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Air temperature
Radiant temperature

Diameter of globe thermometer
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Air velocity.

Water vapor partial pressure.

Convection heat transfer coefficient, (W /| h¢

m?.k).

Clothing surface temperature.

(Adaptive thermal comfort) Bl &y et i1 J1

DU sl Jias Actual mean vote
2)laill 3, 41 | Operative temperature

SIobl s e Lo g Relative air velocity

Lot Joles Correlation between AMV and T,
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To
Vair
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RH
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of air ('C)

T
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Area (m?)

Air change per hour (h™)

Adaptive Thermal Comfort Line

Buoyancy force (N)

Drag coefficient on droplet (dimensionless)
Empirical constants in the realizable k-¢ turbulence

Specific heat at constant pressure (J/Kg.K)

Drag force (N)

Diameter of droplet (m)

External body force in i" direction (N/m®)
Gravity (N)

Height of computational domain (m)

Convection heat transfer coefficient (W/m?K)
Mass transfer coefficient (kg/sm?)

ISO7730 Line

Enthalpy of water at temperature of 0 "C (KJ/Kg)
Enthalpy of moist air (KJ/Kg)

Specific vaporization enthalpy (KJ/Kg)

Thermal conductivity of air (W/mK)

Distance between water nozzles and reservoir (m)
Mass or mass flow rate (Kg or Kg/s)

Number of water droplet

Heat transfer (W)

Cooling demand for room (W)

Relative humidity (%)

Annual average temperature

Temperature ('C)

Velocity (m/s)

Dimensionless velocity
Dimensionless wall coordinate

Greek symbols

Scalar property (k or ¢€)
Diffusion coefficient
Dynamic viscosity (Pa s)
Kinematic viscosity (m%/s)
Density (kg/m°)
Humidity ration (kg/kg)
Dimensionless terms

Le Lewis factor (ha/Cghrm)

Nu Nusselt number (h,dg/k,)
Pr Prandtl number (C, k)

eocTE &

Re Reynolds number |ug-U|dg/v
Subscript

a Air

c Convection

fcc Air flow in evaporative cooling
channel

d Droplet

db Dry bulb

e Evaporation
infout  Inlet/Outlet

H Height

ma Moist air

p Point near wall cell
r room

sw Saturated water
v Vapor

W Water

Wb wet bulb
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Cooling loads

Energy performance

Study Tools

Questionnaire

Thermal environment
Adaptation

Heat exchange by radiation
Heat exchange evaporation
Heat exchange by conduction

Thermal exchange with convection
currents
Evaporation cooling

Thermal stratification
Glazing

Evaluation of thermal comfort
Thermal balance
Radiation Temperature
Scenarios

Thermal comfort

Air Relative humidity
Thermal stack effect
Geothermal

Fossil energy

Thermal comfort factors
Physiological factors
Thermal gain
Simulation

Software inputs
Thermal sensation index
Indicators

Metabolic activity
Individual Activity

The adaptive model

The objective model
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! Jomehzadeh, F. (2017). A review on wind catcher for passive cooling and natural ventilation in buildings,
Part 1: Indoor air quality and thermal comfort assessment. Renewable & S. E. R, 70, 736-756.

* World Health Organization (WHO). (1999). Health is a state of complete physical, mental and social well-
being and not merely the absence of disease or infirmity. 42" ed. Geneva: World Health Organization:;.

3 American Society of Heating, Refrigerating and Air-conditioning Engineers, Inc, ANSI/ASHRAE Standard
62.13, 2013. Ventilation for Acceptable Indoor Air Quality (USA).
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* Ogbonna, A. C., Harris, D. J. (2008). Thermal Comfort in Sub-Sahara Africa: Field Study Report in Jos-
Nigeria. Applied Energy, 85 (1), 1-11.

> Modeste, K. N., Tchinda, R., Ricciardi, P. (2014). Thermal comfort and air movement preference in some
classrooms in Cameroun. Revue des Energies Renouvelables, 17 (2), 263-278.

