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,APPENDIX Al : THE STANDARD CONTINENT



f\1	 The Standard Continent

To simplify the climatic zoning one may ignore topography

and consider a hypothetical sea-level continent stretching

from the Equator to the Pole, figure (IL\1.1). The climatic

zones that are likely to occur on such a hypothetical con-

tinent due to the ocean currents and the mean annual pres-

sure and wind patterns that would prevail would be as

follows:

a) The eastern seaboard would be warmed in the lower

latitudes by ocean currents, while on the western
0

margin, above about latitude 40 , a similar effect

would be felt.

b) At lower latitudes on the west there would be a dis-

tinct cooling due to the movement of cold water towards

the Equator from higher latitudes.

c) The semi-permanent subtropical highs and subpolar lows

will be approximately as shown, and this will give rise

to the air flow indicated in figure (A1.1).

d) There will tend to be a high pressure region over the

northern continent in winter and low pressure over

the tropical region in summer.

Temperature of' the standard continent is considered on an

annual basis. The main factors contributing to the thermal

patterns are:

a) The ocean currents.

b) Warm air masses from the oceans and cool air from th'

continental interior in winter. Cool air masses from

the continent in summer.

c) The latitude, and its effect on radiation.
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Precipitation pattens over the north of the Standard Con-

tinent during the winter season are due to the Polar fronts.

These are not continuous across the continent as the cold

high pressure zones tend to block the movement of rain-

carrying cyclones coming from the west. Precipitation

normally occurs in the continental interior in the form of

snow, this being equivalent to a small amount of rain. The

convergence belt of' trade winds along the Equator is still

sufficiently close to show an associated rain belt, figure

(A1.2). This is especially so when there is enough heating

to induce convective occurrence as well as convergence.

Along the eastern seaboard, around the 
4Q0 

latitude, there

is often some rainfall associated with convective showers

over the relatively warm ocean. These are blown landwards

by the outflow of the subtropical high.

During summer the Equatorial convergence zone will have

moved into the northern hemisphere, and most of the trop-

ical belt experiences the rain associated with this mani-

festation. The Polar front, fig.(A1.3), will have retreated

towards the 60 - 700 latitudes, thus giving rise to a

small amount of rainfall in this area. In the interior

regions where there is a source of moist air intense con-

vection leads to heavy showers. Along the western margin

of the continent, subject to convective effect, there is

general rainfall due to the presence of moist onshore winds.

Although the consideration of the summer and winter patterns

gives a good idea of the annual zonation there are two

special regions that must be considered separately.

The dry region:

During the winter cyclones moving from the west are

unable to penetrate far into the continent because of

the blocking effect of high pressure zones. However,

as spring approaches the highs weaken and some rain-

bearing winds can break through into the interior. Thus

this normally dry region has a tendency for a spring
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maximum rain.

2 High latitudes along the western edges:

During autumn as the land begins to cool the relatively

warm, moist air moving in from the ocean tends to pro-

duce a seasonal maximum rainfall.

1 composite picture of the rainfall regimes is constructed

as in figure (A1.4) and it is interesting to note that the

areas of' uniform rainfall are considerably small, and that

the desert region extends over a wide latitude band. In

the region near the Equator the approximate nt1mber of wet

months has been used as the terms winter and summer have

little relevance in this area.

True climatic patterns will always differ from the Standard

Continent due to land width, topography, and distance from

the Equator. To illustrate the effect of these extreme

variations, two extreme variations will be considered.

If the width of the continent in the higher latitudes

is very great, as in North America and Asia, there will

be a considerable source of cold air in winter. This

will result in extreme cold in winter and intense heat

in summer for these latitudes, due to the lack of moist

air so far inland.

2 If' the width of the continent around the tropical region

is small, as for instance in Central America, there will

be little continental tropical air and a much smaller

desert area will result.

Topography, in the form of mountain ranges, will show an

effect on them depending upon their orientation. For ex-

ample if mountains run north-south the tropical air of

summer can sweep right into the continental interior, while

during the winter the cold Arctic or Polar air can move
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downwards towards the Equator. This does occur in the

Americas where the Rockies and the Andes are both north-

south mountain chains. Warm, moist air penetrates as far

as Canada in summer, while the northern cold air reaches

as far south as Ilexico during the winter. If the chains

run east-west they are effective in blocking great latit-

udinal movements of both tropical and Polar air masses.

In this case the interior can have a very cold winter

while the tropical region can experience a very hot season.

This pattern occurs in Asia where the Tibetan plateau and

the Anatolian Persian ranges run east-west.

In the mountain area itself the windward side of the moun-

tain is characterised by high precipitation, because here

the air flow ascends and cools. The leeward side is char-

acterised by dryness and is relatively sunny, being in the

so-called rain shadow. The air movement is first deflected

upward by the mountain range then, as it passes beyond the

rest of the divide, it sinks and falls rapidly, but soon

curves into a trough and is sent upwards again. Thus it

begins oscillating to form an extended wave pattern down-

wind from the mountain.

The Asiatic monsoons illustrate dramatically the influence

of continents on the flow of air. During the winter months

Siberia is a region of intense cold and high pressure,

with the result that northerly and northeasterly winds

flow across eastern Asia and stream out into the Bay of

Bengal, causing minimum cloud and precipitation over the

land. During the summer the situation reverses, the int-

erior is under the influence of' a low pressure system, and

huge amounts of warm, moist tropical air flow off the Bay

of Bengal and off the Indian Ocean to cause intense pre-

cipitation over parts of' India and Eastern Asia.

Therefore, any classification should take into consider-

ation the location of' the continent, its topography as

well as its deviation from the Standard Continent. A

classification for building and architecture which takes
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account of man's needs in the internal and the external

environments can be expected to save a lot or resources in

both the developing and the developed worlds. Intensive

research is needed to devise first, a scale or index and

second, a world-wide environmental classification taking

into account the human environmental needs.
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PPEND1X A2 : SOLAR RADIATION :

Its Contribution to Ambient Air

Temperature Outside Buildings



A2	 Solar Radiation f its Contribution to Ambient Air

Temperature Outside the Built Environment

Solar radiation as a source of energy, and as a factor in

building design, has been brought to the forefront in the

recent past. Information about solar radiation is frequ-

ently needed by workers in many research and applied fields.

However, there are few meteorological stations in the world

that keep records of both beam and diffused solar radiation.

Iloreover, very few of these stations are sited within tñe

tropical regions in which more than half the world's popu-

lation lives. Where climatic conditions range from hot to

very hot solar radiation is one of the most important

factors affecting building design. It is believed that

every 90 U/rn2 of radiation contributes to an increase of

1°C in our temperature ( 6 ). Solar radiation has a very

important part to play in the choice of building materials,

building forms, orientation, the use of inner and outer

spaces in building design, as well as the possibility of

its use as an energy source for domestic purposes ( 7, 8 ).

The aim of this Appendix is to develop an approximate

method of calculating the solar intensity in areas where

there are no existing solar radiation records (eg in Egypt)

using other records, such as hours of bright sunshine, or

the percentage of total actual to total possible hours of

sunshine. The calculated radiation intensities in the

different regions of Egypt will include the monthly, daily

and hourly means for both beam and diffused radiation on

horizontal planes. Human response to solar radiation in

the external environment will be considered in Part 5 of

this Appendix.

pyr,
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A2.1 The Solar Constant

The sun, with a diameter of 1'39 x i0 6 km, is at a distance

on average of' 1'5 x io8 km from the earth. The surface of

the sun is at an effective temperature of about 5762°K 1

( 9 ) and a density of about io8 g/cm 3 . This simplified

picture of the sun t s temperature and density will serve as

a basis for appreciating that the sun does not function

as a black body radiator at a fixed temperature, but that

the emitted solar radiation is the composite result of

several layers which emit and absorb radiation of' various

wavelengths. The geometric relationship between the sun

and the Earth is shown schematically in figure (2.2).

The eccentricity of the Earth's orbit causes a variation

of' ±1 . 7% in the distance between the sun and the Earth.

The characteristics of the sun and its spatial relation-

ship with the arth result in a nearly fixed intensity of

solar radiation outside the Earth's atmosphere. The solar

constant	 is the energy from the sun per unit time re-

ceived on a unit area of surface perpendicular to the

radiation, in space, at the Earth's mean distance from

the sun. The mean solar constant is estimated as:

	

1353	 W/m2

	

4871	 kJ/m2 hr
2.1'940 cal/cm mm

	

428	 BtU/ft2 hr

Variations in Earth-sun distance do however lead to vari-

ations in extraterrestrial radiation with the time of' the

year. This is expressed in both tables (eg table (A2.1))

and figures (eg fig.(A2.1)).

