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The Immergas Avio 21 Maiorrepresents a significant milestone in the evolution of wall-mounted gas boilers

designed for residential applications. Engineered by Immergas S.p.A. in Brescello, Italy, this series bridges the gap

between high-efficiency domestic heating and robust hot water storage capabilities. In the modern HVAC (Heating,

Ventilation, and Air Conditioning) landscape, understanding the intricate mechanical and electronic architecture of

the Avio 21 Maior is essential for technicians, engineers, and facility managers who prioritize system longevity and

operational efficiency.

This technical analysis delves into the core components, thermodynamic principles, and maintenance protocols 

associated with the Avio 21 Maior. By examining specific parts such as the R136B modulation board, the 8-liter 

expansion tank, and the 500mm sacrificial anode rod, we can develop a granular understanding of how these

systems maintain homeostasis under varying thermal loads. The following sections provide an exhaustive technical

breakdown of the boiler's architecture, safety mechanisms, and troubleshooting workflows.

1. Architectural Overview and Physical Specifications

The Avio 21 Maior is characterized by its compact yet heavy-duty design. Unlike standard instantaneous boilers,

the Maior series often incorporates an internal storage tank (bollite) to ensure immediate availability of Domestic

Hot Water (DHW). This requires a robust chassis capable of supporting the combined weight of the heat

exchanger, the storage vessel, and the hydraulic assembly.

Physical Dimensions and Weight Parameters

The engineering footprint of the Avio 21 Maior is optimized for wall-mounted installation, though it requires

significant structural integrity in the mounting surface due to its internal water volume. The following specifications

are standard for the unit:

•  Height: 900 mm

•  Width: 600 mm

•  Depth: 450 mm

•  Empty Weight: 65 kg (Note: Operating weight increases significantly when the 8L expansion tank and internal 

storage are filled).

The 65kg dry weight necessitates the use of heavy-duty mounting brackets and, in many cases, reinforcement of

non-load-bearing walls. The depth of 450mm is slightly larger than modern condensing units, reflecting the

inclusion of the internal storage tank and the traditional atmospheric or fan-assisted combustion chamber assembly.

2. Electronic Control Systems: The R136B Modulation Board

The heart of the Avio 21 Maior’s operational logic is the Modulation Board (Art. R136B). This printed circuit board

(PCB) acts as the central nervous system, coordinating inputs from temperature sensors (NTC probes), pressure

switches, and the user interface to modulate the gas valve's output.

The Logic of Modulation



Electronic modulation is critical for energy efficiency. Instead of a simple "on/off" binary operation, the R136B board 

utilizes a Proportional-Integral-Derivative (PID)control loop to adjust the flame height. When the delta between

the setpoint temperature and the actual water temperature is high, the board signals the gas valve to open fully. As

the target temperature is approached, the board reduces the current to the modulation coil on the gas valve,

narrowing the orifice and reducing the gas flow. This prevents "short-cycling," which is the leading cause of

premature component wear in residential boilers.

Technical Integration of the R136B

The R136B board is specifically tuned for the Avio and Zeus Maior ranges. It manages the following critical

functions:

1.  Ignition Sequence: Controlling the spark generator and detecting flame presence via ionization.

2.  Pump Overrun: Ensuring the circulator pump continues to run after the burner shuts off to dissipate residual 

heat from the primary heat exchanger.

3.  Anti-Freeze Protection: Automatically firing the burner if the internal water temperature drops below a critical 

threshold (typically 5°C).

4.  Fault Diagnostics: Interpreting resistance changes from NTC thermistors to identify over-temperature or 

sensor failure conditions.

3. Hydraulic Equilibrium: Expansion Tanks and Pressure Management

One of the most frequent failure points in aging Avio 21 units is the hydraulic expansion system. The Immergas 

Expansion Tank LT 8 (Part 1017064) is a critical safety and operational component designed to accommodate the

thermal expansion of water.

Thermodynamic Role of the 8L Expansion Tank

As water is heated from 10°C to 80°C, it expands by approximately 3-4% in volume. In a closed-loop system, this 

expansion would lead to a catastrophic increase in pressure if not for the expansion tank. The 8-liter Jolly 

expansion tankfeatures an internal EPDM (Ethylene Propylene Diene Monomer) diaphragm that separates a

pressurized nitrogen/air chamber from the system water.