6 Kumar, S., Singh, M. K., Loftness, V., Mathur, J., Mathur, S. (2016). Thermal comfort assessment and

characteristics of occupant's behavior in naturally ventilated buildings in composite climate of India,
Energy Sustain, 33, 108-121.
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comfort perception of nurses in a hospital ward work environment. Building and Environment, 140, 119-
127.
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ol i b 3.1.1.3
! (Fanger)” =" 35¢ 1] Ll (Basic language) dugl> a2, dx) oludl 3 posza|
AU VM 8 oLl o el 3ysSa (Clud) ol az ) falgall ul3
ralled)) 54 ol —
T_0=AXT_a+(1-A)XT_r (ke dsgdhy o (01)
Where (&=):

Ta= Air temperature (o° <lsb! 3/,~).

T:= Radiant temperature (»° &slasyl 3),4)).

0.5 for Vair <0.2m/s
A=106 for 0.2 < vy, <0.6m/s
0.7 for 0.6 <vyr<1lm/s

And (I BLoYL):

4 025x108 _ (|TgxTql 0.25 0.2
T, = (1, +273)" + x (P229) x(1,-1,)|  -273

€g D
e (02)

Where (&w>):

D= diameter of globe thermometer (»° (L& &Y clogd) 51 L3y,
gg = 0.95.

Ty= temperature of globe thermometer (<»° elssnd) 31 5>,

Ta= air temperature (2 sls! 3)\,~).

Va=air speed (U/p ¢lsdl ae ).

PMV = (0.303e7%036M 4 0,028) x {(M — W) —3.05 x 1073 x [5733 — 6.99(M — W) — P,] — 0.42 X
[(M —W) —58.15] — 1.7 x 10~°M (5867 — P,) — 0.0014M (34 — t,) — 3.96 X 1078fcl x [(td +

273)* — (& +273)"| = felho(ta =t} oo (3)

1150 7730:2005.
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Where (&w>):

tq = 35.7 = 0.028(M — W) — ,{3.96 x 107 x fcl X [(te + 273)* — (& +273)"| +
fel X he(tep =t} oo, 4)

L {2.38(tcl —t,)0?%° for 238X |ty — t,|%%° > 12.1V,,
‘| 1217, for 238X |ty — 4|25 > 12.1/V,,

2K

( m?k
100+ 1290 x 1y for Iy <0.078
fel mW
1.05 + 0.645 X ICl fOT Icl > 0.078 T

Where (&):

M : metabolic rate (*s/<ly (231 Jas).

W : effective mechanical power (Zg/c)\j Jdl bledhy,

lt : clothing insulation, (m?.k / w) (ob/gélgf.zr o e Julas.

Fai: clothing surface area factor (S a>Laws Lalas).

Ta: air temperature (p° ¢lsd) 5,1,~).

tr: mean radiant temperature (ro ielad V) 8y A Lo sie).

Var: air velocity (U/s <lsb! as,m).

P : water vapor partial pressure (JIwl sl s S Larall).

he : convection heat transfer coefficient, (W / m2.k) (Q&S.Zr [l ks 8, 41 Jlashy.

to : clothing surface temperature (»° LUl e 3l 3.

PPD LoJl pds ds Ol —

PPD=100-95xexp(-0.03353xPMV*-0.2179xPMV?2)
..(3)

Woal s LS7.% 5 2ad Bl wie Lol pie S50 055 "PMV= 0" 2adl e

Ayl a1 ddlaie 3315 8y "PPD < 10" O "0.5< PMV < 0.5-"
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13V a5 |(ASHREA 1S0: 10551) "s,4T"
Jes) I o Bl Y1 o5y il ol (3 et S "PMV ol g Ol Y iy
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wHA e By N B) e JB 2y (s
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Sl JS3 %5 5o J5 Y ) il -