I This leads to the same total energy as is received from
the sun above the atmosphere.

=

I a



month
	

day No
	

dec),.ination
	

Eqn of' time	 extra-
terrestrial

()
	

(E) mm
	

(p0) U/rn2

1

15

32

47

60

75

91

106

121

136

152

167

182

197

213

228

244

259

274

289

305

320

335

350

Jan 1

15

Feb 1

15

Mar 1

15

Apr 1

15

May I

15

Jun 1

15

Jul 1

15

Aug 1

15

Sep 1

15

Oct 1

15

Nov 1

15

Dec 1

15

-23•1

-21'4

-17'4

-12•8

-8•0

-2•4

+4•2

+9•6

+14•9

+18•8

+21•9

+23'2

+23'l

+21 •6

+18•O

+14•2

+8'4

+3'2

-3'O

-8•2

-14•3

-18•4

-21•7

-232

-3•6

-9.7

-13'7

-14•1

-125

-9'8

-4'O

+2'9

+3 65

+2 • 4

-045

-3•6

-60

-41

0'O

+5'05

+1O'2

+14'2

+16'3

+15

+11•0

+4.4

1398

1395

1392

1385

1376

1365

1355

1340

1330

1320

1313

1309

1308

1309

1313

1320

1330

1340

1352

1362

1375

1380

1392

1395

Table (P2.1) Variation of' declination, Equation of time

in minutes, day number, and mean extra-

terrestrial radiation with the time of

the year.
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Figure (A2.1) Variation or extraterrestrial solar radiation

with time of year. 1fter Duffie ()
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I2.2 The Geometry of' Solar Radiation

The geometric relationship between a plane of' any orien-

tation relative to the earth at any time and the incoming

beam of solar radiation, that is the position of the sun

relative to that plane, can be described in terms of'

several angles:

S =

=

0 =

8 =z

cx=

latitude, north positive

declination = the angular position of the

sun at solar noon with respect to the plane of'

the Equator, north positive in summer

slope = the angle between the horizontal and

the plane

the surface azimuth angle = the deviation of

the normal to the surface from the local meri-

dian, the zero-point being due south for loc-

ations sited in the northern hemisphere, with

east positive and west negative

hour angle, with the solar noon being zero and

each hour = 15° of longitude, with morning

positive and afternoon negative

the angle of incidence of the beam of radiation

= the angle between the beam and the normal to

the plane

zenith angle = the angle between the beam from

the sun to the vertical

solar altitude	 the angle between the beam

from the sun and the horizontal = 90 -

The declination, , can be found from the approximation

equation of Cooper ( 12 ), from tables (eg table (A2.1)),or

charts such as the analemma, figure (A2.2) ( 4 , 9 ). In

this section Cooper's equation, mentioned below, has been

used to estirate the declination:

=	 23'45 sin(360 x (284 + na)/365)	 (1\2-1)
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Figure (A2.2) The Analemma. This diagram gives the dif-

f'erence between mean and apparent solar time

as well as the sun t s declination for each

day of the year. For any day the time

difference is found directly above, along

the upper horizontal margin and the declin-

ation along the left hand margin.
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where 
11a is the day of the year with 1st January as day 1.

/\lso the declination can be determined from Nomograms,

such as that developed by Whillier ( 13), and reported by

both Duffie ( 9 ) and Ilarkus (18 ).

The relationship between C and the other angles is given

by:

cos 8 =	 sin S sin	 cos s - sin 5 cos	 sin s cos
+ cos	 cos	 cos S COS "

+ cos	 Sin	 sin S COS	 cOs t

+ cos • sin S	 Slfl ^^ Sin

The solar altitude (O( ), and the solar azimuth ( S ) with

respect to the south, can be calculated according to the

following equations:

sin 0< =	 sin q5 sin	 + cos	 cos	 cos '	 (A2-2)

sin	 =	 sin	 cos	 / cos	 (A2-3)

The duration of the sun in the sky, ie the day length, is

important for the calculation of both the total daily in-

coming radiation and the mean daily radiation. The pos-

sible hours of sunshine for any day of the year has been

calculated by the following equation:

N	 =	 2/15 x cos 1 (-tan	 tan	 )	 (/2-4)

The time specified in all of the sun angle relationships

till this stage is solar time, which does not coincide

with local time. Therefore it is necessary to relate

standard time to solar time by applying two corrections.

First there is a constant correction for any difference in

longitude between the location and the meridian on which

the local standard time is based. The second correction

is from the equation of time. These corrections are made
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by applying the relation:

T	 =bc

where:

I + '. + 4(L	 - L ) minutes	 (A2-5)
z	 bc	 z

L
z

Lbc

=	 equation of time in minutes

=	 the standard meridian for local time zone

(this is +300 for zone 2 where Egypt falls)

=	 the longitude of the location

The sun takes 4 minutes to travel 10 of longitude. It is

interesting to note that the equation of time is positive

ihen the sun is fast (ie when it arrives over the meridian

before 12.00 by mean time) and negative when the sun is

slow (when it arrives after 12.00 by mean time). Therefore

the mean time will coincide with the solar time only when

the sun arrives over the meridian at 12.00.

A2.3	 Estimation of the Average Radiation

Solar radiation entering the earth's atmosphere is split

into three parts. One part is absorbed by water and ozone.

The second part is scattered by air molecules, dust part-

icles and molecules of water vapour. This part, the dir-

ection of which is changed by reflection and scattering,

is called 'sky radiation'. The third part, which reaches

the earth unaltered, is called t beam radiation', or direct

radiation. The bending of the sun 1 s rays by refraction

through the atmosphere is of little importance to the pur-

pose of this section and has been ignored.

On arriving at the earth's surface radiation is reflected

and this reflected radiation will be considered as another

source of diffused radiation, and will be called 'ground

The total solar energy reaching the earth's

surface, and consequently any object on it, is the sum of'

all these components. For simplicity, the diffused
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irradiances are normally considered isotropic so that a

vertical surface receives only half as much sky diffuse

irradiance as a horizontal surface. Conversely, a horiz-

ontal surface feceives no ground radiation, whereas

vertical surfaces receive a maximum.

The need for an approximate estimate of the mean solar

radiation values falling on a horizontal plane at th sur-

face of the earth arises in climatological studies in many

parts of the world. Such an estimate could be made possible

by consideration of the ralationshop between recorded solar

radiation at the earth's surface and the duration of sun-

shine. A method was first suggested by Angstrom (1924),

and expressed in the form of the following regression

equation:

=

where:

Q o•	=

1 a =

Q ( 1 a + (1.00	 1	 IN)- a n0

total incoming radiation on a clear day

mean proportion of radiation

This proportion ( 1 a) varies from day to day, and is depen-

dent on many other variables. Black (1954) ( 1 ) reported

some values for Stockholm. The same principle has been

extended to the relationship between the duration of sun-

shine and the theoretical amount of radiation to be expected

were the atmosphere perfectly transparent. This relation-

ship takes the following form:

Q	 =	 U (a + b)n/Nh	 0

where:

=	 the total radiation expected in a perfectly

transparent atmosphere

and 'a' and	 can be determined for a set of' data if the

four values U b , c' n and N are available.

p. ..p
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Black ( 1 ) examined the values of the regression constants

a and b, given in the above equation, for five locations.

He found that the regression coefficient b is approximately

constant at 0 • 50 and O'55, and its values suggested no

dependence on latitude. The values of the parameter a

however showed a marked trend, being smaller at the higher

latitudes and greater at the lower ones, table (f\2.2).

Black related this to the effect of cloudiness, He also

studied records from 32 meteorological stations covering a

vast area of the world, and concluded by proposing seven

ranges of latitudes for each of which he suggested fixed

values for the regression constants.

Glover and McCulloch ( 2 , 3 ) examined the values of a

and b derived from daily records, and found them varying

widely from month to month, but their distribution appeared

to be substantially consistent. Actual mean values of a

and b for a five year period (1938 - 1943) at Kabete in

Kenya, altitude 1830 m (6000 ft), differed slightly but

non-significantly according to the length of' the period in

which the data were grouped. The sum of a and b has been

shown to be approximately constant ( 0 . 82) at Kabete. The

value of a has been found to be a function of latitude. An

empirical relationship .leading to the Angstrom type equa-

tion at each latitude	 over the range 0° - 600 was

derived, and was shown to give values in reasonable agree-

ment with previous experience, This relationship takes

the following form:

=	 Q(0.29 cos	 + 052 n/N)

or:
=	 Q 0 (0 . 29 cos 4' + 052 n)
	

(A 2-6)

where:

n	 = n/N%

the percentage of actual to possible hours

of sunshine.
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Some authors give other formulae than the Angstrom type

for estimating h ( 14 ), however they always need constants.

