-4C or equivalent, Single or Double wall. 
2. 316L Stainless Steel is limited to use in applications where there is no possibility of contaminants in the air such as 

refrigerants, chlorine etc. 
3. ñBHò type. 
4. PVC Schedule 40 or 80 approved to ULC S636, for low temperature applications only when the flue gas temperature 
does not exceed the ñMaximum Flue Temperatureò on Table 4. 

5. CPVC Schedule 40 or 80 approved to ULC S636. 
6. CPVC Schedule 40 approved to comply with ANSI/ASTM F441. (US Jurisdictions ONLY when permitted). 
7. Polypropylene approved to comply with ULC S636 up to 12ò diameter. 
 

NOTE 

1) Use of cellular core PVC (ASTM F891), cellular core CPVC or Radel® (polyphenosulfone) in venting systems is 
prohibited. 

2) Covering non-metallic vent pipe and fittings with thermal insulation is prohibited. 

 
Table 4. Maximum Flue Temperatures for Various Vent Materials  

 
Vent Material Maximum Flue Temperature (°F) 

PVC 149 

CPVC 194 

Polypropylene 230 

AL29-4C 300+, Limited only by rating of seals 

316L Stainless Steel 300+, Limited only by rating of seals 

 
Vent Material Selection 
 
When selecting vent material, take into consideration that appliances installed near a corrosive or potentially corrosive air supply 
must be isolated from it or they will suffer damage to the appliance and the venting system. 
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The corrosion resistance of AL29-4C is typically higher than that of 316L. Always choose the venting system which best satisfies 
the requirements of the application. 
 
This recommendation does not supersede local codes or the provision of the B149 in Canada or the National Fuel Gas 
Code in the United States. 
 

NOTE 

Air Intake material must be of a type listed by a nationally recognized testing agency 

 

¶ PVC Non-Foam Core Pipe. 

¶ CPVC Non-Foam Core Pipe. 

¶ Polypropylene 

¶ ABS (Acrylonitrile-Butadiene-Styrene) 
 
Single Wall air intake pipes are to be insulated 5 feet from wall toward the interior of the building to minimize external sweating. 
 
2.1.4 VENT TERMINATION CLEARANCES 
 

¶ Do not terminate the vent in a window well, stairwell, alcove, courtyard or other recessed area. The vent cannot 
terminate below grade. The bottom of the vent terminal shall be located at least 12 inches (30 cm) above grade and 
above normal snow levels.  In all cases, the appliance shall be installed in accordance with local codes. 

¶ The vent outlet MUST NOT terminate below a forced air inlet at any distance. 

¶ The vent cannot terminate below grade. Position the vent termination where vapors will not damage walls or plants or 
may otherwise be objectionable. 

¶ The vent terminal shall not be installed closer than 3 feet (1 m) from an inside corner of an L-shaped structure, window 
well, stairwell, alcove, courtyard, or other recessed area as wind eddies could affect boiler performance or cause 
recirculation. 

¶ DO NOT terminate closer than 4 feet (1.25 m) horizontally and vertically from any electric meter, gas meter, regulator, 
relief valve, or other equipment. In all cases, local codes take precedence. 

¶ Position terminations so they are not likely to be damaged by foreign objects or exposed to a build-up of debris. 

¶ The vent piping must terminate in an elbow pointed outward or away from the air inlet. 

¶ To avoid a blocked flue condition, keep the vent cap/terminal clear of snow, ice, leaves, debris etc. 

¶ Flue gases from this appliance may contain large amounts of water vapor that will form a white plume in winter. Plume 
could obstruct a window view. 

¶ Flue gas condensate can freeze on exterior walls or on the vent cap. Frozen condensate on the vent cap can result in 
a blocked flue condition. Some discoloration to exterior building surfaces can be expected. Adjacent brick or masonry 
surfaces should be protected with a rust resistant sheet metal plate. 

 
2.1.5 INLET CAP FOR ROOFTOP TERMINATION 
 
The air inlet cap consists of two 90° elbows installed at the point of termination for the air inlet pipe. The first 90° elbow is installed 
on the rooftop at the highest vertical point of the air inlet pipe and turned horizontal; the second 90° elbow is screened and is 
installed on the horizontal outlet of the first elbow and turned down.  A 90° elbow and a 90° street elbow may be used to make 
this assembly.  If a straight piece of pipe is used between the two elbows, it should not exceed 6ò (150 mm) in length. 
 
2.1.6 LOCATION OF A ROOFTOP AIR INLET AND VENT CAPS 
 

¶ The point of termination for the combustion air inlet cap MUST be at least 3 feet (0.91 m) below the point of flue gas 
termination (vent cap) if it is located within a 5-foot (1.5 m) radius of the flue outlet. Use care to ensure that the 90° 
elbow assembly is properly installed on the air inlet pipe. 

¶ The termination point of the combustion air inlet cap must be installed at least 3 feet (0.91 m) above the rooftop and 
above normal snow levels. 

¶ The vent cap assembly MUST be listed by nationally recognized agencies. 

¶ The combustion air cap and vent cap MUST be located on the same roof top surface and in the same pressure zone. 

¶ Combustion air supplied from outdoors must be free of contaminants. To prevent recirculation of flue products into the 
combustion air inlet, follow all instructions in this section. 

¶ Incorrect installation and/or location of the air inlet cap can allow flue products to be drawn back into the appliance. 
This can result in incomplete combustion and potentially hazardous levels of carbon monoxide in the flue products. 
This will cause operational problems with the appliance and if left uncorrected, will lead to conditions that can cause 
personal injury or death. 
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Figure 6: Vertical Direct Venting Configuration 
 

 
2.1.7 AIR INLET DAMPER 
 
In cold climates, it is essential to provide a motorized air Inlet Damper to control the supply of combustion air and prevent 
nuisance condensation. This is not to be confused with the ñAir inlet damperò that is mounted on the mixing tube (venturi) inside 
the boiler jacket. Each air Inlet Damper is designed to serve only one appliance and it must be electrically wired to the Air Inlet 
Damper Connection inside the junction box. All electrical wiring must be done in accordance with the requirements of the 
authority having jurisdiction or, in the absence of such requirements, with National Electrical Code, ANSI/NFPA70 and/or the 
Canadian Electrical Code part 1 CSA C22.1. A minimum clearance of not less than 6ò (152 mm) between the air Inlet Damper 
and combustible construction must be maintained for service of the vent damper device. 
 

Figure 7: Air Inlet Damper Connection inside J-Box 

 

 
 

NOTE 

Damper must be in open position when appliance main burner is operating. 

