Closed Loop Water Cicuit

Why Do Closed Systems Have Corrosion?

The introduction of dissolved oxygen from the raw water makeup is the primary cause of corrosion. Mild steel and iron corrode rapidly under these conditions, releasing small flakes of rust into the reticulating stream. These particles are abrasive and tend to erode the components of the system. This can be particularly harmful in the area of pump shaft seals.

Are Closed Systems Truly Closed?

A popular misconception is that once all the oxygen in a closed system has been used up, the system will become stable and no more corrosion will take place. Unfortunately, this is not usually the case. Most so called closed systems are not truly closed. There has to be provisions made to the automatically compensate for any pressure changes or water losses in the system. To accomplish this, the system will normally utilize an expansion tank and relief valve, at the same time being connected to the water main via a pressure reducing valve (PRV).

Expansion tanks usually have a volume of air trapped above the water. The oxygen dissolves in the water and is then circulated throughout the system. Makeup water enters the system as a result of leaking air from the loop or because of water leaks, bringing with it a fresh supply of oxygen. Sometimes quite substantial leaks or losses can go undetected for a long time since the PRV automatically makes up for them.

The net result of this is the introduction of a small but continuous supply of corrosive oxygen. As corrosion in the system continues, heat transfer surfaces become coated and lose efficiency, and tubes become plugged. Layers of debris lead to an effect known as under-deposit corrosion which can cause pitting; a form of concentrated localized corrosion.

The remedy is corrosion inhibitors to provide a mono-molecular film of protection.

Protection programs also provide a pH buffer and protection against the corrosion of soft metals such as copper, brass, bronze, etc. By coating all internal surfaces of piping and equipment with a protective film, ensure no corrosive attack is possible.

However, the desirable results are the protection of the enhanced copper tubes and a life expectancy of 10 to 20 years without failures. Monitoring is the only way to determine if protection is being obtained. Certainly, detailed visual and metallographic inspection and examination of the actual  enhanced tubes is the ultimate evaluation. Samples of deposits should be removed from the tubes for analysis. Removal of an enhanced tube (or several) and a metallographic examination, along with a water chemistry evaluation, is the most positive method to determine not only tube condition but also the cause of corrosion and/or failure. 

POSSIBLE CAUSES

The following checklist may help identify why a closed system is losing water:

1) Check all circulating pumps for leaks around the seals or packing. Replace and/or tighten if necessary.

2) Check the expansion tank to ensure it is not full of water. If the expansion tank does not have sufficient air space for expansion when the system water heats up, the relief valve will lift to relieve the excess pressure. If the tank is full of water, manually drain so that it is only about 1/3 full when the system is cold.

3) Check all pressure relief valves. Be aware that closed systems can intermittently relieve excess system pressure due to temperature changes and an improperly functioning pressure regulator, located on the make up line. If the regulator fails, the system pressure can slowly increase to the point where the pressure relief valve momentarily opens. Water will then be expelled until the pressure returns to normal.

You can check for a defective pressure regulator by installing a pressure gauge before and after the regulator. The pressure reading after the pressure regulator should not exceed the preset pressure setting on the regulator. If it does, the pressure regulator is defective and should be replaced. Note that the pressure setting (fixed regulator) or the pressure range (adjustable regulator) will be indicated on a metal tag attached to the regulator and that the regulator should be set at 2 psig above the highest head in the system. Since the system pressure can change with the temperature, make sure the temperature is stable when checking the pressure regulator. For example, a hot water system at room temperature with the circulating pumps off may have a pressure of only 12 psig. With the pumps on and the water heated to 160 F, the pressure may increase to as high as 28 psig.

4) Check all automatic air vents to see if they are leaking water. Pay particular attention to vents, which are piped, directly into a drain. Replace all air vents that are leaking water.

5) Check the back flow preventers. If the make up line does not have a properly installed and functioning back flow preventer and if the system pressure is greater than the make up line pressure, system water can be lost into the make up line. Swing type check valves are not acceptable since they will not function properly under a vacuum - as water rushes from the closed system (higher pressure) to the make up line (lower pressure), a vacuum can occur. A common cause of the system pressure being greater than the make up line pressure is when someone shuts off the main water supply. Each closed system should have its own back flow preventer.

6) Check the conductivity, pH, inhibitor level, hardness or color (if a colored treatment product or a dye is used) of the water. 

7) Where steam is used to heat a hot water system (via a heat exchanger), check for contamination in the various boiler system waters. If there is a leak in the heat exchanger, water from the hot water loop will generally leak into the boiler system via the condensate return. This contamination may be reflected in the conductivity, color, hardness, or sulfite level (lowered) of the condensate, feed water, or boiler water.













