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ABSTRACT Thick insulation in buildings offers great potential not only for 
decreasing cooling load but also for changing its calculation method, and for changing 
system design, operation or control of the system and the thermal environment of the 
room. The research results of room air temperature changes in well-insulated 
buildings, show the effects of the daily swing of outdoor temperature and solar 
radiation are quite small. A simple calculation method for cooling load based on 
steady state theories is available for such buildings. Cooling loads can also be 
minimized by using the thennal mass and small swings of room air temperature. 

As the cooling load decreases, floor cooling becomes an effective system with no 
risk of vapor condensation. It is also effective to remove a portion of the radiant heat 
gain on the floor from lighting and from stm coming through the windows before it tum 
to the cooling load of a room. A water system is very suitable for continuous 
cooling and thus the roles of the air circulation system are simplified to supply fresh 
air and to control humidity. A simple air conditioning system without recirculation 
of air can also be realized by decreasing the cooling load. 

1. INTRODUCTION 

The use of computers for cooling load calculation is becoming popular and is excellent 
for analyzing transient conditions. However an intuitive understanding that connects 
the causes and results becomes less certain than with steady state calculations. 

Calculating the peak load for a day is an extremely delicate matter. It is much 
easier and more reliable to determine a daily mean load from the total heat balance of a 
day by steady state calculation. The authors noticed that the daily temperature change 
in a building with thick insulation is generally small enough to allow it. 

That means the steady state theory can be used for cooling load calculation by 
allowing this small change of air temperature. The purpose of this report is to show 
the thermal characteristics of buildings having thick insulation, to find a good use of 
theme in the design of cooling systems and to propose a simplified calculation method 
of cooling load. 
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2. The effects of thick insulation on heat transmission through external walls 
and the roof 

Heat flow from a west-facing wall and a horizontal roof exposed to the sun and to 
outdoor air (average temp is assumed to be the same as indoor temp.) is sho•vn in 
Figures 1, 2. A solar radiation absorption factor of 0.8 is assumed. The h~t inflow 

from the 1 m• of the uninsulated concrete west-facing wall and the wall with 25mm 
and 1 OOmm of insulation is sho'vn in Figure l . The maximum heat flow rate appears 
for the uninsulated concrete wall with a time lag of two hours. V..'hen 25mm of 
insulation is added, the amplitude decreases rapidly and the time lag becomes 4 hours. 

v..'hen the thickness of insulation on the concrete wall exceeds 1 OOmm, the time lag 
of heat flow exceeds 10 hours and the amplitude itself becomes negligible. That 
means the transient heat flow calculation unnecessary for such thickly insulated walls. 
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Fig . I Inflow of heat through the west-facing wall Fig .2 Inflow of heat through the horizontal roof 

3. Solar radiation through the window and cooling load 

Solar radiation through windows, radiation from illumination and from human bodies 
are the dominant sources of heat gain in a room. However, radiant heat gain does not 
become cooling load directly. As shown in Figure 3, the radiant heat is absorbed at 
the surface of surrounding walls, raises the walls temperature and then becomes 
cooling load. Figure 3 shows the heat flows from a floor slab when solar radiation 
through west-facing window is absorbed by the floor. Absorbed heat in a floor is 
held Wltil the Following day. The heat flow rate for the upward and downward 
directions are different, according to the finishing material of the floor. Heat gain can 
be described as the sum of the mean value and the peak value, as seen in Figure 3. 

Actual peak load Q' becomes smaller than the peak ofradiant heat gain Q. 
A change of the heat to the next room becomes much smoother and the time lag ' 

becomes larger. . 
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Jn the case of a concrete floor having wood flooring with an air space, heat trapped 
:in the concrete floor becomes smaller and the effect of reducing the peak load also 
becomes smaller. 
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Fig .3 Radiant heat absorbed by the floor, and cooling load 

4. The elimination of radiant heat gain before it becomes the cooling load of a 
room 

By using cooling water in the floor slab, it is possible to remove a part of radiant heat 
incident on the floor before it becomes the cooling load of the room . Figures 4~5 
show the result of a calculation to demonstrate what amount of absorbed heat is 
removed with cooling water when the water temperature in the pipe is kept the same 
as the air temperature in the room. The ratios of heat eliminated by cooling water 
and absorbed radiant heat on the bare concrete floor and the flooring floor are 62% 
and 11 %, respectively, and most of the heat to the next room is disappeared. These 
ratios also can be applied to other radiant heat gains in a room, such as those from 
human bodies, illumination and equipment of high temperatures. Cooling with a floor 
slab which receives radiant heat from the upper part is effective for the reduction of 
radiant heat gain, but the influence of furniture, which casts shadows on the floor, 
should be considered. 
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Fig .4 Inflow and outflow heat on the naked concrete floor 
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Fig . 5 Inflow and outflow heat on the flooring floor 
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5. The effect of heat capacity to make the cooling load uniform 

Heat capacity, which moderate the fluctuation of room air temperature, does not mean 
the physical amount of thennal mass of a building. 

