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ABSTRACT

In this work, the influence of each of the extericr wall
canstruction, the surrounding buildings, the interior
structures, thz insulation and its location, the veutilalion
rate, the wind velocity and the emissivity of both extorior
and interior surfaces on the eairconditioning cooling and
heating load rates from sunlit extu%ior walla is

investigated.

A mathematical model for composite walls, taking Lheoe
factors into consideration is set and colved by an
unconditionally stable, semi=implicit {inite differvigne

method  whose accuracy and convergence are examined in the
present work.

Data compiled for a ten vyear period of climal:c
condltions aquired from the Egyptian Meteorological Author ity
are analyzed, and the design conditions of the dry bulh
temperature, the wind velocity and solar radiation inteneity
for Cairo are determined. Also, the surroundings temperacti: os
are calculated.

These data are used to obtain summer couling loeds d
cooling lcad temperature differences, and also winter ticating
loads and heating load temperature differvnces for Eyiore ol

walls and roofs of light, medium and heavy constructioe, with

and without insulation. The resulis obtained are comparid
with those obteined using cther recommended methods, od 3t
1s  observed that the former are almost 0% lowoer thion e
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latter. Cther parameters related to the case under stuldy are
alse calculated and compared to known design values.,

The resclits show that the periodic variatien of bollh Lhe
atmospheric air temperature and the <solar intensity in a
design day considerably affects +the temperature and the
temperature-time lag of the exterior walls and roois of
buildings. This periodic nature causes the heat abeorbed by
the outer surface of exterior slabs of buildings, due to heat
exchange with the surroundings imciuding solar radiatioun, Lo
be partly stored in the exterior slab itself and partly
conducted through the slab and transferred to the incito of
the eirconditioned space. The thermal storage by the exter ior
slabs and heat recovery from it by the air of the
airconditioned space described abhove decrease the ceoling
load and shift its peak to cccur at hours afier that of Lhe
maximum of the atmospheric air temperature and of the wolo
rad:ation intensity as well.

The results reveal also that the heat exchiange b luson
the exterior slab and each of the nearby structures, 1nte: ioav
wallis, floors and ceilings of the airconditioned space also
affects éhe heat gain rate and the hour of their maxima. 1%
is also observed that the increcsed wind velocity and the
indoor air movement have a significant effecl on the obiove

mentioned rates.

Also, the effect of thermal inaculalion, 1ta thickneas
and locetion cn  the rvate of heat intflow is studicdd. {he
calculations show that in summer airconditioning the <pace
heat gain  and cooling load are minimusm when the Il b iny

S
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layer is epplied to the outer surface of ithe exterior «lab.

The effect of the various factors mentioned above oan L
winter heating load is studied as well. Sume of thece facturs
are  observeZ to have different effect on the winter heating
loed then o©n the summer cooling load «uch as the Ltheimal
ingulation and its location where, contrary to the case wilh
summmer  copling, the winter heating load is minimum when the
irngulation is applied to the inner surface af exterior olabs
of alrcenditiomned buildings. Also, the effect of those
Tactors on winter heating load is studied considering 4 very
low atmospheric air termperature.

It is concluded that the influence of insu.ation
location o©n <the summer cooling loacd should be coneider eod
simultaneously with its effect on the winter heatiug load
when deciding the proper location of Zhe insulating layr: un

an exteriocr slab of a year-around airconditioned SPace .

Saving in energy requiresnents for & bailaing
airconditioning is greatly affected by proper locatian of
insulation and wutilization of thormal storage and  bieat

release by the structure walls.
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NOMENCLATURE

A Area cf slab under study, me

= Thermal capacity, J/kg®C

Cco Cooling load from main slab, W/m2

CLTD Cooling lpad temperatue difference, °C

D Thickness of auxiliary slebs , meler

ho Convective heat transfer coefficient at the inli iar
surface , W/mZ°C

hog Convective heat transfer coefficlent at the exlovior
surface , W/mE0C

HELUX Heat flux at external surface, W/ nt

HGAIN Heat gain from main slab, Weas

HL Heating load from main slab, W/me

HLCSS Fect loss iz main slab, W/me

HLTD Heating load temperatue difference, ©C

ey Radiative heat transfer coefficient netween an
interior surface and the interior curface numbir o,
W/mE0C

