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The influence of the humidity on thermal comfort, heat load calculation and cooling capacity

Prof. Dr.-Ing. F. Steimle, Essen, Germany

1. Heat transmission of the human body

The human heat transmission is done by convection, radiation and by evaporation of water to the
environment. This physical transmissions cause the following six parameters of thermal comfort:

o activity level

¢ clothing

e air temperature

e air humidity

o air velocity

¢ wall temperature

The different heat transmission mechanism take over different parts of the total heat load. The ratio
are depending on various parameters. With rising air-temperature the convection is decreasing
meanwhile the latent heat by evaporation is increasing. In fig. 1 the influence of the activity level
on the different ratios is shown. The total heat losses with an activity level related to 120 W is fairly
constant over a wide range of temperature. But the ratio between the latent heat and the sensible
heat is very different at various air temperatures.

For a higher activity level related to 250 W or to 350 W shows the same tendency. The sensible
heat is always the sum of convection an radiation.

In fig. 2 the different heat transfer parts are shown depending on the total heat loss and the air-
temperature. It can be seen very clearly, that at a room air-temperature of 33°C the radiation and
the convection is going to be zero. At higher temperatures the evaporation must take over the
incoming convection and radiation. That means the latent heat is higher than the heat production in
the human body. In the open space or also in cars the incoming solar radiation must be considered
already at lower room temperatures because the incoming radiation must be bilanced by additional
evaporation.
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Because the parameters of the heat convection are very stable because of the constant body
temperature and a fixed clothing the control mechanism of the temperature by changing the heat
losses can only be done in the latent heat ratio. The rise of the temperature of the body surface can
only be shifted in very small limits and the room air temperature and the air-velocity can not be
ajusted individually. A change in the radiation is also not possible at a fixed wall temperature and
given room configuration. This shows clearly that whole control must be done by variable
evaporation.

Out of this considerations we see that the only possible ajustment of different activity levels for the
occupants in a room can only be done by variation of the evaporating water. This means that a
fairly low relativ humidity is necessary that the different bodies can find their own thermal comfort.

2. Humidity and comfort

The first investigations about the influence of the humidity of thermal comfort have been carried
out by Samuel Lewis (3). His diagram is shown in figure 3.

As a result of the work by Lewis a diagram of humidity vs. temperature was established. Figure 4
shows the comfort zone which was used in the sixties and seventies.

The investigations of O. Fanger (5) about the thermal comfort in office buildings shows a much
smaller influence of the humidity. The reason of this results is the very small change of activity
level, a very simular clothing and a fairly stable air temperature. As shown in figure 1 and 2 the
activity level is of great influence. It is not possible, therefore, to use the values for office buildings
in a much broader scale. In figure 5 the optimal conditions as shown in figure 3 are compared with
the comfort zone of DIN 1946 part 2. This results can also be shown by experiment where we
found that all test persons believe 26°C, 40% as definetly cooler than 24°C, 60%. This shows that
the influence of temperature can not be discussed without humidity.

3. Calculation of cooling load
The correct equation for this calculation is
O=p1p-(har-hzL) M

By using the enthalpy h the humidity is automatically included. Very often the equations only use
the temperature differences which is not correct.
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Another very important mistake is done by using the exhaust air temperature as mean room
temperature. An optimal design of an air conditioning plant use a higher exhaust temperature. (See
figure 6) A ratio of enthalpie differences shows the effectivness of an air conditioning plant (2).

hAB—haz
=NAB~ 4L . 2)
?  h4p—hzU

This ratio is as higher as more heat is going to the air flow after leaving the direct environment of
the occupants. Out of this consideration it is clear that the calculation of the cooling load must also
consider the design of the air flow.

4. Calculation of the refrigeration capacity

The cooling load is not enough to discribe the refrigeration capacity because it is also necessary to
consider the air changes. The air change rate cause especially in summertime a different
dehumidification load which effects the refrigeration capacity. The minimum air changes are
influenced strongly by the material which is used in the interial design. This can be shown in figure
7 (7). This example shows how great the influence of the material can be to the total energy
consumption offer building. This influence is somewhat higher than the influence of the insulation.

In summer everybody is speaking about cooling in air conditioning plants when he is going to
degreese the air temperature. For the dehumidification we have to calculate in central europe an
enthalpie difference of about 25 kJ/kg dry air. It is very important to see that the highest enthalpie
is not in the area of the highest temperature. Figure 8 shows the areas where temperature degreese
is important (zone A) and where the dehumidification is necessary (zone B). In this figure 8 the
area 1 shows 90% of all outdoor air conditions in Germany and area 2 shows 99% of the outdoor
air conditions. The refrigeration capacity is therefore influence by the outdoor air humidity more
evidently than by the outdoor air temperature.

5. Conclusion
This paper shows the great influence of the humidity on comfort, cooling load and refrigeration
capacity. A lot of knowledge is available since a long time. Very often simple calculation methods

do not use this knowledge. The computer programs of nowadays allow the consideration of
humidity without any problems.
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