The effect of thennal mass of building elements such as floors, walls, partitions, 
posts and beams becomes more and more dominant according to the reduction of heat 
gain in the room. Double or triple glazing or shading of windows are also very 
important for the effective use of thennal mass. 

Figure . 6 shows the calculated heat flow on the surface of the walls when the room 

air temperature changes periodically with the amplitude of± 1°C. 
Conditions of calculation are: room air temperature become maximum at 12 hr. , 

the temperature change of the next room is assumed seam, and the heat transfer 
coefficient= 8.0 Kcal/m2h °C . This heat flow means the heat capacity of surrounding 
walls which compensate the daily fluctuation of heat gain with periodical change of 
room air temperature. The peak of heat flow appears I - 5 hours before that of air 
temperature. This means the room air temperature will change I~ 5 hours later, 
according to the change of heat gain. 

The heat flow on the concrete wall without finishing is largest and it decreases with 
its finishing or air spaces behind it . Figure. 7 shows the same heat flow at the i1mer 
surface of the exterior walls when the room air temperature changes periodically and 
the outdoor temperature kept at 0 °C. 
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Fig .6 Heat flow at the surface of partition walls Fig . 7 Heat flow at the surface of external walls 

Figure. 8 shows the case of glass windows. Although they seem to absorb a large 
amount of heat, it is not stored heat but a transmitted heat. Therefore it is not 
effective to compensate the varying heat gain of the window itself. 

Figure . 9 shows the total amount of heat flow of the surrounding walls of the. 
modeled room shown in Figure. I 0. Typical combinations of finishings (har~ 
moderate and soft) are used here. 
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. Calculation method of cooling load allowing slight changes of room air 
temperature 

Steady state calculations are usually used with regard to heating, because of the large 
differences between indoor and outdoor temperatures. On the other hand, some 
kinds of un-steady state calculations have been used for cooling because of the effects 
of variable solar radiation and air temperature on the outside. However, when 
thickness of insulation exceeds 100 mm, variable component of heat flow becomes 
smaller than its steady heat flow. Moreover the time lag of heat flow becomes larger 
than 10 hr. Thus, the inflow of heat from thickly insulated walls may have the effect 
of reducing the peak cooling load of a room. Intennittent cooling is also a problem to 
make a cooling load calculation more complicated. However, if we change it to 
continuous cooling, average cooling load of a day can be easily obtained from the total 
heat balance equation of a room using steady state theory, and cooling load can be 
minimized. As the variable heat gain through insulated walls is very small, if the 
heat gain from windows, illumination and other factors is not so large and I or the 
finishings of a room are not so soft, most fluctuations of heat gain can be absorbed by 
slight changes of room air temperature . 

6 

-4 

-6 

I 
+single glazing I 

, ... double glazing I 

*triple glazing I 
I +quadruple glo7.mgi 

0 2 4 6 8 10 12 14 16 18 20 22 24 
TI ME [hour J 

B. 000 

Fig .8 Heat flow at the external glass windows Fig 10 Modeled room 

1.5 

~ 10 
..... 0 
~ 
;; -10 

e 
uJ 

!5 

~ -0. 5 ~ 

- soft Finishing 
-- moderate Finishing 
- hardcFinishing 
... Tell¥lerature 

-20 

-30 
-1 

-40 .__,____ .......... _.....____.__..____.__..___.____.~_..___.__-'---' -1 5 
8 10 12 14 16 18 20 22 24 

T IM E [hour] 

Fig 9 Total heat flow rate of surrounding walls per floor area 

-0 

' m 
l> 

co 
co ..., 

7< 
c 
(/) 

~ 
::D 
0 

0 

(J1 



0 

7. An example of a building having thick insulation and a floor cooling system 

Figure 11-12 show the outline of an experimental building and the record of 
temperatures in summer [Floor area: 155m', construction: R.C ., heat loss factor: 1. 2 
kca I/ m' · h · °C, ventilation rate: 0. 3times/hr., thickness insulation: 150mm (wall), 300mm 
(root), window: Low-E pair glass] . 

Although there are many sources of variable heat gain, room air temperature is kept 
almost constant by the small and constant cooling load of floor cooling. 

w 
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Fig . I I Plan and floor air conditioning system chart of the experimental building 
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Fig .12 Record of outdoor and indoor temperatures of the experimental building 

8. conclusion 

- Outdoor temperature 
- Room t~. h=lOOnm 
.•.. Room t~. h=1200mi 
.... Room te-.i. h=3000nm 

Thennal characteristics of thickly insulated buildings and a calculation method of their 
cooling load are examined. In a building which bas thick insulation exceeding 
I OOnun, heat transmission through external walls can be calculated by a steady state 
equation. Radiant heat gain can be reduced by floor cooling before it becomes 
cooling load of the room. Reduction and delay of variable heat gain through external 
walls make it possible to absorb fluctuations of internal heat gain within an allowable 
swing of room air temperature. Using these characteristics and continuous cooling, 
cooling load calculation becomes very simple and cooling load can be minimized. 
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