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PASSIVE COOLING POTENTIAL OF EARTH WALLS
- working hypothesis

[ntroduction
Thereisausud proverb in Hungary:

"The earthhouses are cool in summer and warm in winter"

As a PhD-gtudent of the Technical University of Budapest, Department of Building
Congtruction, | am working on my thesisin the topic "The possibilities of optimum use of the
earthhouses in Hungary" since September 1995.

The above mentioned wisdom, after the beginning of my research, seemed quite
surprising, because the U-value of the traditiond earthwal, with a dengity of 1800 kg/m3, is
about 1.3 W/m2K, which is unfourable vaue, regarding the up-to-date heat trangmittion
requirement.

To prove the adobe mentioned wisdom | found the following statementsin the past
three years:

1, "Thefirewood demand of my claystrawhouse' s heating is less asin my previous
brickhouse, in spite of the fact that the U-value of claystraw is higher asthe brick”
Baazs Nagy, Architect, 1995, Poméz.

2, Comparison the ingde and outside air temperature in two testbuilding, build from
adobe and from concrete. Figure 1.
Hassan Faty, Architect, 1986, Egypt.
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Figure 1.
Comparison theindgde and outsde air temperature in two testbuilding,



build from adobe (left) and from concrete (right). [4]
3, "The reason, that | work, since decades, with the earth as a building materid is that

the earth provide better ingde air humidity as the other, common building materids.”
Prof. Gernot Minke, Kassdl (videofilm: Der wiederentdeckte Erdbaustoff)

Hypothesis
After the above mentioned statements | devised the following working hypothesis:
" The earthwalls, because of it's special heat
storage capacity, in the summer period have more
less dynamination of the indoor temperature range

as the other usual wall constructions."

Theoretical support

The hesat transmisson from outsde to insde, because of the dynamic change of the
ar temperature is negligible. According to my working hypothesis, the passive cooling
potentid, the heat storage capacity of the building congtructions are the function of it's heet
absorption and moisture absorption capacity. Figure 2.
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Figure2.

Working hypothesis - sensble and latent heat storage capacity.

According to this hypothes's, the heet storage capacity is caculable using this form:

(1) Q= (Mmaterial * Cmaterial™ Mmoisture content * Cwater) * Dt + Mygigture absor.
R
(KWs)

Definition of the lettering in the formula (1)

(2 Mmaterial = (1 m2) * X effective active layer thickness * T material (K0)



(3) Cmaterial = gpecific heat of the materid (kWskgK)

(4 Mmoisture content = Mmateria * M % (k)

5 Cuater = gpecific heat of water (KWgkgK)

The product of theorem (4) and (5) can be important because of the huge specific

hest of water.

(6) Dt = indde air temperature variaion (°C)

(7)  Mpyoistureabsor. = the mass of water which is absorbable and evaporable
from the materid in a determined materid moisture
content and air moisture content (g)

B8 R = the latent heat of water (g/m2)

Definition of the lettering in the formula (2)

(9 X effectiveactive layer thickness = thelower vauefrom x; or X (m)
(10) 1 aterial = dengity of materia (kg/md)

Definition of the lettering in the formula (9)

(1) x4 =U* | qmateria CAlculable usng the usua counting method of
bibliography number [1] (m)
(12) x, = usud effective congtruction thickness (m)

Definition of the lettering in the formula (11)

(13) u = empirica formula, which vaue depends on period of examined
heat storage capacity (Km2/W)
(14) 1 naterial = thermd conductivity of meterid

The earthwalls have different special characters from the usual
constructions

1. In connection with the formula (3) we have to emphasize, that the specific heat
vaue of earth (adobe) wals are higher as the usud slicate wal congructions because
of the fibrous materia content of adobe. Figure 3.
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Figure 3.

Fibrous materia content of earth (adobe) walls. [5]

In connection with the formula (7) we have to emphasize, that the absorption
capacity of earthwallsis sgnificant better as the usud (brick or concrete)
condructions. Figure 4.

In the following caculation, because of the lack of deta, | will usethe

approximation that the absorption-time diagrams can use as evaporation-time
diagram.