 
2.1.8 MASONRY CHIMNEY INSULATIONS 
 
Always follow local codes when venting this appliance into a masonry chimney. A standard masonry chimney must NOT be 
used to vent the products of combustion from the flue of a condensing, positive or negative pressure appliance (Category II or 
IV). If a masonry chimney is to be used, the chimney MUST use a sealed, corrosion resistant liner system to vent flue products 
from this high efficiency appliance. Sealed, metallic, corrosion resistant liner systems (AL29-4C or equivalent, single wall or 
double wall, or flexible or rigid metallic liners) must be rated for use with a high efficiency condensing, positive pressure vent 
system. Corrosion resistant chimney liner systems are typically made from a high grade of corrosion resistant stainless steel 
such as AL29-4C or equivalent. The corrosion resistant liner must be properly sized and fully sealed throughout the entire length. 
If the flue is contained within the masonry chimney, both the top and the bottom of the masonry chimney must be capped and 
sealed to provide a dead air space around the sealed corrosion resistant liner. 
 
Consult with local code officials to determine code requirements or the advisability of using a masonry chimney with 
a sealed corrosion resistant liner system. 
 
2.1.9 VERTICAL VENTING TERMINATION 
 

¶ Follow Category II or IV vent termination and all General Instructions. 

¶ The vent terminal should be vertical and exhaust outside the building at least 2 feet (0.61 m) above the highest point 
of the roof within 10 feet (3.05 m) radius of the termination. 

¶ The vertical termination must be a minimum of 3 feet (0.91 m) above the point of exit. 

¶ A vertical termination less than 10 feet (3.05 m) from a parapet wall must be a minimum of 2 feet (0.61 m) higher than 
the parapet wall. 

 
 
 

Vent 

Air Intake 

Air inlet must 
be 36ò min. 
below vent 
opening. 
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2.1.10 COMBINED COMBUSTION AIR INLET 
 
The air inlet pipes from multiple appliances can be combined to a single common connection if the common air inlet pipe has a 
cross sectional area equal to or larger than the total area of all air inlet pipes connected to the common air inlet pipe. 
 
Equivalent pipe diameter = Sq Root [(d1)2 + (d2)2 + (d3)2 + (d4)2 + ... + (dn)2], d, pipe diameter 
 

¶ Example: What is equivalent pipe diameter of three air inlet pipes, 8ò (20.3 cm), 10ò (25.4 cm) and 12ò (30.5 cm) 
o Equivalent pipe diameter = Sq Root [(8)2 + (10)2 + (12)2] = Sq Root (308) = 17.5ò, Select 18ò (82.8 cm) diameter 

pipe or larger. 
 
The air inlet point for multiple boiler air inlets must be provided with an exterior opening which has a free area equal to or greater 
than the total area of all air inlet pipes connected to the common air inlet.  This exterior opening for combustion air must connect 
directly to the outdoors. The total length of the combined air inlet pipe must not exceed a maximum of 150 equivalent feet (30.5 
m). You must deduct the restriction in area provided by any screens, grills or louvers installed in the common air inlet point. 
Screens, grills or louvers installed in the common air inlet can reduce the free area of the opening from 25% to 75% based on 
the materials used. Calculate and compensate accordingly for the restriction. 
 
2.1.11 CONDENSATE COLLECTION AND DRAIN TEE 
 

Depending on water temperatures and firing rate there may be large volumes of condensate generated. At high fire with 
condensing inlet water temperatures less than 130°F, condensate will be ejected from the vent outlet pipe and into the vent. It is 
recommended that provisions be made for collection and disposal of condensate from the vent. At low fire with condensing inlet 
water temperature, condensate will be generated within the secondary pass of the heat exchanger and will fall into the bottom 
collection pan. This condensate will be collected in the condensate box provided with the Avenger. The condensate box provided 
with the Avenger has two connections.  One connection (flex metal) removes condensate from the bottom pan and the other 
connection (flexible plastic) removes condensate from the vent outlet pipe.  
 

Figure 8: Drain ñTò and Neutralizer Cartridge Installation 

 

 
 

A drain line must be connected to the boiler condensate drain and to a tee installed in the vent pipe to collect and dispose of 
any condensate that may occur in the boiler and vent system. The drain tee should be installed at the point where the flue turns 
vertical for a roof top termination or as one of the first fittings in a horizontal flue that will terminate on a sidewall. Ensure that 
horizontal portions of the vent are properly sloped away from the appliance to allow condensate to be evacuated at the drain 
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tee. Plastic drain tubing, sized per the vent manufacturerôs instructions, shall be provided as a drain line from the tee and from 
the boiler condensate line. The drain tubing from the tee must have a trap provided by a 4ò (10 cm) diameter circular trap loop 
in the drain tubing and the boiler drain shall be normal with no loop and tied into the tee drain tubing with a tee at a point after 
the 4ò loop and before the neutralizer. Prime the trap loop by pouring a small quantity of water into the drain hose before assembly 
to the vent. Secure the trap loop in position with nylon ties. Use caution not to collapse or restrict the condensate drain line with 
the nylon wire ties. The common condensate drain must be routed to the condensate neutralization system or a suitable drain 
for the disposal of condensate that occurs in both the boiler and in the vent system.  Ensure that the drain from the condensate 
tee is not exposed to freezing temperature.  
 
2.2 CONVENTIONAL VENTING (INDOOR) INSTALLATIONS 
 

¶ The Avenger is approved as a category II appliance and is approved for venting into a common chimney. On single 
appliance installations with dedicated chimney, if drafts are excessive (above negative 0.15 inches W.C.), a single 
acting barometric damper is recommended. 

¶ A qualified professional using a proven vent-sizing program with input of accurate operating parameters must properly 
determine sizing of the venting system. In applications where flue gas temperatures are lower than can support a 
Category II with conventional negative draft, it will be determined at the venting design stage that a positive pressure 
will be developed in the vent. It will then be necessary to either provide separate vents as for Category IV, pressurize 
the room or to provide an extractor at the chimney outlet interlocked with the appliance operating circuit in order to 
maintain a negative draft in the chimney and allow common venting. 

¶ Approval of the installation will be at the discretion of authorities having jurisdiction. 
 
IN GENERAL 
 

a) The operation of exhaust fans, compressors, air handling units etc. can take away air from the room, creating a negative 
pressure condition leading to reversal of the natural draft action of the venting system. Under these circumstances, an 
engineered air supply is necessary.  

b) If the appliance is to be installed near a corrosive or potentially corrosive air supply, the appliance must be isolated 
from it and outside air should be supplied as per code. 

c) Potentially corrosive atmospheres will result from exposure to permanent wave solution, chlorinated waxes and 
cleaners, chlorine, water softening chemicals, carbon tetrachloride, halogen-based refrigerants, Freon cleaning 
solvents, hydrochloric acid, cements and glues, masonry washing materials, antistatic fabric softeners, dry cleaning 
solvents, degreasing liquids, printing inks, paint removers, etc. 

d) The equipment room MUST be provided with properly sized openings to assure adequate combustion air and proper 
ventilation when the unit is installed with a proper venting system. 

 
2.2.1 AIR REQUIRED FOR COMBUSTION AND VENTILATION 
 
If air is taken directly from outside the building with no duct, provide two permanent openings: 

¶ Net free area for combustion air opening shall be in accordance with all applicable codes. In the absence of 
such codes, provide combustion air opening with a minimum free area of one square inch per 30,000 Btuh 
input (1.3 cm per kW) of the total rated input of the power burner. This opening must be ducted no higher than 
18ò nor less than 6ò above the floor. Provide a ventilation air opening located as high as practical in the room 
sized no less than 10% of the air supply opening. 

