Introduction

In small cities on periphery of deserts whose hisab textures are nc
yet lost among the new parts of city , one is oftenfronted with
tremendous cone-like structures called Yakia- (the ice-house),
resembling mountains rising above the level surfacéhe desert
The existence of icheuse as a response to the need for ice in
cities (where temperature can rise up to d&grees Celsius
summer) is a sign of climate confotgniof historical cities to the he
and arid climate .these cities have succeeded inguthe grea
temperature fluctuation round the clock and thraughthe year as
source of energy. in residential buildingsaterials with high hear
transmission dejatime have been utilized. Nighttime coolness isd
during the day and day time heath at night.

Thus, prior to analyzing Yakbhals, and because of their clime
behavior, “thermal mass” and “earsheltered structures” will k
shortly introduced. Thefere following article will contain three ma
topics: Thermal mass, Eariireltered structures and Yi-chals.

Thermal mass
Thermal capacity is the ability of a material ta@rst hea and is

roughly proportional to a material's mass or weight. A large
quantity of dense material will holthrge quanty of heat. Light,
fluffy materials and smalpieces of material can hold small quanti
of heat.Thermal capacity is measured as the amount ofrieeairec
to raise the temperature of a unit (by votura weight) of the
material one degree. Water has a higtiermal capacity than ar
other common material at ordinagjr temperatures. Consequen
the heat from the surtained by a large body of water during the
will only gradually be lost tahe air during the cool night. This is
why, once a lake or ocean warms upyiit stay werm even after the
air cools off [1].

Thermal mass is the ability of a material to absogat energy fo
extended periods. has slow change in temperature durwarm-up
or cool-down periods. It stores andresliates heat thus; acts as a
thermal battery.

Thermal mass is effective in improving building domhin any place
that experiences daily temperature swingg®th in winter as well a
in summer (Fig. 1 and Tab.1).

In winter, thermal mass absorleat during th day from direct
sunlight or from radiant heaters. It will radiate this warmth bac
into the home throughout the night.

During summercool night breezes and/or convec currents pass
over the thermal mass, dvimg out all the stored energDuring the
day protect thermal mass from excess sunsuoerwith shading an
insulation if required [2] (Fig. 2)

Thermal mass is particularly beneficial where thera big differenc
between day and night outdoor temperatuddsavy mud or ston
buildings with high thermal mass work well in hog¢sert climate
with extreme changes temperature from day to nig

Passive TEgThermal Energy Storage] systems utiliprecooling
strategies of the buildinthermal mass during nighttime to shift ¢
reducepeak cooling loads. Simulation analyses of val precooling
strategies have shown that energy cost sawrigi0% to 50% and
peak demand reductions of 10% to 35% possible by utilizing i
preconditioniy control strategy. Experimental studies have
shown comparablkevels of cost savings and peak demand reduc
Control optimization geared toward specific outcomes camegaly
increase cost savings or peak demand reducdion [

To be effective, thermal masnust be integrated with soupassive
design techniques. This means having appro| areas of glazing
facing appropate directions with appropriatlevels of shading,
insulation and thermal mass.
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Types of thermal mass
There are two types of thermal me

Traditional
Phase change materials (PC
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Traditional thermal mass includes common matersalsh as brick
concrete, stone, adobe and eaNteanwhile, PCMs act differently;
heat is absorbed or released when the material elsafingm solid tc
liquid and vice versaThis type of thermal mass, Store and rele
large amounts of energy. As can be seen in chiotb®CN's heat



capacity is more than 4 timdsgger than water that is estimated
material with highest amount of heat capacity amaraglitional
materials (Fig. 3).
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Fig. 3 Heat capacity in traditional materials and PCMs
[12].

One development of this technology uses thousarfdglastic
capsules filled with a wax that absorbs and releasergy by

melting and solidifying within the temperature ren@f humar
comfort. This increases the effectitteermal capacity of the matel
which contains the capsules and dampens temperfiticteations,
acting like thermal mass. At least one company rfzatures building
products that integrate phaskange microcapsules into th
structure, including plasterboard and aerated etedi*AC) blocks.
Gypsum plasters, paints and floor screeds havpdtential to contail
phase change materials and many such applicationdilely to
appear on the market over the next few years atetthmology offer:
the prospect of lightweight buildingghat can behave wi
characteristics associated with ‘traditional’ thatmmass — for
instance, the thermal capacity of ani thick plaster layer witl30
per cent microcapsule content is claimiede equivalent to that of
six-inch thick brick wall [2].

