CONDENSATION : AIR AND SURFACE TEMPERATURES

Condensation occurs when the temperature falls below the dew point.  Within a room, there may be several different temperatures (e.g. being warmer nearer radiators and ceilings, but cooler nearer the floor) but in order to get an average reading, it is advised for the temperature to be taken in the centre of the room, at mid-height.

EXAMPLE

If a room has a temperature of 20oC and it is cold outside, then the surface temperature of the external wall will be lower than the internal temperature.  This means that the temperature of the external glass of a window will be even lower, especially at 0oC.  (The outside surface of the glass would be 6oC, and the inside of the glass would be 7oC).  If the relative humidity in the middle of the room was 50%, then the dew point would be 8.5oC.  So in this instance, dew would deposit on the window (unless there was a radiator or a fair draught).  Evidence of this can be found frequently on single-glazed bedroom windows on a winter’s night, where people give out their own quota of moisture (by breathing and by sweat).

Condensation can also be seen streaming down walls and glazed doors in kitchens that have little heating.  An extractor fan over an oven would reduce any condensation occurring as well as removing smells from cooking.  Condensation which occurs unseen inside a wall construction does not become evident until later.

Condensation can occur interstitially, i.e. inside a modern construction, so architects and designers should be aware of the possibility and take the necessary precautions to prevent this from happening.
HYGROMETERS

There are a number of simple instruments which are used to measure the relative humidity (RH) of the air.  The simplest to use is the wet and dry bulb hygrometer.

Wet and dry bulb hygrometer

This consists of an ordinary dry thermometer reading in Centigrade (or Fahrenheit) and another which has it own bulb wrapped in a wick dipping into a small reservoir of water.  When set up and steady, the two thermometers are read and the difference noted.  A table is consulted and the difference and the dry temperature are used to find the RH%.  If the difference is small, it is because conditions are not conducive to evaporation, i.e. the air is more humid than usual or colder.  In warmer and drier air, the difference is larger.
EVAPORATING CONDENSATION

Q. What conditions are conducive to drying or evaporating condensation or its non-formation ?

A. Several

1. Obviously heat – Raising the temperature.

2. A drier air – But this cannot necessarily be arranged.  We usually have to take what nature provides.

3. Draught or wind or mechanical ventilation -  This is usually most effective (think of the washing on the line).

Exposure of more surface area to the air, of course, is also preferable but difficult as this is similar to drying laundry as one cannot spread out the damp fabric of a building.

One of the main reasons for increased frequency of condensation problems in modern living is the reduced ventilation of modern houses with central heating as compared to years gone by when the old open fire was the chief source of heat.  The old open-fire ventilated the house well but only warmed a limited area at a very low efficiency of the use of the fuel.

POROSITY CAPILLARITY

The force of attraction between like molecules of one substance is called cohesion.  Every molecule attracts every other molecule near to it with this cohesive force.  If the material is solid and is fractured with a clean break and the two halves are fitted together, the pieces cannot usually be fitted so closely together that the molecules are close enough to regain their cohesive force at the fracture without a thin layer of adhesive.  This would be a liquid, which completely fills the gap and adheres to both surfaces.  So adhesion is a force of attraction of unlike molecules or surfaces.  A liquid can ‘wet’ or truly touch a solid surface over most of its area so that molecular forces, which we call adhesion, take over.  Adhesion then is an attraction of unlike molecules.
Liquid molecules stick together by tensile forces in all directions except at the surface, where there are no upward forces.  This gives the surface the resemblance to a stretched skin – horizontal forces are present in all horizontal directions, and downward forces.  The forces on the surface are called surface tension.

If water is observed touching clean glass it turns upward in a curve called a meniscus.  It is evident that the adhesion of the top most water molecules to the glass molecule must be at least as great, and presumably greater than the cohesion or surface tension force in the water molecules themselves.  This means that two surfaces of glass close together will create a double curve of water between, forming nearly a semi-circle and according to the nearness of the glass walls, water will rise bodily in the gap (owing to the larger adhesive force) until the upward pull is balanced by the weight of liquid drawn up.  This drawing up or along a channel is called capillary action.

INTERSTITIAL CONDENSATION

In some modern constructions condensation can take place within the fabric of the wall and not be apparent on the surface for a time, and meanwhile do unseen damage.  The moisture may be harmful to the fabric and it will certainly reduce the value of the insulation.  The moisture can even cause dry rot if wood or wallboard is present.

Interstitial condensation occurs because the dew point at a certain layer of the construction is above the actual temperature.  Such a condition tends to occur toward the back of the insulation where the construction and insulation is pervious to water vapour, i.e. allows vapour to travel through freely from one side to the other.  For example :-
1. A solid concrete wall with a good thickness of efficient insulation, e.g. 25mm of expanded polystyrene, with plaster or plasterboard face.  Condensation occurs at the back of the polystyrene.  Its temperature is below dew point.

2. If an existing one-brick thick house wall (solid) is to have insulation improved by battening out and fixing fibreboard to the battens, it may cause the same effect and the water in the space may cause danger of dry rot to the battens or wallboard.
A vapour “barrier” is therefore needed.  It must be put on the warm side of the insulation.  It is important to appreciate that the moisture did not have its origin as liquid water or water vapour from outside, but that the origin was water in the air of the room and that the vapour travels from inside to outside of the building.  Remember that vapour pressure is greater on the inside than on the outside of the building when it is cold outside.

COLD BRIDGES

These are areas of construction where the U value is considerably higher than the rest of the wall, if it is a wall.  An example is solid concrete lintels even if faced with brick outside.  Condensation is likely to take place on them at times.  Since the U value would be over 1 W/m2 oC they are officially not allowed for new house building.  Beside concrete lintels, it is possible for concrete to “bridge” from inside to outside of a wall in the form of columns in some constructions.