¶ Provision for combustion and ventilation must be in accordance with: 
1. Applicable sections of The National Fuel Gas Code ANSI Z223.1 
2. Applicable sections of CAN/CGA B149 installation codes 
3. Applicable provisions of the local building codes 

 

NOTE 

Outside air openings shall directly communicate with the outdoors 

 

CAUTION 

Under no circumstances should the mechanical room ever be under a negative pressure. Particular care should be taken 
where exhaust fan, attic fans, clothes dryers, compressors, air handling units, etc., may take away air from the unit. 

 
2.2.2 EXHAUST FANS 
 
Any fan or equipment which exhausts air from the equipment room may deplete the combustion air supply and/or cause a 
downdraft in the venting system through a barometric damper if installed. Spillage of flue products from the venting system into 
an occupied living space can cause a very hazardous condition that must be immediately corrected. 
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2.3 OUTDOOR VENTING  
 
The Avenger windproof cabinet protects the unit from weather, when fitted with the factory supplied air intake and UL approved 
vent cap (93.0298), it will be self-venting and suitable for outdoor installation. 
 

¶ Outdoor models must be installed outdoors and must use the air intake and vent cap supplied by Camus Hydronics. 

¶ Periodically check to ensure that air intake and vent cap are not obstructed. 

¶ Locate appliance at least 3 feet away from any overhang. 

¶ Locate appliance at least 10 feet away from building air intake. 

¶ Avoid installation in areas where runoff from adjacent building can spill onto appliance. 
 
For outdoor installations, always consider the use of shelter such as a garden shed to prevent direct exposure of the appliance 
to the elements. The additional protection afforded by the shelter will help to minimize nuisance problems with electrical 
connections and will allow easier servicing of the appliance under severe weather conditions. 
 
2.4 SIDEWALL VENTING 
 
When fitted with vent terminals, the Avenger can vent up to 150 equivalent feet. Elbows can range from 7 to 35 feet in equivalent 
length depending on centerline radius. Refer to Table 3 for vent sizes. 
 
Appliances may be installed with either a horizontal sidewall vent or vertical roof top vent. Use approved single wall or double 
wall vent. Terminals can be standard 45 or 90 degrees elbows for both air intake and exhaust. 
 
Periodically check to ensure that the vent terminal is unobstructed. 
 
This venting system uses the applianceôs internal combustion air fan to force the flue products out horizontally. 
 
The Avenger fan generates a positive pressure in the flue. Combustion air is drawn from the equipment room. Refer to local 
codes for proper installation and location of vent terminals. 
 
2.4.1 SIDEWALL VENT TERMINAL & SIDEWALL INTAKE AIR TERMINAL 
 

¶ The opening through the wall for installation of the sidewall vent terminal must provide an air space clearance of 1 inch 
(2.5 cm) to combustible material around the flue pipe. The diameter of the opening for the air inlet will be the same as 
the nominal size of the pipe. 

¶ Install the proper vent pipe to the approved vent terminal for Avenger boilers/water heaters. 

¶ Follow all requirements in the General Venting sections for venting flue products to the outdoors. 
 
2.4.2 LOCATION OF A SIDEWALL VENT TERMINATION 
 

¶ The vent terminal shall terminate at least 3 feet (1 m) above any forced air inlet within 10 feet (3 m) horizontally. 

¶ The vent terminal MUST NOT terminate below a forced air intake at any distance. 

¶ Do not terminate the vent in a window well, stairwell, alcove, courtyard, or other recessed area. The vent cannot 
terminate below grade. 

¶ The vent shall not terminate near soffit vents or crawl space vents or other areas where condensate or vapor could 
create a nuisance or hazard or cause property damage. 

¶ Do not terminate the vent where condensate or vapor could cause damage or could be detrimental to the operation of 
regulators, relief valves or other equipment. 

¶ The vent shall not terminate over public walkways. 

¶ The vent system shall terminate at least 3 feet (1 m) above normal snow levels and least 7 feet (2.15 m) above grade 
when located adjacent to public walkways. 

¶ The vent terminal shall not be installed closer than 3 feet (1 m) from an inside corner of an L-shaped structure. 

¶ The vent terminal should have a minimum clearance of 4 feet (1.25 m) horizontally from and in no case above or below, 
unless a 4 foot (1.25 m) horizontal distance is maintained from electric meters, gas meters, regulators and relief 
equipment. In all cases, local codes take precedence. 

¶ Flue gas condensate can freeze on exterior walls or on the vent terminal. Frozen condensate on the vent cap can result 
in a blocked flue condition.  Some discoloration to exterior building surfaces can be expected. Adjacent brick or masonry 
surfaces should be protected with a rust-resistant sheet metal plate. 

¶ The vent shall not terminate where condensate vapor could cause damage or could be detrimental to the operation of 
regulators, relief valves, or other equipment. 
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Table 5. Direct Vent Terminal Clearances 

 
Direct Vent Terminal Clearances Canadian Installations1 US Installations2 

A 
Clearance above grade, veranda, porch, deck, or 
balcony 

12ò (30 cm) 12ò (30 cm) 

B Clearance to window or door that may be opened 36ò (91 cm) 12ò (30 cm) 

C Clearance to window or door that may be opened * * 

D Clearance to permanently closed window * * 

E Clearance to unventilated soffit * * 

F Clearance to outside corner * * 

G Clearance to inside corner * * 

H 
Clearance to each side of center line extended above 
meter/regulator assembly 

3ô (91 cm) within a height of 
15ô (4.5 m) above the meter/ 
regulator assembly 

* 

I Clearance to service regulator vent outlet 36ò (91 cm) * 

J 
Clearance to non-mechanical air supply inlet to 
building or the combustion air inlet to any other 
appliance 

36ò (91 cm) 12ò (30 cm) 

K 
Clearance to a mechanical air supply inlet 6ô (1.83 m) 3ô (91 cm) above if within 10ô 

(3 m) horizontally 

L 
Clearance above paved sidewalk or paved driveway 
located on public property 

7ô (2.13 m)Ŭ * 

M Clearance under veranda, porch deck, or balcony 12ò (30 cm)ɓ * 
1 In accordance with the current CSA B149.1 Natural Gas and Propane Installation Code 
2 In accordance with ANSI Z223.1/ NFPA 54 National Fuel Gas Code 
Ŭ A vent shall not terminate directly above a sidewalk or paved driveway that is located between two single family 

dwellings and serves both dwellings 
ɓ Permitted only if veranda, porch, deck, or balcony is fully open on a minimum of two sides beneath the floor. 
* For clearances not specified in ANSI Z223.1/ NFPA 54 or CSA-B149.1. Clearance in accordance with local installation 

codes and the requirements of the gas supplier 
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Table 6. Room Air, Vent Terminal Clearances 