Il ae 15520 2015 2°0.8 o ol sl el 3Tl a1 a3 0Y STl e olall 57—

22 Gused 5 O L)

! International Standardization Organization, EN 1SO 10551. Ergonomics of the thermal environment,
Assessment of the influence of the thermal environment using subjective judgment scales.
2 American Society of Heating, Refrigerating and Air-conditioning Engineers, Inc, ANSI/ASHRAE Standard
62.1e2013: Ventilation for Acceptable Indoor Air Quality, Atlanta, USA, 2013.
3 Maykot, J. K., Rupp, R. F., Ghisi, E. (2018). A field study about gender and thermal comfort temperatures
. in office buildings. Energy and Buildings, 178, 254-262.
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! American Society of Heating, Refrigerating and Air-conditioning Engineers, Inc. (2013). ANSI/ASHRAE
Standard 62.1e. Ventilation for Acceptable Indoor Air Quality. USA.
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3539 @A ol b s Bnall Bl oen o L BB 36 s i) (3 ) as -
Slagld) Cali gy 5.4 Joadt Plaslal (3 oSl I5 o s (S S 3y AL
ek lin
(ot f) Joad) pladl s Bylodt 8l dyluty
(5 gl ) i) 2agl) lshall 12016 ugle 30 agy —
5/p 0,655 0.25 cnr il 3 s 223715 217 oy iomlh) 5,k g3 5
90 18 o)) il psb ) (g | - 8
3 ol s s T 28 e i) Bl s ¢ 4 U T e lagy L) 3
1 ol LSl Gl a cslobl e gl £33y 96 50 (1) 96 10 o 8 8 ool
25 i i) b e iy %p 42 )i B Bl i 65 gl (3 Ll il
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73 AT e gl & o 3 414 5 184 0 gl I el sae e
6 L) & 5Lt s [T okl 3y (O] 240 g gams T syl [0 Ol
965 asllall izl e el 29.%
(O B sl oy slaall ] gl e Slsho anyf L 12016 oyl 31 ag -
b 3./ 0.650.4 oo ZL e s 0933.35 30 o )b 5 ol 5 A5
0 28 dony ) ) 4sb ) suas
LA Dy gy e (3 L Cated) e dsiee T 28 e i) Uil s ¢
Ayl Aewg 2 ol SLSU 3le ae 0 25 s mxdlly Gl o
81 143 oo ol £ cxm 3 410 5320 o gyl US° 3 calall se 1515

96 10.7 Ol (3 aSliw s Bl il L3y cOLzes] 238 § 3ot syl ISU Oliza)

! Mavrogianni, A., Davies, M., Taylor, J., Chalabi, Z., Biddulph, P., Oikonomou, E., Das, P., Jones, B.

(2014). The impact of occupancy patterns, occupant-controlled ventilation and shading on indoor
overheating risk in domestic environments. Buildng and Environment, 78, 183-198.

2Cheng, Z., Li, L., Bahnfleth, W. P. (2016). “OP.cit”.
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Jze sy (Arithmetic average) "led! Lol e OLzay) adles 3 dozel
oy 2013 JLuS| cdyws S =lr @ Sl gk i) Ay sl - 3 "PMV"

HASHRAE) "is,T" lgmys

! International Standardization Organization, EN 1SO 10551. “OP.cit”.
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6.0 11 184 10% 18 0.5 21.7 05:30 1