The problem is that the constants are not given for many

stations or large areas, except in a very simplified form

and therefore not accurate. Only the constants a and b

are given for many stations and regions and different

climates. Therefore, the other formulae are not considered

in this part of the study.

A2.4 Estimation of Hourly Radiation

The absorption and scattering process in the atmosphere is

the result of many factors. In terms of' absorption per

unit air mass, ozone absorbs about 3% of the solar constant

Q 0 oxygen and carbon dioxide absorb less than 2%, while

water vapour absorbs some 10-15% depending on its concen-

tration, removing energy mainly from the infra-red part of

the spectrum. Thus, variation in the surface irradiance

due to absorption depends mainly on the water vapour dis-

tribution.

The precipatable water held gaseously in the atmosphere

varies considerably from area to area, and is greatest in

the Equatorial regions where it may reach 100 mum3.

Scattering by cloud droplets and aerosols depends strongly

on particle size and on wavelength. Scattering by aerosol

removes from 5% to 55% of U 0 per unit air mass, but a sig-

nificant part of the scatterd radiation still reaches the

earth's surface as diffused radiation. The theoretical

total solar irradiance, 
h' 

expected at the surface as a

result of both direct and diffused radiation depends on the

following four factors:

1	 The solar constant U
4	 0

2	 The sun-earth radius vector

3	 The total water vapour content of' the atmosphere

expressed as precipitable water
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4	 The air rnass,m = (path length traversed L)/

(vertical depth of atmosphere d)

This air mass is related to the solar altitude, c. , by the

following expression, for	 > 100 at, or close to sea-

level:

m	 =	 1/sinD<

=	 cosec( o<)

These four factors affect the solar radiation received at

the earthts surface, 
h' 

however the major variation of

the extimated radiation on a surface normal to solar radi-

ation, defined as 
h' 

is due to water vapour and air mass.

This can be allowed for by using a turbidity coefficient

Ta' which is based on measurement of 
mn 

over the whole

solar spectrum (0 . 3 - 30 m), and defined by the

relationship:

Ta	
=	 -1/rn log (i /Q )e mn hn

where:

hn	
=	 estimated radiation intensity falling on

surface normal to radiation

mn	
=	 measured radiation intensity falling on

surface normal to radiation

The high mid-day solar altitudes associated with lower lat-

itudes mean that mid-day air mass is low, and therefore

the energy that penetrates is considerable. In the humid

equatorial regions turbidity is often lower than in the

desert regions despite the presence of cloud for a high

proportion of the day. In temperate mid-latitude climates,

the turbidity is characteristically lowest in the middle

of winter, increasing to a maximum in the hot season. The

absorption of the infra-. red band by water vapour increases,

so reducing summer direct beam irradiance. Highest
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turbidity is usually associated with urban situations, and

may extend over wide areas.

U P Lowry (15 ) reported the distribution of air tempera-

ture in London, San Francisco and Washington. He suggested

the existence of heat islands covering the city centres

accompanied by dust domes resulting from activities in the

cities. Chandler (16 ) reported similar phenomena in

Leicester. Typical values of 
Ta 

for different types of

air masses, with correction for urban and other polluting

influences, are given in table (12.3). The amount of dif-

fused solar radiation on cloudless days also varies con-

siderably from one part of the world to another, because

dust particles from the desert, and general atmosphere

pollution from human activities add substantially to the

atmospheric scattering. These dust particles may cause

asymmetry of the daily solar intensity around the solar

noon in desert regions. Kuba ( 20 ) reports the occurrence

of this phenomenon in the Khartoum area. He suggested the

reason for it being the hot wind in this area, which stirs

the dust in the early morning.

Unsworth and flonteith (17 ) reported that for cloudless

conditions, when the solar altitude is above 300. the ratio

of diffuse irradiance on a horizontal surface, 
dh' 

to

total irradiance on a horizontal surface, 
h' 

in central

England, may he expressed as a function of turbidity'a'.

dh'h	
=	 C + d('[)
	

(12-7)

where:

C
	

0097 ± 0.009

d
	

0'68 ± 004

Page (11 ) studied the relationship between solar irradi-

ance on horizontal planes and found that for a fixed solar

altitude c, a linear relatioship exists between the diffuse
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0
10
20
30
40
50
60
70
80
90

(0)
(63.1

(134•9
2221
284•3
383•0
4846
5521
604•3
6247

(0.290)
(0 . 245)
(0.314)
0'360
0362
0424
0•492
0'520
0545
0'560

Location	 Air mass	 Ta

0•05

020

0'35

Northerly island site,

minimum pollution from land

sources.

Rural or coastal site exposed

to natural aerosol pollution

and small amount of smoke.

Urban site uithin or close to

a large town (say population

exceeding 100,000).

Polar

average

Continental

Polar

average

Continental

Polar

average

Contihental

0•10

0•25

0'40

0•25

040

055

Table (A2,3) Characteristic values of turbidity co-

efficient T for UK, showing the influence

of air mass type and location in relation

to pollution sources.

Solar altitude
	

Constants
(degrees)
	

a1

Table (A2.4) Values of a0 and a 1 in relation to solar

altitude (after Page).
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where

dh

horizontal irradiance and the direct horizontal irradiance.

The relationship takes the following form:

dh	 =
	

a0 - alQbh

ie:

bh	 =
	

(a - Qdh)/al
	 (A2-8)

1 a 1 and 1 a 1 1 are regression coefficients whose values

change due to changes in altitude, Typical values for

these coefficients are given in table (A2.4).

In cloudy conditions diffuse irradiation dominates. The

study of the climatology of diffuse radiation is very

important in building design in cloudy climates, Well

over half of the incoming short wave energy may be due to

diffused radiation in such areas, and it is important to

have reasonably accurate methods for estimating the dif -

fused radiation available to building surfaces. The basic

problem here, in the absnce of local measurements, is how

ta separate the diffuse horizontal surface radiation, 0dh'

from the global radiation, 
h• 

Page (11 ) found it was

possible, by using data from meteorological stations where

both diffuse and direct irradiation were observed, to set

Up a reasonably accurate regression equation of theTform

dh"h =
	 c1 + dl(Qh/QOh)

	

=	 mean monthly value of daily diffuse

irradiation on a horizontal plane

	

=	 mean monthly value of daily global

irradiation on a horizontal plane

	

oh =	 mean monthly daily irradiation on a

horizontal plane in the absence of any

atmosphere

and c 1 and d 1 are climatically determined regression

constants.
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The mean regression equation for ten stations scattered

across the world studied by Page was found to be:

=	 100 - 1s13(Qh/QOh)

These regression constants seem to over-estimate the amount

of diffuseradiation in hot zones. Page also found that

a very high correlation existed between monthly mean hourly

diffuse horizontal surface irradiance and solar altitude,

for a number of stations in Western Europe. The relation-

ship function is remarkably simple:

dhh	
=	 1 a + b 1	(A2-9)

He suggested that this equation is precise in the northern

hemisphere, but may also apply to the southern hemisphere.

Values for the constant5 1 a and b 1 are given in table (A2.5).

Inspection of the values of ' a and b 1 in the regression

equation of the monthly mean diffuse irradiation on a

horizontal plane indicates that 1 a is constant at a value

equivalent to 2, while b 1 appears to depend on the turbid-

ity, the type of terrain, and the wind conditions, and

seems to be independent of latitude.

1ccordingly, for the purposes of this section, 1 a will be

taken as a constant, 2, while b 1 will be considered as a

constant depending on the site type as shown in table (42.6).

\2.5 Radiation and 1\mbient Ptir Temperature

The radiation effect on human beings is a function of many

factors, the most important being the intensity of radia-

tion. Other factors of less significance include level of

activity, clothing, wind speed, posture, terrain and ambi-

ent air temperature (DBT).. Radiation effect of hot sur-

faces can be used to balance lower air temperature. This

means that human beings can experience comfort at lower
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Location	 Latitude	 "a	 b'

Kew (London)	 52°N	 2	 4'804

Eskdalemuir (Glasgow)	 55°20'N	 2	 4798

Leruick (coastal town)	 60°1Q'N	 2	 5•068

Bracknell (rural site)	 52°N	 2	 5068

Aberporth (Welsh coast)	 52°1O'N	 2	 5176

Hamburg (open air port)	 53°35'N	 2	 5360

Valentia (U Irish coast)	 51°55'N	 2	 5600

Table (A2.5) Constants in monthly mean hourly diffuse

horizontal surface irradiation formula

(after Page).