 
Room Air, Vent Terminal Clearances Canadian Installations1 US Installations2 

A 
Clearance above grade, veranda, porch, deck, or 
balcony 

12ò (30 cm) 12 in (30 cm) 

B 
Clearance to window or door that may be opened 36ò (91 cm) 4ô (1.2 m) below or to side of 

opening; 1ô (30 cm) above 
opening 

C Clearance to window or door that may be opened * * 

D Clearance to permanently closed window * * 

E Clearance to unventilated soffit * * 

F Clearance to outside corner * * 

G Clearance to inside corner * * 

H 
Clearance to each side of center line extended above 
meter/ regulator assembly 

36ò (91 cm) within a height of 
15ô (4.5 m) above the meter/ 
regulator assembly 

* 

I Clearance to service regulator vent outlet 36ò (91 cm) * 

J 
Clearance to non-mechanical air supply inlet to 
building or the combustion air inlet to any other 
appliance 

36ò (91 cm) 4ô (1.2 m) below or to side of 
opening; 1ô (30 cm) above 
opening 

K 
Clearance to a mechanical air supply inlet 6ô (1.83 m) 3ô (91 cm) above if within 10ô 

(3 m) horizontally 

L 
Clearance above paved sidewalk or paved driveway 
located on public property 

7ô (2.13 m)Ŭ * 

M Clearance under veranda, porch deck, or balcony 12ò (30 cm)ɓ * 
1 In accordance with the current CSA B149.1 Natural Gas and Propane Installation Code 
2 In accordance with ANSI Z223.1/ NFPA 54 National Fuel Gas Code 
Ŭ A vent shall not terminate directly above a sidewalk or paved driveway that is located between two single family 

dwellings and serves both dwellings 
ɓ Permitted only if veranda, porch, deck, or balcony is fully open on a minimum of two sides beneath the floor. 
* For clearances not specified in ANSI Z223.1/ NFPA 54 or CSA-B149.1. Clearance in accordance with local installation 

codes and the requirements of the gas supplier 
 

2.4.3 LOCATION OF A SIDEWALL AIR INLET TERMINAL 
 

¶ The termination point of the sidewall air inlet must be installed a minimum of 3 feet above normal levels of snow 
accumulation. 

¶ The point of termination for the sidewall combustion air inlet terminal MUST be located a minimum of 36ò (90 cm) below 
the point of flue gas termination (vent cap). 

¶ The sidewall vent and air termination must be purchased with the boiler to ensure reliable boiler operation. 
 

 
 

 
 
 
 
 
 
 
 
 

 
2.4.4 LENGTH OF AIR INLET PIPE 
 
The maximum total length of the sidewall or vertical roof top combustion air inlet pipe as installed from the appliance to the air 
inlet terminal must not exceed 150 equivalent feet (30.5 m) in length. Subtract 7 (2.13 m) to 35 feet (10.7 m) of equivalent length 
depending on centerline radius for each 90° elbow installed in the air inlet pipe system. Pressure drop in 45° elbow will be half 
as much. 
 
PART 3 GAS CONNECTIONS 
 
Verify that the appliance is supplied with the type of gas specified on the rating plate. Consult factory for installations at high 
altitude. 

Vent 

Air 
Intake 

36" 

Normal Snow Level 

осέ .ŜǘǿŜŜƴ ǘƘŜ 
top of Air Intake 
and Bottom of 

Vent 
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3.1 GAS CONNECTION 
 

¶ Safe operation of unit requires properly sized gas supply piping. See gas line sizing data. 

¶ Gas pipe size may be larger than appliance connection. 

¶ Installation of a union at the appliance gas line connection is required for ease of service and removal of the gas train. 

¶ Install a manual main gas shutoff valve, outside of the appliance gas connection as required by local codes. 

¶ A trap (drip leg) MUST be provided in the inlet gas connection to the appliance. 

¶ Optional gas controls may require routing of bleeds and vents to the atmosphere, outside the building when required 
by local codes. 

¶ This appliance may be supplied with a gas pressure relief valve. This valve is designed to relieve lockup pressure in 
excess of the high gas pressure switch setting. It must be piped to discharge excess gas pressure through the valve to 
a safe location in accordance with local codes. Follow table 5 for sizing the vent line. 

 
Table 7. Gas Pressure Relief Valve ï Vent Manifold Sizing Chart 

 
Size of Combined Vent Line (Sch. 40 pipe)* 

Qty of Pressure Relief Valves being 
combined 

Pressure Relief Valve Size ï Ĳò NPT 
Pressure Relief Valve Size - 1ò 

NPT 

1 Ĳò 1ò 

2 1ò 1 ıò 

3 1 ıò 1 İò 

4 1 ıò 2ò 

5 1 İò 2ò 

6 1 İò 2ò 

7 2ò 2 İò 

8 2ò 2 İò 

*Up to 50 feet. Increase by one pipe size for every 50 feet or part thereof that the vent line extends beyond the initial 50 feet . The 
increase is to be made at the connection to the relief valve. 

 
Table 8 Recommended Gas Pipe Size 

 

Input 0-100 feet 101-200 feet 201-300 feet 

Btu/Hr x 1000 NAT. L.P. NAT. L.P. NAT. L.P. 

5000 2 İò N/A 3ò N/A 3 İò N/A 

6000 2 İò N/A 3ò N/A 3 İò N/A 

Single Appliance Installation (For distance from natural gas meter or propane second stage regulator) 
 

3.2 GAS PIPING 
 
All gas connections must be made with pipe joint compound resistant to the properties of liquefied petroleum and natural gas. 
All piping must comply with local codes and ordinances. 
 
3.3 INSTALL PIPING 
 

¶ The gas line should be sufficient to handle the total installed capacity. Verify pipe size with gas supplier. 

¶ Use new, properly threaded black iron pipe free from burrs. Avoid flexible gas connections. Internal diameter of flexible 
gas lines may not provide appliance with proper volume of gas. 

¶ Install a manual main gas shutoff valve at the appliance gas inlet, outside of the appliance and before the gas valve. 
Install a joint union at the appliance gas line connection for ease of service and removal of the gas train. 

¶ Run gas pipe to appliance gas inlet. 

¶ Install a sediment trap in the supply line to the appliance gas inlet. 

¶ Apply a moderate amount of good quality pipe compound. 

¶ For LP gas, consult your LP gas supplier for expert installation. 
 
The appliance and its individual gas shutoff valve must be disconnected from the supply piping when pressure testing the gas 
supply piping at pressures above ½ PSI. 
 

Table 9 Gas Pressures at Inlet to Appliance 

 
 PROPANE NATURAL GAS 

Minimum (inches W.C.) N/A 4 

Maximum (inches W.C.) N/A 14 
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The gas supply line must be of adequate size to prevent undue pressure drop and must never be smaller than the size of the 
connection on the appliance. Sizing based on Table 8 is recommended. 
 
Before operating the appliance, the complete gas train and all connections must be tested using soap solution. 
 
Verify that the appliance is supplied with the type of gas specified on the rating plate. Heating values of local natural gas are to 
be between 950 and 1010 Btu/ft3. Consult factory if heating values are outside this range or if a gas with a mixture of 
constituents is being used. 