17 55 322 10% 10 0.8 34 13:10 2
28

10 33 330 50% 10 0.25 35.6 16:30 2016 _.,u 30 3

17.6 73 414 25% 10 0.3 31.7 19:10 4

17.4 68 390 25% 42 11 0.65 29 4 20:30 5

21.3 81 380 25% 14 0.6 32.0 13:10 6

18.3 70 381 25% 18 0.6 33.3 16:30 7
28 2016 ., 31

10.7 44 410 0.0% 28 0.4 31.2 19:10 8

13.4 43 320 25% 13 0.4 30.0 20:30 9

45.8 55 120 25% 12 0.5 32.0 04:30 10

37.7 52 138 00% 11 0.95 42.6 13:10 11
28 2015 abs~ 21

22.6 52 230 50% 10 0.25 46.8 16:50 12

19.3 71 368 100% 12 0.95 39.0 21:40 13

21.5 56 260 100% 10 0.45 395 20:00 14
56 iy 23-22

20.9 48 230 100% 11 0.45 354 21:40 15

2015

36.4 40 110 50% 42 26 1.0 30.4 04:30 16

25.7 81 315 0.0% 20 0.25 22.0 13:10 17

25.0 82 327 0.0% 28 20 0.25 225 16:30 2016 L5102 18

16.9 67 397 0.0% 23 0.2 21.0 20:30 19
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24.2 1.0 18 0.2 0.36 24.2 0.26 24.2 1
26.8 0.25 23.3 0.3 0.1 27.7 0.17 26.9 2
28.2 1.0 24.8 0.42 0.38 28.2 0.17 28.2 3
28.3 0.25 24.4 0.35 0.25 28.1 0.17 28.4 4
26.8 1.2 26.3 0.29 0.36 26.9 0.2 27.1 5
29.8 1.1 31.8 0.6 0.21 29.8 0.18 29.9 6
29.9 1.9 29 0.42 0.3 29.9 0.17 29.9 7
28.6 2.9 36 0.21 0.17 28.7 0.17 28.6 8
27.6 1.0 21 0.4 0.23 27.6 0.19 27.7 9
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23.0 2.3 39 0.2 0.25 22.9 0.16 23.1 19
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! Kumar, S. et al. (2016). An adaptive approach to define thermal comfort zones on psychometric chart for
naturally ventilated buildings in composite climate of India. Building and Environment, 109, 135-153.
2 International Building Code. (2006). International Code Council. ISBN 1-58001-251-5.

3 Tavridou, A. D. S., Prinos, P. E. (2013). Natural ventilation of buildings due to buoyancy assisted by wind:

investigating cross ventilation with computational and laboratory simulation. Building and Environment,
66, 104-119.

*Chu, C., Chiang, B. (2014). Wind-driven cross ventilation in long buildings, Building and Environment, 80,
150-158.
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! Ramponi, R., Angelotti, A., Blocken, B. (2014) Energy saving potential of night ventilation: sensitivity to
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! Tavridou, A. D. S., Prinos, P. E. (2013). “OP.cit”.

2 peren, J. 1., van Hooff, T., Leite, B .C. C., Blocken, B. (2016). CFD simulation of wind-driven upward

cross ventilation and its enhancement in long buildings: impact of single-span versus double-span
leeward saw tooth roof and opening ratio. Building and Environment, 96, 142-156.
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AMV =
0.1159T, — 3.102 (R? = 0.8545) for  vgy =04 m/s (2)
Where: &>

AMV: Actual mean vote (QLA-\ Cosadl Jdas).

To: Operative temperature (dlxdl 3\ 4).

V,ir: relative air velocity, (M /) (sls! ds w Lo g20).

R correlation between AMV and To (Jail i1 fules).
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398
A Area (m?) Greek symbols
ACH Air change per hour (h™) o) Scalar property (k or ¢€)
ATCL  Adaptive Thermal Comfort Line r Diffusion coefficient
B Buoyancy force (N) u Dynamic viscosity (Pa s)
Cq Drag coefficient on droplet (dimensionless) v Kinematic viscosity (m%/s)
Cu Empirical constants in the realizable k-¢ turbulence | p Density (kg/m?)
model ® Humidity ration (kg/kg)
Co Specific heat at constant pressure (J/Kg.K) Dimensionless terms
D Drag force (N) Le Lewis factor (h./Cyhp)
dg Diameter of droplet (m) Nu Nusselt number (h,dg/k,)
fi External body force in i" direction (N/m®) Pr Prandtl number (C, wk,)
G Gravity (N) Re Reynolds number |ug-u,|dg/v
H Height of computational domain (m) Subscript
h Convection heat transfer coefficient (W/m?K) a Air
hm Mass transfer coefficient (kg/sm?) c Convection
ISOL ISO7730 Line fce Air flow in evaporative cooling
itgwo Enthalpy of water at temperature of 0 'C (KJ/Kg) channel
ima Enthalpy of moist air (KJ/Kg) d Droplet
iy Specific vaporization enthalpy (KJ/Kg) db Dry bulb
Ka Thermal conductivity of air (W/mK) e Evaporation
L Distance between water nozzles and reservoir (m) infout  Inlet/Outlet
m Mass or mass flow rate (Kg or Kg/s) H Height
Ng Number of water droplet ma Moist air
Q Heat transfer (W) p Point near wall cell
Q: Cooling demand for room (W) r room
RH Relative humidity (%) sw Saturated water
Tm Annual average temperature v Vapor
of air ('C) w Water
T Temperature ('C) Wb wetbulb
u Velocity (m/s)
u Dimensionless velocity
y Dimensionless wall coordinate

3.6 J}v\;.-\

Physical, geometric and environmental properties of proposed system.