Nrg—an Radiative heat tramsfer coefficient betweern tho
exterior surface of the main slab and the sky,
W/mEer

b | g Radiative heat transfer coefficient between thr
exterior surfece of the main slab and the teri ealial
surroundings, W/m=0C

Ig Total selar flux incident on the external surfoace of
the main slab, W/ me

K Thermal conductivity, W/mbC

vl
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Thickness of slab under study, moeter
Time, sec

Dry-bulb ambient temperature, °C

Indoor sir design temperature, ©C
Temperature at the main slab outer surface, 90
Temperature at the internal surface, °C
Temperature at the main slab inner surface, 9¢
Temperature at node m, arithmetic average of U, «and
Vmye ©C

Temperatures at internmal surface number r , U
Sky temperature, °C

Surroundings temperature, °C

Overall heat transfer coefficient, W/ mSoC
Temperature at node m calculated in direction of
increasing x, ©C

Temperature at node m calculated in direction of
decreasing x, °C

Wind velocity, m/sec

Distance, meter

Distance, meter

Thermal diffusivity, mE/sec

Absorptivity of exterior surface to solar radiabtion
Emissivity of interior surface

Emissivity of extericr surface

Density, kg/mg‘

Vil
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Superscripts

m

Integer from O to N denoting time level

Subscripts

=

d

ambient conditions

design conditions

Denotes internal surface

Integer from O to M denoting spatial level
main slab

Denotes extermnal surfTace

Integer from 1 fo R cdenoting the number of
internal surface

Solar

Denotes sky

Denotes surroundings

Integer Trom O to W denoting spatial level

auxiliary slabs

vl
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LIST OF_ FIBURES

Heat Tlux components the surfaces of the main slab

Hzat Tlux components the surfaces of an auxiliary <lab
Intensity of solar radiation

Surrourndings temperatures in summer

Summer weather data

Winter weather data

Heat flux, heat gain & zooling levad from horizontal roof
Heat Tlux, heat gain & cooling load frum norstte wall

Heat flux, heat gain & cooling load from east wall

Heat Tlux, heat gain & cooling load from sout!t wall

Heat flux, heat geain & cooling load from west wall
Effect of exterior wall thermal capacity on CL

Effect of roof thermal capacity on CL

Effect of insulation layer position in heavy wall on CL
Effect of insulation leyer position in medium wall on CL
Effect of insulation layer position in medium roof on CL
Effect of wind velocity on CL from walls

Effect of wind velcocity on CL from roofs

Effect of external surface emissivity on CL Trom wall<a
Effect of external surface emissivity on CL ferom roaofo
Effect of surroundings temperatures on CL from walle
Effect of indoor air movement on CL Trom walls

Effect of indoor air movement on CL irum rools

gffect of internal surfece emicsivity on CL Trom walle

Effect of internal surface emissivity on CL fram rond:.
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Effect of

efiect of

Cummulatbtiv

Cummulative effect

Heat flux,

Heat fluwx,

of
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of
Effect of
Effect of
Effect of
Effect of
Effect of

Effect of

Cummulative effect

Cummulative
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interior structures on CL from walls

interior structures on LCL ‘rum roofa

e efifect of various parametlers on L from walls

ef varicus parameters on CL froo ruofs

heat loss & heating load from walls

heat loss & heating load Trom walls for low 14

exterior wall thermal capacity on HL

exterior wall thermal capacity on HL for 1ow T4

irsuletion leyver position in héﬁvy wall o HIL

insclation position in how. on HL for low I

rnsulation laver posibtior o onedivn wall oo L

insulation pesition in mow. on Mo Tur Jow |

wind wvelocity on HL from walls

wind velocity on HL from walls fur low 1

external surfece emissivity on KL from wall.

external surface emissivity on HL for low T

surroundings temperatures on HL Trom walis

surroundings temperatures on HL for low I -

indoor air movement on HL from walls

ingoor air movement on HL from walls for low I a

internal surface emissivity on HL froem wall:.

internal surface emissivity oun HL for low T

interior structures on ML Trom walls

interior structures orm HL {rom walls To1 1w T4

of various paramclers on HL frum walls

effect of various parameters on HL for Jow |
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