Yakh-chals are mostly made of adobe or bribtkis; performance ¢
brick is analyzed here for instance (Fig.4-6):

On a hot day, brickwork can slow the passage dof fnem the outside
for up to eight hours bgtoring it in its mass. Befoithe heat reaches
the interior, the peak of the day has passedoptitside cooled and tt
stored heat starts to flow back out (h#laws from hot to cold). Ir
winter, internal mass absorbs, stowesd slowly releasesny heat
generated internally or gained through the da.[
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Reflected heat

0ore able to moderatt
t walls [13].

Three basic properties are required for a goodrtakemass

1- Density (p),
2- Specific heat (g),
3- Conductivity (k).

Water has the highest amount of sfic heat among common
materials. however, idensity is much lower than hea

materials such as stone and conc These properties can be
compared between a range of materials as can hars(tab. [2]).

Insulating materials have low therr capacity since they are not
designed to hold heat; thpyevent heat from passithrough them by
incorporatindots of air spaces between their thin fit [1].
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the
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Rammed Earth

Compressed Earth
Blocks

Density
(Kg/m3)

1000
2240
500

1700
2000
1700
1550
2000

2080

Specific heat Volumetric heat capacity The four
types of

(kd/kg.K) Thermal mass (kJ/m3.K) massive
walls

4.186 41886 above
approxim

0.920 2080 ate most
of the

1100 550 currently
used

0.920 1360 .

multilaye

0.900 1800 r massive
wall

0.900 1530 configura
tions. For

0.837 1300 example,
the first

0.837 1873 two wall
configura

0.837 1740 tions may
represent

any

masonry

be within the insulated part of the building. * building’s envelope
will store heat if it has a large amount of m@&g. 7). This will delay
the transmission of he&t the interior, resulting in a thermal lag tl
can lastfor several hours or even for days; the greatemthss the
longer the delay. Where thermal mass is used inapiately
excessively high temperatures or coolingds may result on suni
days, or insufficient storagmay occur overnigt Low thermal mass
is a better choice when the outside temperaturairesrconsistentl
above or below the comfort temperatutdeavy mud or ston
buildings with high themal mass work well in hot desert clima
with extreme changes in temperature from day tat.
In a cold climate, a building that is occupied « occasionally (like a
ski lodge) should have low thermaapacity and high therm
resistance. This will help thieuilding to warm up quickly and co
quickly after occupancy, with no stored heat wasted on an e

interior.

Fig. 7. High thermal mass workswell in hot desert climate:

[14].

Massive walls
Four basic material configurations are consideog massive walls:

=  Exterior thermal insulation, interior mass (Intm)
=  Exterior mass, interior thermal insulation (Extn)

= Exterior mass, core thermal insulation, interiorsgjaan
(CIC)
= Exterior thermal insulation, core mass, interioertha
insulation (ICI).

block wall insulated with rigid foam sheathing. The lawall
configuration mayrepresent Insulated Concrete Forms (ICF) w
Therefore, resultpresented in this work can be used for approxir
energycalculations of most massive wall syst [4].

*

Fig 8.
Plan and Section of a Yakh€hal, Meibod, Iran — Ground
Floor plan: massive wall [11]

Earth-Sheltered Structure

The high thermal capacity of soil ensures that tmas walls and
walls banked with earth stay fai constant in temperature, usually
around 13°C to 15°C (mififties in degrees Fahrenheit) y-round.
Earthbound walls are not exposed to extreme air tempess in cold
weather [1].

The largethermal inertia of the soil cover causes temperature in
the surrounding soil to be higher/lov than the outdoor air
temperature duringwinter/summer. This way, the tempera
differences between the interior and exterio

reduced, which means that the heat transmiss lower compared to
conventional above-grourttbuses. The application of soil cover tl
potentiallycuts the required heating and cooling Ic [3].

For a better understanding the performance of e-sheltered
structures, here, we show a resent researchMaja and Henryk [5].
The authors have undertaken the analysithe influence of soil
cover thickness, thermal insulat thickness, glazing area of exposed
elevations andype of soil on heating and cooling loads of e-
sheltered buildingsvith one or two elevatiol exposed. The results
were then compared to the pestive above ground buildir as
shown in Fig.8.

Heat losses/gail



above-ground soil cover=0,5m soil cover=1,5m soil cover=2,5m

Fig. 9. The analyzed schemes of earth-sheltered aatiove-
ground buildings [5].