Parameter Size
Mumber of floors 2100
Dimension of each room (3xy.2] 400 m = 400 m = 3.125 m
Wall thickness 045 m
Dimension of inlet air gate to the room 100 m = 0290 m
.z}
Height of window (z) 1.80 m

Range of aperture of window ()

Dimension of wind catcher [xy.z)

Dimension of inlet air gate to the wind
catcher (y.z)

Range of wind velocity

Distance bebween water spraying nozzles
and reseroir

Dimension of computational domain (xy.z]

Velocity of water droplet leaves spraying
nozzles

Initial diameter of water droplet

Arnbient air temperature

Ambient air relative humidity

005 m- 128 m
100 m « 100 m « 1800 m
1.00 m = 1.00 m

020 m)s—12.80 my's
500 m, 8.00 m and 1000 m

12000 m = G000 m = 7200 m
0,10 mys

0013 m
30UD0—45.00 “C
TOU0—S0. (e
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Set boundary conditions:
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Solve equations:
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A Area (m?)
ACH  Air change per hour (h™)
ATCL  Adaptive Thermal Comfort Line

B Buoyancy force (N)

Cq Drag coefficient on droplet (dimensionless)

C. Empirical constants in the realizable k-e turbulence
model

G, Specific heat at constant pressure (J/Kg.K)

D Drag force (N)

dg Diameter of droplet (m)

fi External body force in i" direction (N/m°)

G Gravity (N)

H Height of computational domain (m)

h Convection heat transfer coefficient (W/m?K)

hm Mass transfer coefficient (kg/sm?)

ISOL ISO7730 Line

ifgwo Enthalpy of water at temperature of 0 'C (KJ/Kg)
Ima Enthalpy of moist air (KJ/Kg)

iy Specific vaporization enthalpy (KJ/Kg)

Ka Thermal conductivity of air (W/mK)

L Distance between water nozzles and reservoir (m)
m Mass or mass flow rate (Kg or Kg/s)

Ng Number of water droplet

Q Heat transfer (W)

Qr Cooling demand for room (W)

RH Relative humidity (%)

Tm Annual average temperature

of air ('C)

T Temperature ('C)

u Velocity (m/s)

*

[

Dimensionless velocity
Dimensionless wall coordinate

*

<
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Greek symbols

Scalar property (k or €)
Diffusion coefficient
Dynamic viscosity (Pa s)
Kinematic viscosity (m?/s)
Density (kg/m°)
Humidity ration (kg/kg)
Dimensionless terms

Le Lewis factor (ho/Cyhy)

Nu Nusselt number (h,dg/k,)
Pr Prandtl number (C, wk,)

soODcTE e

Re Reynolds number |ug-u|dg/v
Subscript

a Air

c Convection

fce Air flow in evaporative cooling
channel

d Droplet

db Dry bulb

e Evaporation
infout  Inlet/Outlet

H Height

ma Moist air

p Point near wall cell
r room

swW Saturated water
v Vapor

W Water

Wb wet bulb



Abstract

Cooling use is the major energy consumption in mosques buildings since most Islamic
world has a hot and dry climate. Understanding properly thermal comfort as well as factors
that affects it especially air movement, would help building designs to provide a suitable
thermal environment for occupants with reducing energy health, environment, and
economic costs. Rarely woks have been performed on studying mosques occupants’
thermal comfort and the effect of air movement on it. To study air movement effect on
thermal sensation which is the most suitable index to evaluate thermal comfort, the field
study was based on two ASHRAE 55/2013 models: Objective ISO 7730 and Adaptive ISO
10551, where the study was performed using a typical model in terms of design, hot and
arid climate as well as occupants' personal factors similarities. The chosen mosque has a
movable dome and many shaded windows so to reach 19 scenarios and 1082
questionnaires, the diversification of these scenarios are mainly based on air movement
and temperature. Simulations using EDSL-TAS and CFD followed the investigation to
assess the outcomes on cooling loads and their limits when applied for cooling,
respectively. The study includes as well investigation results effect on the ability to provide
both comfortable and healthy thermal environment at the same time inside the building
when thermal comfort is realized by any cooling means. The results show that: by
providing an internal air velocity v, > 0.4 m/s, the neutral temperature T, increases from
21.3 °C to 26.7 °C which conserve energy from 25% to 60.5% according to air change per
hour ACH values. The wok recommends for accurate results that evaporation cooling isn’t
absolutely the method to rely on when external temperature exceeds 39 °C. Concerning
direct health effect on occupants the study shows that for internal air velocity v > 0.4 m/s

this insures a healthy thermal environment.