When water expands, it compresses the air cushion in the tank, maintaining the system pressure within a safe

operating range (typically between 1.0 and 2.5 bar). If the diaphragm ruptures or the air charge is lost, the boiler

will experience rapid pressure spikes during heating cycles, leading to the discharge of the safety valve.

The 3-Bar Safety Valve

To protect the primary heat exchanger and hydraulic piping, the Avio 21 Maior is equipped with a Cartridge Safety 

Valve rated at 3 Bar. This is a spring-loaded mechanical relief valve. If the internal system pressure exceeds 3 bar,

the spring tension is overcome, and water is evacuated through a discharge pipe. Frequent dripping from this valve

is a primary indicator of either a failed expansion tank or a faulty valve seat.

4. Corrosion Mitigation: The 500mm Sacrificial Anode

Because the Avio 21 Maior features an internal storage tank for hot water, it is susceptible to galvanic corrosion. To 

combat this, Immergas utilizes a 500mm Magnesium Anode Rod. This component is essential for the longevity of

the steel storage vessel.

The Chemistry of Protection

Galvanic corrosion occurs when two different metals are submerged in an electrolyte (water). The more "noble"



metal will draw electrons from the less noble metal. In this case, the magnesium rod is less noble than the steel

tank. The magnesium undergoes oxidation, sacrificing itself to provide electrons to the steel, thereby preventing the

tank walls from rusting. This process is governed by the electrochemical series.

Technical maintenance requirements for the anode include:

•  Annual Inspection: The anode should be checked every 12-24 months.

•  Replacement Threshold: If the diameter of the 500mm rod has decreased by more than 60%, or if the core 

wire is visible, replacement is mandatory to prevent tank perforation.

•  Water Conductivity: In areas with high mineral content (hard water), the sacrificial process accelerates, 

requiring more frequent replacements.

5. Combustion Chamber and Thermal Insulation

The efficiency of the Avio 21 Maior is also dependent on its ability to contain and direct heat. The Combustion 

Chamber Insulation (Front Art. 1.014709)plays a dual role: protecting the outer casing from thermal damage and

ensuring that the maximum amount of heat is transferred to the primary heat exchanger.

These insulation panels are typically made of ceramic fiber or vermiculite composites. Over time, heat stress and

moisture can cause these panels to crack or degrade. Damaged insulation leads to "hot spots" on the boiler's front

panel and a measurable drop in thermal efficiency. During a technical service, these panels must be vacuumed

(never brushed, to avoid fiber release) and inspected for structural integrity.

6. Technical Comparison: Avio 21 vs. Zeus Series

The Avio 21 Maior is often compared to its sibling, the Zeus series. While they share many internal components,

such as the expansion tank and certain valves, their applications differ based on DHW demand.



Feature/Metric Avio 21 Maior Zeus 24 Maior Technical Implication

Nominal Heat Output 24.4 kW (approx.) 28.0 kW (approx.) Zeus offers higher peak 
capacity for larger homes.

Tank Capacity Integrated (Standard) Integrated (Enhanced) Both use storage tanks to 
eliminate "cold start" 
showers.

Modulation Board R136B R136B / Compatible Interchangeable 
electronics simplify parts 
inventory.

Expansion Tank 8 Liters 8-10 Liters Both require 1.0 bar pre-
charge for optimal 
operation.

Anode Length 500 mm 500-600 mm Both require magnesium 
protection for tank longevity.

7. Field Guide: Maintenance and Step-by-Step Service Procedures

To maintain the Immergas Avio 21 Maiorat peak performance, a systematic maintenance approach is required.

Following these steps ensures safety and restores factory-standard efficiency.

Step 1: Hydraulic Pressure Verification

Before any electrical tests, the hydraulic integrity must be confirmed. The system pressure gauge should read

between 1.2 and 1.5 bar when cold. If the pressure is lower, the filling loop must be used to introduce water. If the

pressure exceeds 3 bar during operation, the expansion tank pre-charge must be checked using a dry pressure

gauge on the tank's Schrader valve.