3.4 GAS VALVES 
 
Avenger 5000-6000 models utilize two valves. A High-End gas valve and a Low-End gas valve. The Low-End gas valve fires 
down between the minimum input and a predetermined point in the modulation range that is higher than the minimum input. 
Within this range the air inlet damper is modulating. As input is increased by boiler control, at the pre-determined point, control 
is passed from the Low-End gas valve to the High-End gas valve and at the same time the fan air inlet damper becomes fully 
opened. The High-End gas valve fires up to maximum input. This combination allows for clean combustion across the whole 
high turndown modulation range. 
  

Figure 9. Typical Gas Train (Models AR5000-AR6000) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NOTE: Illustrations below do not reflect actual gas train assemblies on these models. 
 
The Low-End gas valve is a zero governor that incorporates two N.C. safety shut-off valves that are integrated inside the valve. 
The Low-End gas valve uses a servo regulator to adjust gas flow. The Low-End gas valve uses gas pressure feedback and air 
pressure feedback to detect changes in flow of air and gas. These are sensed inside the valve by servo diaphragms. These 
feedbacks allow the Low-End gas valve to correct flow better in response to changes of input and/or inlet pressure. The air 
pressure feedback is placed on the mixing tube (venturi tube). This is the same air feedback pressure measured by the High-
End gas valve.  
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Figure 10: 1:1 Low-End Gas Valve 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Adjustments can be made to the Low-End gas valve to introduce a bias to the regulation of the valve. These adjustments should 
be made with respect to levels of CO2.  
 
The gas valve adjustments of both the Low-End Valve and the High-End Valve are preset at the factory and adjustment is not 
usually required if gas supply pressure is maintained within the specified range. 
 
To adjust the low fire (offset pressure) on the Low-End gas valve, open the protective slide using a flat screwdriver, then use a 
2.5 mm Metric hex Allen key and turn the screw towards the (-) symbol or clockwise to decrease gas flow. Turn the adjustment 
towards the (+) symbol or counterclockwise to increase the gas flow. Verify that combustion parameters are within the CO2 range 
according to Table 14 using a combustion analyzer. 
 
Please note that under most conditions the low fire bias adjustment on the Low-End gas valve should be close to the negative 
mark: 
 

 

Low fire offset adjustment 
(Use 2.5 mm Metric Allen 
key for adjustment, counter- 
clockwise increases CO2 
and clockwise decreases 
CO2) 

High fire adjustment (Use 
flat screwdriver for 
adjustment, turning 
counterclockwise increases 
CO2) 

Under most conditions the low fire 
adjustment should be turned almost 
all the way clockwise, pointing 
towards the ñïò label. Minor 
adjustments may still be needed if 
CO2 is out of the range listed in Table 
17. 
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On/Off Safety 
Valve Drive  

BUS connection 
between the PS 
(Pressure 
sensor) and the 
regulating valve 
drive 

 
To adjust the high fire on the Low-End gas valve, use a flat head screwdriver to turn the screw placed on the shutter flange as 
shown in the above image. Turn towards the (-) symbol or clockwise to decrease gas flow. Turn towards the (+) symbol or 
counterclockwise to increase gas flow or CO2. Verify that combustion parameters are acceptable.  
 
It should be noted that under most circumstances an adjustment on the high side of the Low-End gas valve is not needed and 
this step can be skipped. Only adjust if there are problems in transitioning between the Low-End and High-End gas valves such 
as howling which is often a sign of too rich of a combustion. Or if there is a premature loss of flame.  
 
The High-End gas valve is a negative pressure control valve that incorporates two safety shutoff valves in series mounted on 
a common valve body. The upstream valve drive acts as an On/OFF safety valve while the downstream valve drive acts as a 
safety shut off valve as well as a regulator.  
 
The downstream regulating valve drive uses a servo regulator to regulate gas flow. It relies on gas pressure feedback and air 
pressure feedback to detect changes in flow of air and gas to regulate better. The air pressure feedback is sensed at the same 
location as the Low-End gas valve. The gas pressure feedback is measured by a pressure transducer that is placed downstream 
of the High-End gas valve. The pressure transducer also receives measurements from the air pressure feedback.  The combined 
measurement is then digitized and passed onto the downstream regulating valve drive using a BUS cable to help with correcting 
gas flow.  
 
The regulating valve drive has a visual indicator, a red tab, that indicates the position of the regulator. Bear in mind that the built-
in servo regulator has tens of thousands of steps, and its fine movements (indicatorôs) may not be visible to the naked eye. Both 
valve drives have built in blue LEDs that turn on once they are energized. The pressure transducer also has a blue LED that 
turns on once energized.  
 
The regulating valve drive comes with a proof of closure that is tied to the controller. The proof of closure is a normally closed 
switch that opens when the valve isnôt fully shut. This is to make sure that the valve is not stuck in an open position when itôs de-
energized. The boiler control verifies the valve proof of closure in preignition to make sure the valve isnôt stuck open from a 
previous run.   
 

Figure 11: 1:1 Differential Air/Gas Ratio Control Valve 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 
 
Adjustments can be made to the High-End gas valve to introduce a bias to the regulation of the valve. These adjustments should 
be made with respect to levels of CO2.  
 
To adjust the high fire offset pressure on the High-End gas valve, a gate valve which is also known as a trim valve or metering 
valve is provided which is mounted downstream of the automatic gas valve. Use a flat head screwdriver to turn the screw placed 
on the trim/metering valve. Turn counterclockwise or increase gas flow or CO2 and clockwise to decrease gas flow or CO2. This 
adjustment should be made to reach CO2 values listed in Table 17. Verify that combustion parameters are within the CO2 range 
according to Table 17 using a combustion analyzer.  

Regulating 
Valve Drive 

Use 5/32ò Hex Allen key 
for adjustment, turning 
clockwise increases CO2 
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To adjust the low fire offset pressure on the High-End gas valve, use a 5/32ò hex Allen key and turn the screw towards the (-) 
symbol or counterclockwise to decrease gas flow. Turn the adjustment towards the (+) symbol or clockwise to increase the gas 
flow. Verify that combustion parameters are acceptable using a combustion analyzer. 
 
It should be noted that under most circumstances an adjustment on the low side of the High-End gas valve is not needed and 
this step can be skipped. Only adjust if there are problems in transitioning between the Low-End and High-End gas valves such 
as howling which is often a sign of too rich of a combustion. Or if there is a premature loss of flame.  

 
The gas valve adjustments of both the Low-End Valve and the High-End Valve are preset at the factory and adjustment is not 
usually required if gas supply pressure is maintained within the specified range. 
 

3.5 OPERATION SEQUENCE OF THE GAS VALVES 
 

¶ The boiler controller on this appliance may fire/modulate the burner from 4% up to 100% as shown on its display. This 
range is scaled from minimum input up to maximum input. 

¶ The boiler ignites at a modulation range around 20% as shown on the modulation range using the pilot gas valve 
located near the top plate of the heat exchanger.  