-	 1	 '1Location	 a	 b

Urban sites within big	 2	 4800

cities

Suburban sites in small 	 2	 5O68

towns and villages

Open country sites and	 2	 5•400

coastal areas

Table (A2.6) Constants 18 and b ' in the regres-

sion equation of the monthly mean

diffuse irradiation on horizontal

plane.
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air temperature conditions if the heat loss of the body

can be counteractod with radiation from hot surface sources,

including the sun's radiation. In internal spaces this may

be controlled to some extent by controlling the temperature

of the radiating surface. In external spaces, where the

5Ur) is the main source of radiation, designers should con-.

sider its heat load on human beings. The aim of this part

is to propose an index for evaluating that heat load on man.

In hot climates solar radiation may increase the heat gain

to an extremely uncomforable level. Human skin absorbs

only a fraction of the heat flux and skin absorbance is,

furthermore, lowest for the highest radiation flux, figure

(A2.3). The absorption rate inversely mirrors the solar

heat flux, graphed as a function of wavelength. Skin

-absorption is somewhat higher for tanned (or black) skin,

particularly in the visible part of the spectrum.

Givoni (10 ) suggested a method for calculating the radiant

heat load due to solar radiation to integrate its effect

into his index 'The Index of Thermal Stress', using the

following formula:

R

where:

R

1N
K
pe

KCL,a

'I

/ 0'2
=	 1N Kp e KcL(1 - aV
	 - 0.88))

solar radiation heat load

=	 normal solar radiation intensity

=	 coefficient depending on posture and terrain

= coefficents depending on clothing

=	 wind speed

His calculation considered neither the level of activity

nor the ambient air temperature. This suggests that these

calculations would under-estimate the magnitude of the

solar heat load.
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Figure (F2.3) Solar radiation and absorption by white

and negro skin. 1\fter Kamon (22).
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Yaglou, 1947 ( 25 ), suggested the following relations to

determine the effect of solar radiation on the human body:

Heat loss by radiation and convection (R + C)

=	 s x	 - t )/(0	 + V/c)

Heat loss by evaporation (E)

=	 E
C

where:

	

S	 =	 mean body surface ares of clothed man,

average clothed and unclothed area

= 2'15 m 2 (23 ft2)

S	 =	 fraction of surface area exposed to
C

radiation and convection

=	 comfortable skin temperature, 34°C (93°F)

	

ta	 =	 dry-bulb temperature

	

do	 =	 one unit ±nsulation of clothing

=	 air effect on clothing at

0'5 - 1 . 0 rn/s (1 - 2 mph)

	

C	 =	 coefficient of' 1 do unit - O•5°C
=	 latent heat loss at low temperature by

evaporation, 38 W (130 BtU/h)

1 Olgyay ( 5 ) in his bioclirnatic chart indicated the effect

of solar radiation on the human body in radiation curves

using Yalgou's formulation. He found that every 100 U/rn2

of solar radiation produces a rise in the ambient air
o	 2temperature of 1 q 35 C (ie every 75 U/rn has the effect of'

increasing the ambient air temperature by 1°C). Olgyay's

calculations were made for man living under cold conditions

therefore his findings may not be valid for the hot periods.

Szokolay ( 24 ) suggested that for outdoor conditions an

irradiance of 70 U/rn 2 on a horizontal is equal in effect

to 1°C. This approximation can be related immediately to

Olgyay's findings for the under-heated period. Szokolay

741



suggested a simplified method to estimate the radiant heat

load on a man standing outside and exposed to solar radi .

-ation. His method seems to overestimate the amount of heat

gained by the human body, especially in the over-heated

zone. He suggested that on average a 1°C drop in the dry

bulb temperature is compensated for by an incident radiant

flux of 7 U.

Karnon, 1978 ( 22 ), reported that the heat load resulting

from direct radiation of 930 U/rn 2 (800Kcal/m 2 hr) on a

horizontal plane, plus that from indirect radiation of

150 U/rn 2 (130 Kcal/m 2 hr) amounted to between 140 and 185W

on a walking man. This caused an increase in sweating just

as it would if the convective heat load was increased by

an amount equivalent to an 8°C rise in air temperature,

suggesting that if solar radiation intensity was as high
2	 2as 1000 U/rn , every 135 U/rn of' solar radiation falling on

a horizontal plane will contribute 1°C increase in ambient

air temperature. Incident radiant flux of between 18 - 23 U

on the human body will result in the same sweating increase

as when the convective heat load is increased by an arnount

equivalent to a rise in air temperature of 1°C,

Therefore, for the purpose of this section, the effect of

radiation on human beings standing outside the built env-

ironrnent will be estimated as due to the intensity of

radiation falling on a horizontal surface on the ground,

and consequently, on man himself. The low limit for under-

heated periods (with low radiation intensities) will be

taken as 1°C rise in the ambient air temperature, resulting

from 70 U/rn 2 . The upper limit for very high intensities

(with overheated periods) will be that 135 U/rn 2 is having

the same thermal effect as an increase of 1°C in ambient

air temperature.
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annual
3 Fl! All 33 A SON D mean

ower Egypt	 172169 173175181 86187 1 89 1 85 1 82 1 76 1 63 I	 78

Red Sea	 I5g73I75I8oIe1lg5I9sIg4Ig3I84I767oI	 81

Upper Egypt	 85 88 8696 95 94 95 91 84 84	 89

Desert	 811B0 84 88 84 98 98 98 98 91 83 78	 89

Cairo	 1651641681741731891881861851781681591 	 75

E1-Khanka	 69 70 73 79 80 91 85 80 83 84 78 70	 79

Delta Barrage 66 69 73 79 79 86 80 75 79 80 75 69 	 75

Almaza	 71 74 74 74 78 83 83 85 85 83 80 71	 79

Giza	 63 64 66 74 75 90 89 86 85 68 69 59	 75

Heluan	 63 64 59 76 75 95 94 93 91 83 66 61	 78

3	 FIll IA Ill 13 13 IA IS 101 NI D

Table (A2.7) The hours o? bright sunshine in the Egyptian

regions, expressed as % total actual/total

possible.
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Code	 Region	 Latitude N	 Longitude E
(4))	 (L10)

El -	 Alexandria	 31°12'	 29057!

2	 Suez	 29°56'	 32°33'

3	 Asuan	 24°02'	 32°53'

4	 Siwa	 29°12'	 25°19'

5	 Cairo	 30°08'	 31°34'

6	 El-Khanka	 30013!	 31°12'

7	 Delta Barrage	 30°11'	 31°08'

8	 Almaza	 3OO6'	 31°22'

9	 Giza	 30°02'	 31°13'

10	 Heluan	 29°52'	 21°20'

Table (A2.8) The map references of the Egyptian regions

(the standard time meridian (L 2 ) for most

of the Iliddle East is Alexandria, 30°E).
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373 1H=iLMJT.-1
330 1JM 2=1LrI T-1
390- Gç T 110
400 90 WITEC6,7
410 FiED(5,-99)TL,NjD
420- Ni1-1=y
430 UM2=-I
Li4	 JA1=
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.	 .JAL=1L
4o.	 11.	 rITCjj3)
'i7	 7)) JT
LJ	 rJ=3. 1/uS?
,-	 I	 1'	 - T

...	 LI..)	 .J..	 .-iI

:	 LJ 1 L.	 1,
:i	 J=Ji-i

r
._jc_	 J.J4.. —

53.	 I (J. _J. ...)
--- i_O	 I=1.,J

'=	 "+ _( I)
L	 JL."+ J

:7	 =-J
S:	 1( :.	 1)	 :^ 1
L7... 1f( ;-.:c. 15) = :^:

S=_'(	 1)
.)1	 T	 TL+L/.+(J(J.5)C .)/1...

c	 OL1	 iS.	 -( 1.
3	 3 . /.I J( 3	 . •-."	 4. ,+ JL4..Y)-''I/( 335 . ..i3. r))

3Lj	 =5I J(L'( J.. 1)	 'I/ 13..j . L) .:SI J( 3PI/ iL'S. )
r35	 =C35(L(1	 1)	 I/i	 35(0	 PI/13.C)

66
7.,US(3I/1._)3S(3.PI/13C.C)

3.35	 L'.1-=.ZI i:i )
6)...	 i?=i5(J	 1)! 1),• 5
7	 C=Y(	 2) ( • 2? CO SC	 ( Jt i)*I/ i3. .i) +2 . 52-K.J')
71	 Ci'i( -.	 7+5. 5JSC( JTL, 3))
72	 D	 iL.PAL	 10,.. C/'I
730 50 6 I=b 1
745 IiCL.L.Sh(I 1))G3 TO 75
750 6	 UOJTI J'.
7	 'TI "( 3, 4)
770 ST3
73h 7	 L111
792 FLTIO=(L'.-1.(J1))/1.-.-
3	 O2.(J 2)+TIO (5L.(IJ 2)-St.(J	 )