Keywords: Mosques buildings, Hot dry climate, Adaptive thermal comfort, Air velocity,

Cooling loads, Evaporation cooling, Non-harmful thermal difference.



RESUME

La climatisation est la principale consommation d’énergie dans les mosquées, car la
plupart du monde islamique a un climat chaud et aride. Comprendre correctement le
confort thermique ainsi que les facteurs qui 1’affectent en particulier le mouvement de I’air,
aiderait le design des batiments a fournir un environnement thermique approprié aux
occupants tout en réduisant les codts énergétiques liés a la santé, a I’environnement et a
I’énergie. Rarement des études ont été consacrées a I'étude du confort thermique des
occupants des mosquées et 1’effet du mouvement de I'air sur celui-ci. Pour étudier I'effet du
mouvement de l'air sur la sensation thermique, qui est l'indice le plus approprié pour
évaluer le confort thermique, I'étude in situ était basée sur deux modéles ASHRAE
55/2013: Objectif ISO 7730 et Adaptive 1ISO 10551, ou I'étude a été réalisée a l'aide d'un
modéle typique en termes de conception, de climat chaud et aride ainsi que les similitudes
des facteurs personnels des occupants. La mosquée choisie dispose d’une coupole mobile
et de nombreuses fenétres ombragées convenable pour atteindre 19 scénarios et 1082
questionnaires, cette diversité des scénarios repose principalement sur le mouvement de
I'air et la température. Des simulations utilisant EDSL-TAS et CFD ont suivi l'investigation
pour évaluer les résultats obtenus sur les charges de climatisation et leurs limites
lorsqu'elles sont appliquées dans le refroidissement, respectivement. L'étude inclut
également I'effet des résultats de 1’investigation sur la capacité a fournir un environnement
thermique confortable et sain en méme temps a l'intérieur de 1’édifice lorsque le confort
thermique est obtenu par tout moyen de refroidissement. Les résultats montrent que: en
fournissant une vitesse d'air interne v, > 0.4 m/s, la température neutre T, augmente de
21,3 °C a 26,7 °C, ce qui permet de conserver I'énergie de 25% a 60,5% en fonction du
changement d'air par heure ACH. L’étude recommande pour des résultats precis, de ne pas
absolument compter sur le refroidissement par évaporation lorsque la température
extérieure dépasse 39 °C. Concernant 1’effet direct sur la santé des occupants, I’étude
montre qu’une vitesse d’air interne Vi > 0.4 m/s garantit un environnement thermique

sain.

Mots clés: Mosquées, Climat chaud et aride, Confort Thermique Adaptatif, Vitesse de
I'Air, Charges de climatisation, Refroidissement par évaporation, Ecart thermique non

nocif.



	صفحة تقديم المذكرة++
	ملخص
	الاهداء
	شكر وعرفان
	الفهرس
	قائمة الجداول
	قائمة الأشكال
	قائمة المعادلات
	معاني الرموز
	ترجمة المصطلحات
	صفحة التقديم-مقدمة عامة
	مقدمة عامة
	صفحة التقديم-الفصل الأول
	عمارة المساجد وتأثير المناخ الحار في التصميم
	صفحة التقديم-الفصل الثاني
	مفاهيم ودراسات حول الراحة الحرارية داخل المبنى
	صفحة التقديم-الفصل الثالث
	دور التهوية في تحسين الأداء الطاقوي صيفا
	صفحة تقديمية-الفصل الرابع
	حالة وأدوات الدراسة
	صفحة تقديمية-الفصل الخامس
	تحليل ومناقشة النتائج
	صفحة تقديمية-الفصل الرابع
	ترجمة النتائج
	صفحة تقديم-خلاصة عامة
	خلاصة عامة
	صفحة التقديم-المراجع
	المراجع
	صفحة التقديم-الملحقات
	ملحق 4
	ملحق 6
	Abstract Thesis Eng
	Abstract Thesis Fr