¶ The Low-End gas valve then turns on to transfer the pilot flame into the main flame.     

¶ As controller ramps up the firing rate (if thatôs necessary to meet demand), at a predetermined point in the modulation 
range, the Low-End gas valve is switched Off and the High-End gas valve turns On. This predetermined point is located 
around 25% as shown on the display.  

¶ The damper is at a fully closed location at 4% as shown on the display. It modulates from about 7% up to the 
predetermined point where the switch between the two gas valves happens. And once the High-End gas valve is tuned 
on the damper turns fully open.  

¶ The pilot is always turned on before a switch between the two gas valves takes place regardless of the direction of the 
switch (High to Low or vice versa) to accommodate a seamless transition. 

¶ The Low-End and High-End gas valves both rely upon gas pressure measurements as well as air pressure 
measurements to correct gas flow to maintain the combustion values depicted in Table 17 throughout the whole 
modulation range. 

¶ The bias screws (for adjusting a gas pressure offset) mounted on both gas valves mentioned in section 3.4 are preset 
at the factory.  

¶ The trim/metering valves located downstream of the gas valves are also preset at the factory.   

¶ A reduction of up to 50% is permitted in the inlet gas pressure between light off/ignition and full fire conditions. 

¶ Always check settings posted on boiler test report (ships with the unit). 
 

3.6 REGULATED GAS SUPPLY PRESSURES FOR AVENGER BOILERS & WATER HEATERS 
 
A stable gas supply pressure is important to avoid rough starts with gas appliances such as Avenger boilers and water heaters. 
Camus requires that all Avenger models be supplied with no more than 14ò w.c. supply pressure at maximum input i.e. 100% 
firing rate. This means that lockup pressure must not exceed 14ò w.c. 
 

Under most conditions the high fire 
adjustment should be turned 4 to 5 turns 
clockwise (closed) from a fully open position. 
Minor adjustments may still be needed if 
CO2 is out of the range listed in Table 17. 
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It is paramount that maximum lockup pressure be confirmed before any attempt is made to start up the appliance. 
Operating the Avenger at lockup pressures exceeding 14ò w.c. is not recommended and could lead to delayed ignitions and 
damage to the appliance. 

3.7 VENTING OF GAS VALVES AND PRESSURE SWITCHES 
 
The optional gas pressure switches may be provided with threaded termination points to be vented to the atmosphere, outside 
the building. The gas pressure regulation function is provided by the ratio gas valve which does not require installation of a vent 
line.  
 
The gas pressure switches are installed on the gas train. Threaded vent line connections from components requiring an external 
vent line are provided on the component. These vent line connection points may be accessed by removing the front panel of the 
appliance. Local codes may require the routing of these bleeds and vents to the atmosphere, outside the building. Proper routing 
of vent lines to the atmosphere from the factory supplied termination points is the responsibility of the installing contractor. 
 
Do not vent gas pressure switches to a point subject to any flow of gas or air as this could result in a false reading by the gas 
pressure switch leading to a premature lock out.   

3.8 BURNER 
 

Figure 12. Burner 

 

 
 
This appliance uses a single cylindrical burner installed vertically into the opening located in the center of the heat exchanger. 
The burner consists of a round mounting flange welded to a mixing tube. The top side of the mixing tube provides the transition 
which mounts the discharge from the combustion air fan into the burner. The bottom side of the mixing tube is attached to a 
stainless-steel perforated sleeve. This stainless-steel sleeve is covered with a metal fiber alloy material that forms the burner 
port surface. The burner port material is a metal fiber material which is a unique alloy of iron, chrome, aluminum, and several 
rare earth metals. This alloy is designed to operate stress free as a burner port surface. The burner port surface can sustain 
operation from a blue flame down to infrared conditions as the burner input varies. Infrared operation will occur only as turndown 
is increased.   

Model 5000-6000: Utilizes proven pilot ignition. The burner mounting flange provides a flame view port, the mounting point for 
the Hot Surface Igniter, a connection to the pilot tube and the UV Scanner.  

The Hot Surface Igniter and UV Scanner are removable from the burner mounting flange without removing the burner assembly 
from the heat exchanger. 
 

NOTE 

Never use an open flame (match, lighter, etc.) to check gas connections, use a soap solution instead. 

 
PART 4 WATER CONNECTION 
 

¶ Check all applicable local heating, plumbing, and building safety codes before proceeding.  

¶ If the appliance is installed above radiation level, it must be provided with a low water cut-off (LWCO) device at the time 
of appliance installation (available from factory). Some local codes require the installation of a low water cut off on all 
systems. 

¶ A pressure relief valve is supplied with each Avenger model. The relief valve must be mounted in a vertical position 
and piped to the floor in a manner acceptable to the enforcing authority. 

¶ Minimum operating system water pressure should not drop below 15 PSIG. A minimum water pressure relief valve 
setting of 50 PSIG is recommended. 

¶ Be sure to provide unions and gate valves at inlet and outlet to the appliance so that it can be easily isolated for service. 
The provision of a flow setter valve at the appliance outlet will facilitate setting of the proper flow at the desired 
temperature rise at high fire.   

Pressure Measurement 

 



24 

 

¶ Special attention to minimum water flow rates will ensure that temperature rise is not excessive. See Table 10. 

¶ To eliminate trapped air, install venting devices at high points in the system as well as in the piping on the suction of 
the pump and in the piping on the discharge of the appliance. 

¶ Use suitable pipe hangers or floor stands to support the weight of all water and gas piping. 

¶ Always pump toward the heat exchanger inlet. Never pump away from the exchanger since this will result in a low-
pressure zone, which will allow localized boiling and result in heat exchanger damage. 

¶ The Avenger must be installed so that the gas ignition system components are protected from water (dripping, spraying, 
rain, etc.) during appliance operation and service (circulator replacement, control replacement, etc.) 

 
Figure 13. Typical Space Heating System 

 
 

 

4.1 WATER TREATMENT 
 

Camus Hydronics Avenger® condensing boilers are suitable for closed loop heating systems. Systems with significant air 
accumulation due to unknown or unseen leaks must be equipped with a system air separation or pretreatment device.  

Untreated drinking water is generally the best heating medium as filling and make-up water for a system that utilizes the Model 
Avenger. If the water available from the main system is not suitable for use, then demineralization and/or treatment with inhibitors 
is necessary. Treated filling and make-up water must be checked at least once a year or more frequently if specified in the 
application guidelines from the inhibitor manufacturer.  

Those parts of the boiler in contact with water are manufactured with ferrous materials and corrosion- resistant stainless steel. 
The chloride content of the heating water should be below 150 ppm. The pH level should be between 7 and 9.5 after six weeks 
of operation. If the mineral content and dissolved solids become too high, scale forms inside the heat exchanger tubes, reducing 
heater efficiency and damaging the heater. If the PH levels drop below 6.6 this will cause corrosion of the heat exchanger and 
severely damage the boiler. PH levels higher than 9.5 can potentially cause lime scale buildup. Heat exchanger damage resulting 
from chemical imbalance is not covered by warranty.  