3 1J .1	 ( J 3) ^	 TI 0 . C S( I	 ) - S( J 3))
r 1_f -

.J-L	 LI'...L...I	 L.L'	 .
I tf r	 r i 1' r	 rT)'_..	 . L	 L-. L •	 • LI LJ_.L—.J

330 O1.1I=SC(LITL 1)+SC(JTL 2) DA
34..j OIT= Ci+ CLiJ
35	 IF(CIT.LT.1j.)'70.0
3G0 IF(CJT.CT. 102 ...1)F.135•u
J72 IF(c1T.LT.1J.O.OF.CJT.GT . 1050 . 0)G3 TO 170

33u riTI3=( C.IT- lOu. 5)/?. 5
390	 7u•+Y'1-TIO<35.0
905 170 LTi-=C1T/P
910 IF(J?.L0. 1)00 TO l'iO
925 @T.i(JJV1)CiT
9 3.	 100 L.T(.,JL,	 =
9Lj	 'JFITi..(6i 11)

. I ••'-	 P -	 j r'3,.)..)	 1	 J.	 .-'..OI )CI	 L..J

75-1



963 'JFITL(5, 13)
77.i "FIT(6, 15)
930 DO 150 W=1 10
9?	 15L	 7 '1 T( G 3)'. ( ('T I( J., Ji). tJ= 1. 12)
I	 (	 TIIThT '(p

-	 .	 _.'u-'

i.ic TT 1TL(G 14)
hi2. JrITIL(G 15)
1.j30 DO 1	 J1 iL
14O loO	 RITL( 6. 7) 1	 (LT(,L1).. 1.1=1, 12)
15 00 TO	 L
UGu 1110 UI TL( 6 5) CAIT, DTt
lu7C 1 FORIkT( 1' "TY r	Li	 cob: :-"/
133'' (1)	 Li2	 (6) EL-	 /
139" (2) 5UL	 (7) ELLTA LRAGi",/
11 ZOI'' (3) ISTI!Lj	 (3) i-L1Th'' /
11 1" (4) 2IYi	 (7) CL/.''. /
11 LO'' (5) CAl FO	 (1 )iLLTT4 J")
11 3i 2 FOfldT( 1'(J "T"F. Li LO C.L TL1: DA" & 101TH :JTEFS")
1 1140 3 FOfl1T( 1M "TY''L I I LO CtTI 3	 cc D	 - ", /
1150o" (1) UFEtJ"/
1160" (2) SUDUFE! J"/
1170." (3) OPLJ C0UJTFY")
11JO 4 FOP1T(l',"1ISTh-E. Ii DATA - ALTITUDE TOO .-IIG.r")
1190 5 FOrAT(P"C{T ="F3.2,"DELTA =",F6.2)
l00 6 FOR IAT( 1' "DO Y3 'I SH TO US pF3Cr'A1 T3 PPOETTC :-"/
1210" TALLES () OF A SEC T FIC	 S1LT (1)")
1220 7 FOPAT( 1 "TYF I I LOCAL TLIE	 DAY OF ilO ITH")
1230 3 FORWT( 1', 13, /	 12F5. 0)
12110 9 FOF1.T( 1' 13, 4' 12F5. 2)
1250 11 FORi1i-T( 1' /1//I, 1')
1260 12 FORAT( 1', I, 1' "AT", F6. 2, " HOURS o:i DAY", I3 " OF EACH 10'JTIi"///)
1270 13 FORIIAT( 1' "TOTL I.JSTiUTJE3US S3LAP P.ADIATIOJ FALLI'JG O'J
1230iiORIZ0iJTAL PLA.JE"/ 1' "1.1 THE EGYPTIAJ PCI3 IS (/i2) "I)
1290 14 F0RJ1tT( 1'- "SOLA r' :DIATI3 I C0'JTF.IEUTIO'J TO AiEIJT AIR TEMP.
13O0IJ OUTER SPhCS"/1'"I I TH: EGYPT1AJ FCI3JS (DEC C)"!)
1310 15 FORIAT( 1C / 1' "P3IO I Ji FEE iAR APR lAY JU'J JLY AUG
1320St.P OCT	 iO'i LC"//)
1330 99 F0FlAT(TJ)
1340 500 STOP
1350 EJD

*

*IC COST:	 5 33.57 TO DATE:	 $ 7025.7= 7
*OJ AT 16.434 - OFF AT 19. 193 03 06/10/30
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r. _) -1 .

.

39/4.
2)5.
3/43.
319.
336.
311.
355.
353.

r

3
4
5
6
7

9
10

5147.
556.
6/14.
551.
532.
5511.
573.
560.
629.
565.

317.
333.
/145.
331.
377.
323.
235.
316.
376.
395.

290.
272.
232.
243.
323.
263.
C'

C'

331.
322.

''j•	T1 i TO TL Pr ocrj 1 TO PrO LT'L,L
TLLS CD) O 1 SPL CJFIC PLOULT (1)

L)

T"r'. U	 TLL	 LjV OF 1OJT
= 1 2 1 5
TYPL lU i...3CtTIOJ COSt.
(1) PLJ
(2) ETLUFZiJ
(3) O'4 LOrJTP"
=1

T IL. 3 iOUPS 0 J Li' 15 OF E/C1 i13,'JT

TOThL.	 00L11Y' T'LIA1TlO.J FLLLIJ3 3i .1Ol3 JTI.L 'LAJ:
U TL. 3"Tl J r	 (tT/..5)

Ft3I0iJ	 J.-i FLL	 i- p t pR i-Y J!'J JLV hUG SE	 OCT	 J3T s:c

503. 734. 935 . 103/1 . 1063 . 1047 . 950. 791.
513. 743. 931 . 1042. 1037. 1027. 944. 773.
537• 301. 964 . 1059 . 1055 . 1057 . 1003 . 345.
433. 71i. 9c7 . 1333. iooi. 1039. 923. 765.
556. 772. 951 . 1070. 1053. 1050 . 970. 302.
525. 750. 933 . 10/iS. 1051. 1059. 990. 309.
530. 751. 9z7 . 1053. 1063. 1076. 1003. 324.
5O. 749. 952 . 1053. 1073. 1067. 974. 302.
553. 732. 953 . 1064. 1055. 1047. 971. 304.
561. 773. 943 . 1066. 1040. 1031. 943. 733.

OLhP flhDlATIOJ C0'JTPIbUTIO.J TO hMLIEJT hIP TEMP. x:i OUTEr? SACES
Ui T.IL L3YPTII-a PLGIOJ5 	 LLG C)

FE3IOJ Jh.3 FED Mi- p	 pp Mt-tY JUJ JLY hUG SEP OCT IJOV DEC

3.41 5 . 11 6 . 34 7 . 17 7.66 7.37 7.75 7 . 23 6.60 5.35 3.70 3.47

	

2
	

4.20 5. 17 6 . 40 7 . 16 7.72 7.63 7.61 7.21 6.52 5.40 3.87 3.30

	

3
	

4.32 5 . 53 6.64 7.23 7.35 7.81 7.33 7.43 6.33 5.89 4.69 3.32

	

4
	

3.24 4.95 6 . 23 7.07 7.59 7.59 7.43 7.15 6.43 5.37 3.32 3.33

	

5
	

3.92 5.40 6.51 7.24 7.92 7.84 7.73 7.30 6.64 5.55 4.19 3.80

	

6
	

3.72 5.21 6.41 7.17 7.75 7.79 7.85 7.37 5.67 5.39 3.76 3.26

	

7
	

3.36 5. 25 6.42 7 . 22 7.80 7.91 7.97 7.46 6.74 5. 50 3.35 3. 32

	

3
	

3 . 65 5.11 6.41 7.2/1 7.80 7.99 7 . 93 7.32 6.65 5.43 3.69 3.23

	

9
	

4.02 5.41 6 . 56 7.24 7.33 7.32 7.76 7.31 6.65 5.31 Li. 13 3.32

	

10
	

4.04 5 . 43 6 . 52 7.22 7.39 7.70 7.64 7.22 6.56 5-r116 /1.33 3. 75
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1
2
'3

4
5

4

7
-7

9
LO

147.
f

.

167.
174.
13 3.
167.
134.
156.
r, ',. ri-- C..

2.3.

335.

33?.
27 1.
353.
32?.
33,3.
"-7,s-i-,-).
364.
365.

111.
?4.

133.
153.
147.
97.