Conditions and hypothesis of this research is asshelow:
= Simulations were focused on the influence of soWer and the

thermal insulation of building envelope thickness a)
= Efirth-sheltered building, with one (southern) eﬂ.mexp(.)sed Annual Values
= Simulations were done for “Poznan, Poland” clin@iaditions2
» F|Oor area: 12x12 m (144% g above-ground soil cover=0,5m soil cover=1,5m soil cover=2,5m
= Glazed with 60 % of wall area. §
= Both buildings have a concrete construction A
* Climate conditions (Tab: 3). =
T
Tab. 3. Climate conditions of the example researdb].
Latitude (N): 52°25°
Longitude (E): 16°49° ’20
Maximum air temperature: +35,6°C E :22 b)
Annual air temperature: +9,8°C E” Heating Season
Minimum air temperature: -16,0°C § 9
Annual d%leCt_Sun 1ad1at19n: 1 865 [Wh/m7] E above-ground soil cover=0,5m soil cover=1,5m soil cover=2,5m
Annual diffusive sun radiation: 1 679 [Wh/m~] =
Annual total sun radiation: 2 692 [Wh/m?] %
Annual air humidity: 78 %
Annual wind speed: 3,3 [m/s] .
Annual clouds cover: 0,61 [-] . 1§
12
. . -14
Simulation results 16
Figure 10 shows heat losses/gains from analyzeti-sheltered and -8
above-ground buildings for annual values and séplgréor heating ;2

and cooling seasons. Because of linear dependemtdasses to the .

ground from buildings, they are presented for 0,3/ m and 2.5 m C) Cooling Season

of soil cover thicknes_s. Results are presented fom510 cm and _20 B thermal insulation 5 cm

cm of thermal insulation. Analyzing annual valuéseat losses/gains thermal insulation 10 em

of earth-sheltered and above-ground buildings iy im& noticed that @ thermal insulation 20 cm

the differences between them are not significantle&r difference is . : et
seen when analyzing values separately for heatidgcaoling season Flgd. 1b0' Heat IOSSbeS_{g_alns f5rom analyzed earth-s d
(Fig. 10 and Tab. 4). It is caused by the fact thedt losses from and above-ground buildings [S].

earth-sheltered buildings are smaller than fromvagmund ones but . ) o
only during winter (heating season) [5]. During cooling season, heat losses from earth-afegltbuildings are

During heating season, heat losses from eartheskdltouildings are about 20-35% greater than from above-ground bgkliwhile, heat
about 14%, 8% and 5% smaller for: 5cm, 10cm andr26tthermal  9ains are nearly 80% lower. In the summertime daxh of thermal
insulation thicknesses respectively. Increasing sover thickness Insulation lowers the heat losses by about 20%edrth-sheltered
over 0,5m decreases heat losses about 20-25%,%0ah8l 5% for houses, If heat losses are 100 % then heat gansnéy 5 %, Which
5cm, 10cm and 20cm of thermal insulation compatmduildings is why earth sheltered buildin.gs need lessling energy. As it vinI be
with 0.5m of thermal insulation. In above-groundubes heat gains €XPlained, Yakh-chals use this property to prevezs from melting.
are 3% of heat losses, while, in earth-shelterasém heat gains are When analyzing the monthly values (Fig. 11) it dennoticed that
up to about 15% of heat losses. Heat gains duréragifiy season are earth-sh.eltered buildings require Ipnger heatlr]grlode thap
about 40% higher in earth-sheltered houses thahdweground ones. conventional above-ground ones, while total heatoays are still
In above-ground buildings the thickness of therimsiilation does not Smaller. This is due to the lower temperature efshil surrounding
have a significant influence on heat gains. Howeuerthe earth- €arth-sheltered houses. The cooling period is yéael same [5].
sheltered houses heat gains are greater with Biogeathermal

insulation thickness. Each 5 cm of thermal insafatincreases heat

gains about 40%.



Tab. 4. Earth-sheltered house performance in Coolmand

Heating Seasons.

Summer(Cooling Season)

The temperature of soil i
higher that of external ai

<

Heat losses from earth
sheltered buildings are
smaller than from
aboveground ones

<

Causes lower heating
loads for earth-sheltered
buildings.

Winter (Heating Season) a-1)
5cm
The temperature of soil is of
lower that of external air ther
which naturally cools down 8 mal
building insul
Q Tation
o
Heat losses from earth- y :
sheltered buildings are highe rg’]eat'
eng
Q Wenerg
Earth-sheltered buildings | Y:
require less cooling energy
than above-ground ones.
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Fig. 11. Monthly values of heating and cooling loaxlof
earth-sheltered and above-ground buildings, with 510 and
20 cm of thermal insulation [5].
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It can be easily noticed that the heating and agoionsumption ¢
analyzed earth-sheltered buildings definitively smaller that o
aboveground ones. The difference between them gets emaith
the increase of the thermal insulation thickn@sg. 11).
Because the interpretation of the results preseim monthly values
would be very complicated, annuadlues are discuss;

a) Heating energy:

14 |
12 +

24%144%

5cm 10 cm 20 cm 30cm
b) Cooling energy:
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800 + 20% 15%
% 600 | 36% ‘
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@ above-ground ] soil cover=0,5m
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Fig. 12. Annual reating and cooling energy loadof earth-
sheltered and above-ground buildingswith 5, 10 and 20 cm
of thermal insulation.