Sorbtion curve of aningdewadl in the thickness of 11.5 cm, when the ar-humidity increased
from 50% to 80%in 21 °C. [4]

Figu

of the latent heat of water. Figure 5.

During the absorption and evaporation of water
thereis ahuge interchange of energy. [2]

Verification of the working hypothesis with calculations

red.

In connection with the formula (8) there is alarge heat storage capacity because
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Figureb.

The thermal load and the heat storage capacity are quite difficult to caculate,
because of the continuous change of ingde and outside air temperature and humidity, is

In the following I will examine the calculabletemper ature variation of a
concrete, brick and different earth walls, with the usual thickness, comparing
againgt the data of a brickbuilding, measured in the TUB Department of Building
Energetics in the framework of PASCOOL PROGRAM.

The therma |oad and possible heat storage capacity of congtructionsis worth to

analyse in two period. Figure 6.

a,
b,

possible heat storage capacity in a one-day period
possible heat storage capacity in afive-days period
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Insde and outside air temperature diagram of a brickbuilding in Diégend, measured in the

framework of PASCOOL PROGRAM. [7]

Calculable temperature variation, according to my working hypothesis -

one day period

Possible stored hest - thermal load - using the usud counting method [1]

(U/a) Q=Mmaterial * Cmaterial * Dt = 86.6 kWs

From my point of view thistotdity conss of 4 parts

(i) Q1 = Mmaterial * Cmaterial * Dt
(i) Q2 =Myggregate * Caggregate * Dt
(i) Q3= Mmoisturecontent * Cwater * Dt
(v) Q4= Mmoigureabsor. * R
Concrete Brick Adobe Claystrow Claystrov
(2400 kg/m3) | (80O kg/m3) | (1800 kg/m3) | (1400 kg/m3) | (700 kg/me
(iv) | Evaporative
cooling effect 6,13 5,23 36,75 28,88 28,88
(kWs)
(15) |Evaporative
cooling effect 7,07 6,06 42,44 33,35 33,35
Q4/Q (%)
(16) | (Q1+Q,) /Dt 302,4 43,3 245,7 136,29 27,56
(KWS/K)
(17) | Q3/ Dt 17,28 0,73 21,62 8,92 1,59




(KW9g/K)
(18) | Calculated
temperature
o ation 0,25 1,84 0,19 0,4 1,94
(Va) - (iv)) /
((16) + (17))
49
Table 1.
The calculated vaues of "Evaporative cooling effect” and "Temperature variation”,
in one day period
Calculable héingadozas, according to my working hypothesis - five days
period
Possible stored heat - thermd load - using the usua counting method [1]
) Q= Mmaterial * Cmaterial * Dt = 1203,84 kWS
From my point of view thistotality congst of 4 parts
() Q1=Mmaterial * Cmaterial * Dt
(i) Q2 =Myggregate * Caggregate ™ Dt
(i) Q3= Mmoisturecontent * Cwater * Dt
(v) Q4 =Mmoistureabsor. “ R
Concrete Brick Adobe Claystrow Claystrov
(2400 kg/m3) | (800 kg/m3) | (1800 kg/m3) | (1400 kg/m3) | (700 kg/m<
(iv) |Evaporative
cooling effect 8,75 7,00 87,50 66,50 63,88
(kWs)
(19) | Evaporative
cooling effect 0,73 0,58 7,27 5,52 5,31
Q4/Q (%)
(20) |(Q1+Q,) /Dt 302,4 267,52 900,00 770,00 262,50
(KWg/K)
(21) | Q3/ Dt 17,28 4,50 79,20 50,40 15,12
(KW/K)
(22) |Calculated
temperature
o ation 4,74 4,40 1,14 1,38 4,08
((Ub) - (iv)) /




((20) + (21))

W)
Table?2.
The calculated vaues of "Evaporative cooling effect” and "Temperature variation”,
in five days period
Inference
1. The passve cooling potentid of earthwalls is higher as the usua build brick and
concrete congtructions.

2. Probably in the heat storage capacity of earthwalls, especialy in one day period,

thereisaggnificant role of latent heat storage capacity.

3. My caculated results must have modified according to the heet storage capacity of
floor covering, the effective absorbable humidity, the covering of the wall congtruction
and the use of the house.

4, The caculated results must be proved with different measuring
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