I 39.
36.

1 /3.
165.

1Z3.
57.
3 7.

113.
I -77
L ...) •
71.
73.
63.

125.
126.

3
LI
C-

7
-7
)

1...

LO • 't 'x	 TO U2: PrOrii1 TO PF3DUCE :

T/.LL.Z () o:i A S T"LCI I C FLS T 'LT (1)

.rYri. II LOC1L4TIvft. 	 IMY OF £'IOLJT1L

=1/-i.' 15
TYPL IL'i LOCP.T1U[J LOEL :-
(1) UPLLk-J
() ZULUTLth.J
(3) 0PE4 LOUJTF.''

LT 1 11.50 .i.JUF'5 0.1 DR' 15 OF Et-C- 13:iT;

TOT-. I.JSTJTLJLOTh 'EOLF r'ALILTIOJ FItLLIJG 3'J IrOrIO\JTAL PLAJE
LI TI	 3'!7T1kJ FL3IO.JS	 (Th/12)

•PLOIO.J Ji	 FL	 iiP ttPfl .1J-Y JUl UL'! AUG SZP OCT \IOTI DEC

539.
C-,- -
,_J 5-. _) .

.

53.
rc- .

534.
536.
.f.

55?.
553.

7C3.
657.
653.
741.
696.
33 1.
-99.
750.
'7r ,
I _' d

S'4.

737. 31?. .321. 734.
749 . 751. 763 . 53:.
735. 733. 752 . 701.
342. 037. 345. 772.
795. 737. 723 . 726.
774. 734. 31'!. 754.
'-p -, #	 7	 -7 ., -'IJ)	 JJL	 J)J• I

733 . 311. 319 . 733.
793 . 733. 799 . 732.
792. 763. 73 g. 704.

534.
457.
516.
573.
513.
532.
c.C.
_'_) .

522.
525.
423.

263.
I.-

270.
313.
C. I )

246.
263.
250.
331.
254.

5C.;F !s-LiTI Ui CO JT1 ZUTIO I TO f_ILl E IT fI " TE. 121 OUT:r Z'rc:s

Li T.iL _Jy?::.J ::3is (LLC C)

LOU	 J.tJ	 i:	 rr	 ..:'	 .1 .1	 JL!	 iUG	 CL V'	 OCT	 :JJ '1	 DC

2..C. 3.3 .5 5.3 6.22 t.53 5.7 5.73 5.3/i 5.27 0.21 1•Es i.o
.7i 0.57 5.11 5.26 3./1 3.42 5•'5 6.Z3 4.3/i 2.)L . l . 2/i '.32

2.23 3.37 5 . C. 5.93 6.32 3.33 5.42 4 . 13 5. 16 2.23 1 . 33 1.25
..31 4.1/i 5.56 3.37 3.1 5.7) .5.i3 6.51 5.5L 3.75 2.fl 1.,'E
L.'iLI ':.:/.	 .33 5.15 3.3L 3.G	 5.53 5.25 5.17 3.01 2.ç	 1.73

c	 I	 -	 r'	 -	 '	 r-	 7,	 -	 ,'	 r r,	 '	 ,-r	 -

	

• )L	 ..	 ) s-_J •)•	 L.	 )• ),	 3. j,j _,• _j	 _•	 SI	 _,	 •

.4L 3 . J	 5.23 5.17	 .53 6 . 55 3.73 6.52 5.3 3.25 1 . 5	 1.12
..11 0.6_ 5/ :..13 . 3 . S 5.6J 3.72 5.2i 5.l.	 3.:) 1.3
L. 51 A. J 5./U	 .1? 5.31 5.GJ 3 . ')	 5 . 30 5.21 3.32	 .	 1 1. 7

•	 A. ,)	 .	 .	 ,. •5	 5. ?	 3• 5	 ,.	 4 2 . 1:	 .	 1. '
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577.
597.
703.
632.
621.
533.
595.
5314.
621.
635.

525.
524.
607.
513.
558.
520.
524.
519.
560.
557.

LiO YOU TI Si T3 U	 O0riJ TO 7OETTC : -
TELLS () OF L SLCIFIC FESULT (1)
-
TYPL IIJ LOLL TI.JL	 Lhy OF :io J:r
=12, 15
TYPE. IJ LOCiTIOJ LOLE
(1) URLJ
(2) SULUFLi-'J
(3) OPEJ OtiTFY
=2

T 12. i0 iOUPS OU DY 15 OF LJCH 113:JTi

TOTnL I.JSTt-JTA.JEOUE ZOLAF FAEIATI3 I FALLI JG Ot'J HOFI O JTAL PLAi:
Li T.L. E3YPTIJ F_GIOJ5 ("1:12)

FL3IOt	 Ji-	 F.L !IAF	 L1AY JU.J JLY AUG SEP OCT	 J3!7 s:c

2

14

5
6
7

7
10

53). 736. 936. 1122. 1222. 1254. 1240. 1151. 997. 733.
609 . 751. 952. 1126. 1230. 1241. 1231. 1152. 991. 795.
661. 329. 1314. 1169. 1256 . 1262. 1263. 1211. 1065. 330.
541 . 730 . 929. 1113. 1230. 1232. 1217. 1141. 991. 793.
535. 773. 966 . 1133. 1243. 1253. 1245. 1167. 1009. 310.
569. 753 . 952. 1126. 1233. 1249. 1250. 1179. 1013. 793.
530 . 757. 952. 1135. 1237. 1260. 1261. 1190. 1022. 805.
555 . 744. 951. 1133. 1233. 1266. 1255. 1170. 1009. 797.
593. 775. 972. 1139. 1245. 1252. 1243. 1163. 1011. 340.
597 . 773. 967. 1137. 1246. 1243. 1234. 1155. 999. 302.

SOLAF F-.DI1TIOJ C3JTIEUTIO I TO A'4EIEAT Al p TEMP. IiJ OUTER SPACES
Ii TALE EOYPTILJ PEGIOJS (EC C)

PL3lOJ JAJ FEE i1AF APR iAY JU	 JLY AUG SE	 OCT 'JO!] DEC

5.30 6.35 7.13 3.31 9.05 9.29 9.19 3 . 52 7.40 6.56 5.52 5.22
5.70 6.42 7.24 3.34 9.11 9.1) 9.12 3.53 7.33 6.61 5.64 5.21
5.93 6 . 76 7.51 3.66 9.33 9.35 9.35 3 . 97 7.89 6.97 6.19 5.70
5.31 6.32 7.15 3.24 9.11 9.12 9.02 3.45 7.37 6.63 5.66 5.14
5.57 6.52 7.29 3.43 9.24 9.23 9.22 3.65 7.47 6.63 5.77 5.41
5.143 6.43 7.24 3.34 7.13 9.25 9.26 8.74 7.50 6.60 5.59 5.13
5.54 6 . 45 7.24 3.41 9.17 9.33 9.34 3.32 7.57 6.66 5.63 5.21
5 . 45 6 . 39 7.2/4 3.43 9.17 9.33 9.30 3.67 7.43 6.62 5.56 5.13
5.62 6.53 7.31 3.44 9.22 7.23 9.21 3.65 7.49 6.31 5.77 5.43
5.64 6.54 7.29 3.42 9.23 -9.21 9.14 3.56 7.1i3 6.64 5.34 5.41

2
Si

4
5
6
7
-7
C-)

9
10
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531.
505.
559.
577.
536.
520.
534.
523.
574.
526.

359.
355.
415.
429.
392.
362.
373.
355.
394.
405.

3113.
315.
373.
336.
362.
327.
332.
324.
363.
364.

FY
LiO YUL' TI 1 TO 115L	 FOCFi TO PFUL.iUCL. :-
TL-LLLS () OF i 07uI FIG 1S TJLT (1)

TYP. Li LOLLL TIi'IL . LY OF 1OJT{
=1L 15
TYFL I I LOGTIOJ COLI
(1) UYLJ
(2) SULUFLi
(3) O]L4 COUJTPY
=2

.T 14. C iJUFS 0_i LY 15 OF Ei.tCd	 3:JTI

TuTL. ILJ5Ti-JTilJLO"S SOLP FAIATIO I FILLIJC 3 J 1O'IO JTAL PLPIE
Ii LI: L3'TIJ r_cio Is O'/.12

PL3IOi JJ F_Li iIjP -P"	 ' JUJ JLY AUG SEP OCT J3Y7 DEC

431.

	

2	 Lj 43.

	

3
	

453.

	

4	 449.

	

5
	

427.

	

6	 416.

	

7
	

427.

	

(3	 409.

	

9	 439.

	

13
	

440.