Step 2: Modulation Circuit Testing

Using a multimeter, technicians should verify the resistance of the NTC thermistors. At 25°C, a standard Immergas

NTC should read approximately 10k Ohms. If the R136B board is not modulating correctly, check the DC voltage

being sent to the gas valve modulator coil (typically ranges from 3V to 12V DC).

Step 3: Combustion Analysis and Insulation Check

Open the combustion chamber and inspect the 1.014709 front insulation. Ensure there are no signs of flame

rollout or scorching on the external cabinet. Perform a flue gas analysis to measure CO (Carbon Monoxide) and

CO2 levels. High CO levels often indicate a partially blocked primary heat exchanger or incorrect air-to-gas ratios.

Step 4: Anode Replacement Workflow

1.  Isolate the cold water inlet and drain the internal storage tank.

2.  Locate the anode access port (usually on the top or side of the storage vessel).

3.  Unscrew the old 500mm anode rod using a socket wrench.

4.  Apply PTFE tape or appropriate thread sealant to the new magnesium anode.

5.  Install the new rod, ensuring a tight seal to prevent leaks under the 6-bar domestic water pressure.

6.  Refill the tank and check for leaks before restoring power.

8. Troubleshooting Common Failure Modes



Operating a legacy system like the Avio 21 Maior presents specific challenges. Below are common failure modes

and their technical resolutions.

Scenario A: Frequent System Lockout (Red LED)

Diagnosis:This is often caused by a failure in the ignition sequence or flame sensing. The R136B board relies on

a minute ionization current (micro-amps) to confirm the flame is present. If the ionization electrode is dirty or the

board's detection circuit is faulty, the boiler will shut down for safety.

Solution:Clean the ionization probe with a non-metallic abrasive pad. Check for proper earthing of the boiler, as

the ionization circuit requires a solid ground reference.

Scenario B: Rapid Pressure Fluctuations

Diagnosis: This almost always points to the 8L Expansion Tank . If the air chamber is flooded with water, there is

no compressible volume to absorb expansion.

Solution:Depress the Schrader valve on the tank. If water emerges, the diaphragm is ruptured, and the tank (Part

1017064) must be replaced. If only air (or nothing) emerges, pump the tank to 1.0 bar using a foot pump while the

water side is depressurized.

Scenario C: Insufficient Domestic Hot Water (DHW)

Diagnosis:This can be caused by a scaled-up heat exchanger or a failing 3-way valve that isn't fully diverting heat

to the storage tank.

Solution:Verify the movement of the 3-way valve actuator. If the valve moves but the water remains lukewarm, the

storage tank may have significant sediment buildup at the base, insulating the water from the heat coil.

9. Optimization and Broader Implications for Boiler Management

The continued operation of the Immergas Avio 21 Maior in an era of high energy costs requires a proactive

approach to system optimization. Beyond simple repairs, integrating the boiler with modern thermostatic controls

can significantly reduce the workload on the R136B modulation board. Using OpenTherm adapters or high-

sensitivity room thermostats allows the boiler to utilize its modulation capabilities more effectively, matching the

heat output to the building's actual heat loss.

Furthermore, the choice of replacement parts is paramount. Utilizing OEM (Original Equipment Manufacturer) 

components, such as the specific Immergas cartridge safety valve or the Jolly expansion tank, ensures that the

pressure-flow characteristics remain within the design parameters set by Immergas S.p.A. Third-party components

may have different spring tensions or diaphragm elasticities, which can lead to unpredictable system behavior or

premature fatigue of the primary heat exchanger.

In summary, the Avio 21 Maior remains a testament to robust Italian engineering. Its reliance on high-quality

mechanical components like the 500mm magnesium anode and sophisticated electronics like the R136B board

creates a balanced system capable of providing reliable heating and hot water for decades. For the technical

professional, the key to managing these units lies in understanding the synergy between the hydraulic expansion

system, the electronic modulation logic, and the chemical protection provided by sacrificial components. Through

diligent maintenance and an engineering-first approach to troubleshooting, the lifecycle of the Avio 21 Maior can be

extended significantly, providing an excellent return on investment for the end-user while maintaining the highest

standards of safety and efficiency.
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