Table 1-2 gives recommended Avenger water chemistry parameters. Adherence to these limits will help to maintain efficiency 
and will aid in preventing overheating of the boiler's heating surfaces. Water quality testing should be conducted prior to installing 
this appliance and at the time of every scheduled maintenance. It is recommended to flush the entire system to prevent any 
sediment, debris or any other impurities from ending up inside and harming the appliance. This is done with the boiler isolated 
from the system.  

Water make-up during the lifetime of the boiler should not be greater than 3 times the system volume.  A water meter should be 
installed on the feed line to monitor makeup water volume. 
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Table 1-2: Model Avenger Water Chemistry 
 

Parameter Limit Means of control 

Glycol 50% Glycol fill/mixing station 

pH 7 ï 9.5 Buffering agent 

Sulfates 50 ppm Chemical additives 

Chloride < 150 ppm RO filtration; Ion exchange 

Oxygen < 0.1 ppm Air separator/eliminator 

Specific Conductivity < 1500 mmho/cm N/A 

Total Hardness < 10 ppm Softener 

Dissolved solids <1800 ppm Magnetic filter 

Hardness 1 - 7 grains/Gallons Softener 

4.1.1- New Installations 

A new hydronic system may contain various kinds of debris from the construction process, including weld slag, metal shavings, 
etc. The piping system should be thoroughly flushed with the boiler isolated from the system to ensure particulates do not enter 
the boiler. 

During this and any subsequent cleaning or flushing of the system, take care to ensure that no debris enters the boiler during 
the cleaning process. Consult with the installation contractor and/or water treatment provider for filtration recommendations. A 
pre-start ñboil outò of the vessel is not required; the interior boiler surfaces are cleaned following production of the pressure 
vessel. 
 
4.1.2 - Using Glycol 
 
The Model AVENGER boiler may be operated with a solution of glycol and water. Where glycol is added, the system must first 
be cleaned and flushed. 
       
When freeze conditions exist ethylene glycol (C2H6O2) and propylene glycol (C3H8O2) can be added to water to provide freeze 
protection and burst protection. Both glycols have lower thermal conductivity and specific heat capacity values than water making 
them less efficient in transporting heat when compared to water. For this reason, if no adjustment is made to the system when 
glycol is added, excess heat can build up withing the heat exchanger which can in turn cause damage and failure to the heat 
exchanger.  
 

MOST IMPORTANT 

Damages to overheating caused by using a glycol-water mixture are not covered under warranty. 

 
A higher volumetric flowrate is needed to maintain the same temperatures and/or output levels and to avoid damages to the 
heat exchanger. If a higher volumetric flowrate isnôt provided boiler input needs to be reduced to keep the heat exchanger safe. 
In some cases, this means that a higher rated input boiler needs to be acquired and then reduced in input so that there is enough 
input while also keeping the heat exchanger safe. 
 
Higher flowrates lead to higher pressure drops, energy consumption, and equipment wear. As a result, it is important to 
accurately determine the minimal concentration of glycol needed to do the job to maintain system efficiency. Because of this, 
design flow rates and pump selections should be sized with this in mind. 
 
To determine the amount of increase needed in flow, the specific heat capacity of the Glycol at the percentage used, and at the 
boiler supply temperature, needs to be obtained. This information must be obtained from the glycol vendor as there are many 
Glycol formulas and brands. This information usually comes in a table listing the specific heat capacity values at different 
temperatures and percentages. Once the specific heat capacity of the glycol mixture is obtained, the following formula can be 
used to obtain the increase in flow: 
 

&ÌÏ× 'ÌÙÃÏÌ ÍÉØÔÕÒÅ
&ÌÏ× 7ÁÔÅÒ ÏÎÌÙ

3ÐÅÃÉÆÉÃ ÈÅÁÔ ÃÁÐÁÃÉÔÙ ÁÔ ÔÈÅ Ϸ ÕÓÅÄ ÁÎÄ ÔÈÅ ÓÕÐÐÌÙ ÔÅÍÐÅÒÁÔÕÒÅ
 

 
In table 1-4 you can see recommended increased flows for Avenger when using an example glycol solution that has a specific 
heat capacity of 0.9 Btu/lb./°F at 30% mixture and 180°F boiler supply temperature. It should be mentioned again that this table 
is derived for an example Glycol solution only and the flow values need to be recalculated if the specific heat capacity of your 
Glycol solution is different. 
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Table 1-4: Required boiler flows for an example Glycol solution with a specific heat capacity of 0.9 Btu/lb./°F at 30% 
and 180°F 

 

Model 
20ÁF ȹT 40ÁF ȹT 60ÁF ȹT 

US GPM US GPM US GPM 

AR(N,P)-5000 522 261 174 

AR(N,P)-6000 613 307 204 

 

IMPORTANT 

If flow isnôt increased when a Glycol mixture used, boiler input needs to be reduced to keep the heat exchanger from getting 
damaged. The amount of boiler input reduction is depicted in Figure 14.   

 

IMPORTANT 

When using a Glycol mixture, the pressure at the system should be no less than 30 PSIG!  

 

MOST IMPORTANT 

Damages due to overheating caused by using a glycol-water mixture are not covered under warranty.  
 

 
Generally, corrosion inhibitors are added to glycol systems. However, all glycols tend to oxidize over time in the presence of 
oxygen, and when heated, form aldehydes, acids, and other oxidation products. Whenever inadequate levels of water treatment 
buffers and corrosion inhibitors are used, the resulting water glycol mixture pH may be reduced to below 7.0 (frequently reaching 
5) and acid corrosion results. Thus, when pH levels drop below 7 due to glycol degradation the only alternative is to drain, flush, 
re-passivate, and refill with a new inhibited glycol solution. 

 

 
The following recommendations and limitations should be adhered to in applying Avenger® model boilers to hydronic systems 
using glycol: 
 
1) Maximum allowable antifreeze proportion (volume%):  

50% antifreeze (glycol) 
50% water 

2) It Is not recommended to use glycol solutions less than 25%. 
3) Do not add hard water with inhibited glycol as this will lead to sludge. 
4) High temperature glycol recommended. 

5) The glycol concentration determines the maximum allowable firing rate and input of the boiler(s). Please refer to the firing 

Avenger Maximum Input vs. Glycol Concentration 
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rate limitation in Figure 14. This can be done by reducing the maximum speed on VFD. 

6) Maximum allowable boiler outlet/supply temperature: 185° F (85° C). 

7) Minimum water circulation through the boiler: 

a) The minimum water circulation must be defined so that the temperature difference between the boiler outlet/ supply 
and inlet/return is a maximum of 40 deg F (22 deg C), defined as DT (Delta T). A DT Limit algorithm should be 
enabled in the boiler controller. 

b) Independent from the hydraulics of the heating system, constant water circulation through each boiler is required 

while the boiler is operating (requires a dedicated boiler pump if in a primary/secondary loop arrangement).  

5) For outlet temperatures up to the maximum of 185 deg F (85 deg C), a minimum operating pressure of 30 psig (2.1 bar) is 

required. 