532. 765. 914. 937. 1022. 1025. 949. 773.
559. 743. 375. 955. 969. 977. 953. 725.
615. 784. 337. 945. 955. 973. 923. 772.
633 . 316. 957. 1044. 1055. 1062. 994. 022.
597. 774. 903. 937. 995. 1005. 939. 760.
530. 763. 395. 976. 996. 1016. 953. 770.
534. 764. 937. 931. 1003. 1029. 971. 733.
567. 759. 906. 973.1012.1019. 945. 763.
602. 735. 909. 933. 993. 1008. 945. 766.
604. 777. 904. 937. 935. 995. 923. 750.

SOLAR F-LdATIOii COJTPILUTIOLJ TO A4LIJT AIR TEMP. Ii OUTER SPACES
1.1 LIE EGYPTIJ PE.GIOJS (DEG C)

RE3101 JAJ FE3 lIAR APR Lif.Y JU'J JLY	 tUG SEP OCT NOV DEC

4.37 5.55 5.49 7 . 13 7.36 7.57 7.60 7.23 6.52 5. 25 4. 13 3.96

	

2
	

14 . 65 5.42 6 . 33 6.95 7.25 7.33 7.33 7.37 6.30 5.09 4.02 3.68

	

3
	

4.74 5.74 6.57 6.99 7.21 7.25 7.31 7. 15 6.51 5.42 4.48 4. 16

	

4
	

4.72 5.33 6.71 7.26 7.73 7.81 7.37 7.39 6.73 5.54 4.58 4.26

	

5
	

4.56 5.64 6.52 7 . 06 7.36 7.39 7.45 7. 19 6.46 5.23 4.30 4.07

	

6
	

4.43 5.54 6.47 7.02 7.32 7.39 7.53 7 . 26 6.50 5. 18 4.07 3. 79

	

7
	

4.56 5 . 57 6.43 7.07 7.3 14 7.47 7.62 7.31 6.56 5.27 4. 13 3.33

	

3
	

4.43 5.46 6.46 7.07 7 . 33 7.49 7.55 7.21 6.47 5.20 4.02 3. 76

	

9
	

4.64 5.67 6.57 7 . 03 7.36 7.40 7.46 7.21 6.49 5.51 4. 32 4. 12

	

10
	

4.66 5.67 6.54 7.06 7.36 7.36 7.39 7. 15 6.41 5.22 4.43 4. 33

759



LC "01 '11 5'i TJ T	 O1't-1 TJ	 I'O LUC.L : -

	

() 'J	 i S.iIFIC FaULT (1)
=0
TYP. I J L.O0.L TILIL. 	 LY 0Y •:JJT1
= 1 2 1 5
T"L II LOCiTIOJ ODD:
(1) ur_.i
(2) UL.1TLJ
(3) JP_.J OOTtJTfl'
=3

£T 12. .0 • jJT' S 0.1 iY 15 0	 L.C1	 O.JTI

TOT..L I JST TJL0'L'5 OL[.P FALIi-iTI3J FALLI JG OJ 110 FI3JTLL LLJ
Ii T.L. L3YPTI_J	 GI3 J5	 ('/ Y)

F3I0J J-J FL	 A7	 .1[tY JU.i LJLY AUG SP OCT .J0T DEC

C

3
Li

5
U

7
'3
9

10

673. 6 1 2.
69 LI. 51 7.
001. 710.
702. 612.
713. 643.
t7	 613.
692. 616.
633. 6 1 2.
713. 646.
72/i. 64/i.

633. J23. 1317. 1202 . 1.3L4. 1333. 1324. 1235. 1030. 374.
5)5 . 3/iD. 13/i. 1207. 1312. 1327. 1319. 1237. 1079. 333.
761. 922. 1101. 1256. 1342. 1352. 1352. 1279. 1155. 973.
642. 323. 1315. 1193. 1313. 1321. 1306. 1230. 1031. 393•
675. 357.1044.1217.1326.1339.1329 . 1251 . 1093 . 893.
662. 341. 1033. 1207. 1314. 1335. 1334. 1260. 1096. 334.
671 . 344. 1333. 1214. 1313. 1344. 1342. 1269. 1104. 394.
660 . 334. 1033. 1217. 1313. 1349. 1333. 1253. 1093. 338.
632. 353.1050.1213.1324.1333.1323.1252.1095 . 923.
635 . 362.1046.1217.1326.1331.1321.1242.1036. 393.

soLtR rADI.-TI0J Co:JTFdLuTIOJ TO AMEIE'JT AIR TP. IJ OUTER SPACES
Li T-1E E3YPTI-I RLGIO.JS (DEG C)

RE3IO'J Ji-LJ FED nAP /tPP MAY JUAJ LJLY AUG SEP OCT 'JO TJ DEC

5.33 6.73 7.54 3.90 9.66 9.91 9.31 9.15 3.03 6.94 6 . 04 5.72

	

2
	 6.15 6.31 7.65 3.94 9.72 9.34 9.77 9.13 7.99 6.99 6 . 15 5.75

	

3
	

6.46 7.13 3.15 9.30 9.9410.0110.02 9.62 3.55 7.31 6.64 6.22

	

4
	

5.33 6.74 7.52 3.37 9.73 9.77 9.53 9.11 3.01 7.02 6.18 5.72

	

5
	

6 . 05 6.87 7.73 9.01 9.82 9.92 9.35 9.27 3.09 7.04 6.24 5.89

	

6
	 5.99 6.31 7.65 3.94 9.73 9.39 9.33 9.34 8.12 6.93 6.11 5.72

	

7
	

6.03 6.82 7.65 9 . 00 9.76 9.75 9.94 9.40 3.13 7.02 6.14 5.74

	

3
	 5.97 6.73 7.65 9.02 9.76 9.97 9.91 9.23 8.10 7.00 6.09 5.72

	

9
	 6.09 6.33 7.77 9.02 9.31 9.91 9.34 9.27 8.11 7.13 6.24 5.90

	

10
	 6.10 6.39 7.75 9.01 9.32 9.36 9.73 9.20 8.0/1 7.02 6.29 5.39
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-,	 -.	
J	 -	 - - .. -	 Tu	 JL''.	 -

c	 e	 -	 -	 --	 re- -

	

.1	 -

-	 TF	 •'	 -'--	 -	 -L.. ..	 -	 _.	 .-	 j I	 )

1-L 1L
T'. IS iJ	 TiJJ C,JL. :-
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FPPENOIX A3 : THE STANDARD EFFECTIVE

TEMPERATURE, SET, AS AN INDEX FOR THE

EXTERNAL ENVIRONMENT



A3.1 Standard Effective Temperature

The standard effective temperature (SET) is the index

developed by Gagge et al (1) and adopted by ASHRAE. It

is widely used by engineers, and Ilarkus (4) has suggested

that its results agree closely with those of Fanger

(3) over a large part of its range. The definition of SET

requires first the defining of two other terms, the opera-

tive temperature (t 0 ) and the humid operatuve temperature

(tQh).

The Operative Temperature (t 0 ) is defined as the uniform

temperature, ie ta = tmrt pf an imaginary enclosure in

which man exchanges the same dry heat by radiation and

convection as in the actual environment. Thus:

t	 = (h t	 + h t)/(h	 + h)
0	 r mrt	 C a	 r	 C

where h and h are the radiation and convection coef-
r	 c

ficients respectively.

Therefore the operative temperature can be equated with

the globe thermometer whose convection and radiation

coefficients are in the same ratio as for the body (5).

It can be seen from the above equation that the measured

or computed value for operative temperature will depend

on air velocity, since this will affect the value of hcs

The higher the air velocity, the nearer the value of

operative temperature (t 0 ) will lie to that of air temp-

"' erature (t).

The operative temperature determines the dry heat loss

from the body, and since the relative effects of air

temperature and mean radiant temperature will change

with different air velocitie5 it is necessary to compute
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to for each of the five values of air velocities used

for the internal thermal comfort charts. However, for

the external environment the mean radiant temperature

contribution cannot be taken into account, and instead

the direct contribution ol' solar radiation ( t 51 ), both

the beam and the diffused components, will be consid-

ered. The external mean radiant temperature, tmrtx

will be the sum of the air temperature, t 5 , and the

solar contribution to air temperature, t 5 . Thus:

tt	 = t	 + t	 (A3-1)
X	 sr	 a

The external mean radiant temperature, tmrtx has the

same meaning as the operative temperature, t o , and

also takes into consideration the strong radiation from

the sun. Therefore, in evaluating environmental con-

ditions consideration 0?	 should give a more

accurate assessment than if using operative temperature

or ambient air temperature. In this research this

temperature will be referred to as the external opera-

tive temperature, and equation (A3-rl) will be:: 	 '

t	 = t	 + t	 (A3-2)
ox	 sr	 a

Computation of the total solar radiation intensities, as

well as their contribution to air temperature, has been

done by means of the computer program in Appendix A2.