The earthsheltered buildings with exposed southern elevatiamich

are covered with a soil cover of 0.B have heating energ

consumption reduced by about 25 @mpared to therespective
thicknesses of above-ground buildingsach next0.5 m soil cover
thickness reduces heating loads about:

- 8 % for 5 cm of thermal insulation,

-7 % for 10 cm of thermal insulation,

-5 % for 20 cm of thermal insulation,

- 4 % for 30 cm of thermal insulation.

The earthsheltered buildings with southern elevation exposddch

are covered with a soil cover of 0.5 have cooling enerc
consumption reduced by about:

- 52 % for 5 cm of thermal insulation,

- 36 % for 10 cm of thermal insulation,

- 20 % for 20 cm of thermal insulation,

- 15 % for 30 cm of thermal insulation.

During heating season (winterhet thicker soil cover and insulati
are both above-ground and eastieltered buildings natural
consuming less heating energy. With increasthermal insulation
thickness the influence of soil gets smaller, wiialises insignificar
differences between above-ground and esingtered buildings fc
large insulation thickness. Meanwhile,urthg cooling seaso
(summer), ér cooling loads, the soil cover thickness doeshante &
significant influence. Both kinds of buildings cons& more cooling
energy with increasing thermal insulation thicknédsus the thinne
the thermal insulation is the greater the coolingrgy svings are
compared to the abowgound ones. This is due to the fact 1

thermal insulation acts like a coat, and duringteritime protects
building from colder outside soil temperatures thuting summertim
does not allow the soil to naturally co« building down.

Yakh-chal Definition

Ice houses originally invented in Persia were bogd used to stor
ice throughout the year, prior to the inventioritod refrigerator. Th
most common designs involved underground chamberglly ma-
made, whichwere built close to natural sources of winter ioelsas
freshwater lakes.

During the winter, ice and snow would be taken thi®ice house ar
packed with insulation, often straw or sawdusivduld remain frozel
for many months, often until the folling winter, and could be used
as a source of ice during summer months. The npplication of the
ice was the storage of perishable foods, but iiccalso be use
simply to cool drinks, or allow i-cream and sorbet desserts to be
prepared.

Yakh-chal History

An inscription from 1700BC in northwest Iran records t
construction of an icehouse, "which never before &ay king built."
In China, archaeologists have found remains of iite foom the
seventh century BC, and references suggest they in use before
1100 BC.Alexander the Great aroui300 BC stored snow in pits for
that purpose. In Rome in the third century AD, sneas importec
from the mountains, stored in sti-covered pits, and sold from snow
shops. The ice formed in the bottom of pits sold at a higher price
than the snow on top.

Fig. 14. a)An ancient ice house, called a Yal-chal, built in
Kerman, Iran during the middle ages, for storing ice
during summers. b) Boboli Gardens, Florence: domec
icehouse (ghiacciaia) halsunk into a shaded slope.

Yakh-chal functions

1- Producing and Storing Ice: The main purposeYakh-chal was
keeping ice from winter to be used in sumn In cold season at night
which the temperature degree was descended thelyged ice an
stored it, in hot season when they needed ice elxgacted ice fron
thesaurus for iceream and fruit juice

2- As a Fruits Fresh-keepeSome Yakh-chal-owners poured
pomegranate s seeds into ice and in summer they frewh
pomegranate.

3- As an Urban Element: Yalthias are huge buildings , so they play

an iconic role for the cities, a role which theyaatill preserve:
L .B 1 ; -




Fig. 15. Ice-house and Caravan-sera in Safavie ped,
designed by Jules Lawrence

Ice Principle Producing

The principle governing the function of ice-house$o make use of
below-zero winter temperatures by constructing ta#lll casting
shadow on ground and thus preparing freezing ciamdiat night
especially when the sky is clear, the ground teatpee drops quickly
due to radiation. In points where the earth is eodle to having been
in shadow, the temperature drops more quickly aeathes zero
point.