6) pH level must be maintained between 7 and 9.5 

7) Minimum required system operating pressure is 30 psig. 
8) Maximum system operating temperature of 185ęF. Maximum ȹT of 40ę. 

9) Standard altitude (<1000' ASL). Contact Camus Hydronics for high altitude applications. 

10) Pumps should be sized based on system design ȹT and required flow rates. 

11) Circulation rates correlate with boiler output based on efficiencies published in the Avenger submittal sheet. 

4.2 WARNING REGARDING CHILLED WATER AND HEATING COIL SYSTEMS 
 
When an appliance is connected to a refrigeration system where the same water is used for heating and cooling, the chiller must 
be piped in parallel with the appliance. Appropriate flow control valves; manual or motorized must be provided to prevent the 
chilled water from entering the appliance. 

 
The appliance piping system of a hot water boiler connected to heating coils located in air handling units where they may be 
exposed to refrigerated air circulation must be equipped with flow control valves or other automatic means to prevent gravity 
circulation of the boiler water during the cooling cycle. 
 

Figure 15. Chilled Water System 

 

 
  
4.3 INLET AND OUTLET CONNECTIONS 
 

¶ All water connections are groove-lock fittings. 

¶ For ease of service, install unions on inlet and outlet of the appliance. The connection to the appliance marked ñInletò 
on the header should be used for ñReturnò from the system. The connection on the header marked ñOutletò is to be 
connected to the ñSupplyò side of the system.  

 
4.4 MINIMUM PIPE SIZE REQUIREMENTS 
 
The equivalent number of straight feet of pipe for each valve and fitting in the connecting piping must be considered to properly 
arrive at the total equivalent feet of straight pipe in the field installed piping to the appliance. See the piping requirements in Part 
11 - Installation section of this manual. Consult factory if longer piping distances are required for a specific application.  
 
4.5 HEAT EXCHANGER 
 
The heat exchanger is of fully welded construction and is cylindrical in appearance.  The heat exchanger is a vertical, two-pass, 
counter-flow, fire-tube design and consists of an integral combustion chamber with an inner tube bundle for primary heat transfer 
and an outer tube bundle to extract latent heat from flue gases. This heat exchanger is designed to withstand maximum of 160 
PSIG working pressure. 
A factory recommended circulating pump ensures proper water flow during burner operation so as not to exceed maximum 
recommended temperature rise. Scale formation in the heat exchanger is controlled by proper water treatment. 

Return 

Supply 

System  
Pump 
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4.6 LOW WATER TEMPERATURE SYSTEMS  
 

In applications where the heating system requires supply water temperatures below 110°F, connections may be made directly 
to the          Avenger. At incoming temperatures of 120°F or lower the Avenger achieves maximum efficiency. Inlet temperatures 
must not drop below 40°F to prevent freezing. 
 
4.7 INSTANTANEOUS WATER HEATER  
 
An instantaneous water heater is designed to deliver hot water without the use of a storage tank. It is suitable for applications 
with variable load such as restaurants, condominiums, apartments, and motels and typically used in conjunction with tempering 
valves to achieve temperature control. In some applications it may be appropriate to provide a flow through tank to act as a 
buffer. Consult factory for recommendations. (See Figure ) 
 

Figure 16. Typical Instantaneous Water Heating System 

 

 
 

 
Table 10. Flow and Pressure Drop (Ft.) at a Given Temperature Rise (Heat Exchanger Head Loss and Flow) 
 

Model 
20°F 40°F 60°F 

US GPM ȹP-FT US GPM ȹP-FT US GPM ȹP-FT 

AR(N,P)-5000 470 9.7 235 3.7 156.7 2.7 

AR(N,P)-6000 552 12.6 276 4.5 184 2.8 

 
4.8 WATER HEATER THERMOSTAT SETTING 
 

¶ This appliance is provided with an electronic temperature controller as detailed in Section 6. 

¶ The maximum setting for this water heater is 140°F. 

¶ There is a hot water scald potential if the temperature controller is set too high. 
 
4.9 WATER FLOW SWITCH  
 
A water Flow Switch (ships loose) is to be installed in the outlet piping on all heating boilers and hot water supply boilers. The 
Flow Switch is wired in series with the 24VAC safety control circuit.  
 
4.10  LOW WATER CUTOFF  
 
If this boiler is installed above radiation level, a Low Water Cut-Off (LWCO) device must be installed at the time of boiler 
installation. Some local codes require the installation of a Low Water Cut-Off on all systems. Electronic Low Water Cut-Offs are 
available as a factory supplied option on all models. Low Water Cut-Offs should be tested every six months, including flushing 
of float types. The normally open switch contact of the Low Water Cut-Off is to be wired in series with the flow switch. A Hold 
condition message will be indicated on the control display on a low flow condition.  
 

Caution 

Remove jumper when connecting to 24 VAC circuit. 
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Figure 17. Low Water Cut Off Electrical Connections (Safgard) 
 

 
 

Figure 18. Low Water Cut Off Electrical Connections (ITT) 
 

 
4.11 RELIEF VALVE  
 
This appliance is supplied with a relief valve sized in accordance with ASME Boiler and Pressure Vessel Code, Section IV 
(ñHeating Boilersò). The relief valve is to be installed in the vertical position and mounted in the hot water outlet. No valve is to 
be placed between the relief valve, and the appliance. To prevent water damage, the discharge from the relief valve shall be 
piped to a suitable floor drain for disposal when relief occurs. No reducing couplings or other restrictions shall be installed in the 
discharge line. The discharge line shall allow complete drainage of the valve and line. Relief valves should be manually operated 
at least once a year. If a relief valve discharges periodically, this may be due to thermal expansion in a closed water supply 
system. Contact the water supplier or local plumbing inspector on how to correct this situation. Do not plug the relief valve. 
 

CAUTION 

Avoid contact with hot discharge water 

 
4.12 CIRCULATING PUMP SELECTION 
 
The appliance has a stainless-steel heat exchanger for fast response and high heat absorption. Selecting the proper pump will 
ensure that temperature rise does not exceed the maximum recommended for the application. 
 
4.12.1 CIRCULATING PUMP OPERATION OF HEAT EXCHANGER 
 

MOST IMPORTANT 

This appliance is designed for continuous pump operation when the burner is firing. The pump control option allows the 
appliance circulating pump to be cycled ñONò prior to the burner firing and cycled ñOFFò sometime after the set point is 

satisfied. 

 
The operation of the circulating pump is controlled by the Avenger temperature control (SOLA).  When the appliance is activated 
by a remote operating signal the pump will start and run for the operating cycle and for a post purge period based on temperature 
difference between inlet and outlet connections to the appliance. The SOLA can directly operate pumps up to 1/6 HP. Larger 
pumps will require a separate relay or contactor. 
 
To select the proper pump, it is strongly recommended to consider the following: 

Connection detail for placing 
L.W.C.O in 24V circuit 
 
WARNING: Be sure to remove the 
jumper between H and P1 
























































































