2 The Humid Operative Temperature (tOh) deals with the

humidity of the environment. It is defined as the uni-

form temperature of an imaginary enclosure at 100%

humidity, in which man will exchange the same total

heat by radiation, convection and evaporation, at the

same mean skin temperature (tSk) and skin wetness (w)

'	 which occur in the actual environment. Gagge defined

the corrected effective temperature, ET*, as the uniform

temperature of an imaginary enclosure at 50% RH in which
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man will exchange the same total heat at the same skin

temperature as occurs in the actual environment. Thus

the ET* is a single index for air temperature, radiation

arid humidity where the air velocity is the same both in

the real environment and in the imaginary enclosure.

The Standard Effective Temperature (SET) is a further dev-

elopment of ET* in which any environment, clothing and

activity level is expressed in terms of a uniform environ-

ment ( ta = tmrt) standardized at 50% relative humidity,

0 • 125 rn/s air velocity, activity of 1 met (sedentary act-

ivity 58 W/m2 ) and clothing of 0'6 do (normal lightweight
indoor clothing). Thus SET expresses the integral effect

of any combination of four environmental variables, and of

both clothing and activity, in one temperature index.

A person engaged in sedentary activity, dressed in light

indoor clothes, present in a uniform environment at a

relative humidity of 50% in still air will have the same

thermal sensation as that of SET. This is a familiar,

easily imagined environment, which includes most of the

thermal forces likely to affect human comfort; it also

covers a wide range of environmental conditions. f9arkus

(4), depending on the work of Gagge (2) and Fanger (3),

has charted for a wide variety of environmental conditions

where the degree of skin wetness (w) is marked ad repre-

senting the equivalent percentage of the body which is

covered with moisture.

When w = O06 no sweating occurs, and the amount of mois-

ture present is that necessary for skin diffusion. As w

increases above about 0'2 discomfort level increases, and

at u = 1'O the limit of tolerance is reached. Any condit-

ions warmer than this will lead to body heating, damage
4

and death. Also marked on the charts is the degree of'

discomfort, DISC. This will be positive for hot conditions,

negative for cold conditions, and zero for thermally neutral.
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The optimum comfort zone is marked by ± O5 DISC, while

± I'O DISC marks the desirable comfort zone. The ambient

air temperature, tas can be used as the abscissa, if there

is no significant radiation effect. If there is a moderate

source of radiation the operatuve temperature,t 0 , can be

used, and when there is a strong radiation source, eg

heaters or solar radiation in the external environment,

the external operatuve temperature, tax, should be used.

3.2 General Characteristics of SET

The charts for Standard Effective Temperature shown in

figures (A3.1) to (A3.1O) illustrate the expected human

physiological and sensory responses to the surrounding env-

ironment. At low temperatures and activity levels the

lines of SET, DISC and w are almost vertical, indicating

the minimal significance of the evaporative cooling effect

and consequently the minimal effect of environmental

humidity. In warm conditions and light activity levels

lines of DISC crowd together, indicating that discomfort

is now a function of body temperature rather than increa-

sing sweat rate. While the value of w may only be in the

region of O5 the average maximum possible sweat rate is

about 500 g/m 2h which is another ]4mit on sweating. At

higher humidities the sharp curvature of the DISC lines

emphasises the great increase in discomfort resulting when

the limit of evaporation of sweat is reached.
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.3 Thermal Comfort Prediction Procedure

The process of predicting thermal comfort using the

Standard Effective Temperature index is as follows:

a) Calculate t0 , from equation (A3-2)

t	 =tox	 sr	 a

where tsr is the contribution of solar radiation to

air temperature (computed from Appendix A2), and ta is

the ambient air temperature.

This is used as the external operative temperature for

evaluating external conditions during the day.

b) Find the appropriate comfort chart in accordance with

the known air velocity, relative humidity and activity

and clothing types.

c) Find the point representing the above conditions on

the comfort chart.

This process is illustrated in figure (A3.1).
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Figure (A3.1) Standard Effective Temperature chart 1 (4).
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771-



5

1

0
)

4

Coa

3.i

14a
2 

1-4

a
a.

Ambient, Operative or Solar temp T

kiHffl Optimum	 SET
c-z

DISC

____3Deeirebl.
1-	 lc-z	 .--.-

Figure (143.4) Standard Effective Temperature chart 4 (4).

P1 1 ' )
t 1 4..



5

4

a,

a,
a,
a,
'4
Q.

0
a,

-5 0	 5	 10 15 20 25 30 35 40 45
Ambient, Operativ, or Solar temp T5

Pllff 
Ojium	 SET

Desirable
1	 -lc.-z	 _u

Figure (A3.5) Standard Effective Temperature chart 5 (4).

773



)

3

'4

l0

'4
0.

0
0.

Ambisnt, Op.rativ. or Solar temp

Optimum	 SET

c-z

DISC

-I De5irablec-z
Figure (P3.6) Standard E??ective Temperature chart 6 (4).

77 1



5

1

0

4

a

314

C,
0)

14
a
14

2:,
C
a

Ambient, Operative or Solar temp

_____- Optimum	 SET

DISC

I	 Decirabi.
I	 ICZ

Figure (A3.7) Standard Ef'?ectiva Temperature chart 7 (4).

7,75



1

3

a.

314

a,
14
a
14

0
a
S

Ambient, Operative or Solar temp 15

____ Optimum	 SET
C-z

DISC

_____ Desirable
F	 lc-z	 U

Figure (A3.8) Standard Effective Temperature chart 8 (4).

776



5

4

1

3

U,

0

0

-. 5	 0	 5	 10	 15	 20 25 30	 35 40
	

45
Ambient, Operativ, or Solar temp T5

Optiu	 5ET

DISC
De8irable
c_z

Figure (A3.9) Standard Effective Temperature chart 9 (4).

777



S

1

a

S3.i

I,
S
14
a
'4

0
a
S

Abisnt 0 Qp.rstiv. or Solar teep T

1mT	 Qptimu*	 SET
JtflBtIThI c.'z

--- DiSC
_____ Desirable
___&u.z

Figure (A3.1Q) Standard Ef?ective Temperature chart Ui (4).

778



References

1 Gagge, A P,
Gonzalez, R R,
Nishi, Y

Standard Effective Temperature -
&	 a single index of temperature

sensation and thermal comfort'.
Proceedings of CIB Symposium W45
Building Research Station, Sept 72
H1SO, London, 1973.

2 Gagge, A P,	 'Physiological and Physical factors
Gonzalez, R R, &	 governing	 thermal comfort,
Nishi, Y	 dieomfort and heat tolerance'.

Build International, 7, Applied
Science Publishers Ltd, London,
1974

3 Fanger, P 0	 'Thermal comfort: analysis and
applications in environmental
engineering'. McGraw-Hill Book Co
New York, 1974.

4 Plarkus, I A &
Morris, E N

5 Humphreys, M A

'Building, Climate and Energy'.
Pitman Publishing Ltd, London,
1980.

'The Optimum diameter for a globe
thermometer for use indoors'.
BRE Current Paper CP 9/78, HMSO,
London, 1978.

779



APPENDIX A4 : WIND TUNNEL ARRANGEMENTS



A4.1 The Wind Tunnel

The wind tunnel of the Department of Architecture and

Building Science is of the open circuit, low speed type.

Its design is similar to that of the Building Research

Station ( 2 ). it has overall dimensions as follows:

length 7 m (23 ft), breadth 33 m (10 ft 9 in) and height

22 m (7 ft).

The working cross section suggested by Ruxton ( 1 ) is

one metre square. The air flow is generated using an

axial flow fan placed at the down stream end. The wind

tunnel is located at one end of the structural laboratory,

and at a distance of 0'38 m from the wall.

A4.1.1 Description

The tunnel is shown in fig.(A4.1) and consists of six

main parts:

At the windward side is the Entry Bell Mouth. Its

main function is to produce an even and non-turbulent

air stream entering the tunnel. It has a clear

internal area of 1'73 x 173 m2.

2	 The Square Section is a straight section of the same

inner area as the Bell Mouth. It allows incorporation

of the air straightening devices, mainly a honeycomb

and smoothing gauze. These ensure that the air flow

is horizontal, parallel to the axis of' the tunnel, and

free froi large-scale turbulence.

3	 The Entry Contraction is incorporated to conserve fan

power and improve laminar flow. It is a truncated
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Architecture and Building Science (A Abdin)

782