Ice Principle Producing
In order to produce ice, shallow basins were coottd. Since water
density is highest at 4 degree Celsius and dropgeabo below that

point, so only a thin layer on the surface of tlasib freezes and a

comparatively warmer layer of water acts as a thétarrier between
that layer and much of 4-degree water sinking toesthis they used
shovels to pour water on the thin frozen water niakieicker, so the
act was continued until dawn.

Frozen Water

Upper Than 4-degree
Water Act As Insulator

Lower Than 4-Degree
‘Water

Water Basin

— e i

> Freezing Water Gradually

Ice-house components

1-Water basin: ice was produced here the needectrwabs

determined from brooks near water sources like tgapand or river

2- Ice transfer closure :They moved ice from basirough this

windowto store it 3-tall wall:The height of this lvavas at last 12
meter , usually it was stretched from east to \westenting south sun
light and two shorter wall was beside main wallsthéwo wall had 2
role first to thwart west and east sun light ané th second as
structural role because the height of main wall veestall so there
was danger of collapse. 4-Yakh-chal Dome: To preveot air

penetrate, and push warm air out 5-Yakh-chal Sforece storage, a
large container with 6 meters of depth was requifsla result of
earth’s seasonal heath delay effect the depth wheildl contribute to
keeping temperature low. (the earth doesn't playrtie of a thermal
barrier only) the standard dimensions of ice ha@s&4 width and 6
meters of depth) are among its inseparable idigagnes. 6-Yakh-
chal stair:There are two kind of Yakh-chal staiestraight an the
other spiral around the store. 7-Yakh-chal sewdgeere is a small
hole at the bottom of the store which its workdsvacate the melted
ice.

a) Yakh-chal Basin

N

c) Tall Wall d) Yakh-chal Dome

e) Yakh-chal Store f) Yakh-chal Stair

e) Yakh-chal Sewag

Ice-houseTemperature:

To prevent the solar heath from entering the iceskoa substantial
dome is required. On top of the dome a large haelavlet the warm
air out. Allow the cool air to penetrate the steragea from below.
Such shape is the ideal from for an ice-house.

Temperature during the Day

1) The high walls throw a shadow on the pond. I®o¢darth of the
bottom of the pond does not absorb much heat.2Xd @adl fresh air
goes down. So warm air goes up and exit from a biolthe top of the
dome. 3) “Large thickness of container's dome’sifig masonry
(with low coefficient of heat transfer) “, and” iexternal thatched
coverage “have the role of thermal insulation tevent thermal
conductivity.4) As a result of “Earth’s Seasonalat®elay Effect”,

the container keeps it's winter's condition dutiog seasons.

Temperature during the Night

1- Water in the pond loses heat.2- Cold air goesndthe ice-house
and covers the upper layer of the stored ice.3akcstse connect the
door of the ice-house to the lower level of itstore the ice pieces in
a deeper level of the earth.

Yakh-chal Types

There are 3 common kinds of Yakh-chals in Iran

1-Domical Yakh-chal:These kind of Yakh-chal havergs on storage
part, they are more usual in periphery of centraiKand districts on
west north of Iran. 2-Underground Yakh-chal :Aresttype of Yakh-

chal was common in central-north districts of Irike Tehran,

Zanjan, Saveh and ... its function was like domicakN-chals but its
body-shape is different the main part of it was enydound.3-



Vaultless Yakh-chal: The third type of Yakh-chalieth is without
vault was current in Isfahan and like other Yaklaistwas used since
40-50 years ago this Yakh-chal has tall-wall wits 4neters height
and 12 meters length . In north side of wall thees a pool with 5-6
meters deep and 12 meters length and width.

Domical Yakh-chal:

¥
Ice basin

Ice storage

/
e | Ice storage “

Underground Yakhchal Plan Underground Yakhchal Section

Vault-less Yakh-chal:

CONCLUSION

The great Iranian tradition is as yet little knoimrthe West and there
is much to be learnt both from it and the buildieghniques which
are integral with it. It is the fate of vernacularildings throughout the
world to be neglected until they are nearly extifi¢tte Folk Museum
and the Museum of Buildings are relatively new id@asEurope,

where they are thought of primarily in terms of servation and
education in history and the arts. In Iran theilugacould be even
greater since these functions could be combinett #hibse of an
institute of intermediate technology. Not only i tbuilding tradition

itself still alive, but there is much to be gairfesin a knowledge of a
highly developed technology which makes such ingemiuse of
natural resources without the consumption of adiditi power. The
Persian ice-house with its great shade wall coaldill be described
as small, but the technology it represents is eytdeautiful in its

simplicity. However, unless positive action is takemnost Iranian

cultural heritage buildings will have crumbled.
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