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Abstract

In this work, a test room waauilt in Baghdad city, with (2*1.5*1.5) fin dimension, while the solar chimneys
(SC) were designed with aspect raf@) bigger than 12. Test room was suppliedrnbgny solar collectors; vertical
single side of air pass with ar equals and tilted 45 double side of air passesth ar eques 50 for each pass, both
collectors consist of flathermal energy storacbox collector (TESB}hat covered by transparent clear acrylic s,
third type of collector isarray of evacuated tubular collect with thermosyphon in 45instelled in the bottom ¢
TESB of vertical SC. The TESB wasade rom metallic iron sheets as a shafld fuelled by paraffin wax phase
change material (PCM). The PC&tipported bycopper foam matrix (CFM) tonkance thermal conductiv of wax.
When heat is released from TE&Bthe air,a buoyancy force will be generatedchimney gas. Then a difference in
pressure between inside and outside test roons to induce the air flow to testom through wet corrugated cellulc
pad, where evaporative cooling (E@)cuis. Results of experimental work, that achieved ineJfor 12 to24 hour in
the test day, refer teffectiveness usinEC to decrease the room temperature compafing.system reduces test ro
temperature of up to 8.5~9°2 in 11:00 am to 3:00 pm and highest effectiveness of EC, while minimum reduice
temperature of up to 3% in 8:00pm to 3:00 a. Also, the results showed the affectivityusing the TESBduring the
night time for ventilation and EQwith lower effectivene: than from day time. Theange of EC effectiveness egs
30.5-37.5 with a natural vent, whilthe naximum air change per hour (ACH) equals {8.887), and the maximum
mass flow rate is equal to (36.651 kghhat experimental evaluation of tegstem’s discharge coefficic value 0.371.

Key words. Solar chimney , evacuated tubular collector, phase change material, copper foam matrix.

1. Introduction

The energy consumed for spageconditionin,
for heating or cooling and ventilation, depends
the latitude and altitude of the building. T
consuming of energy dose namly lead to deplete
energy source in our planet, but also lead toase
more amount of C® So,that increass the globe
worming potential and leadplanet to creas
wedher, beside increasing in temperature. M
sources areavailable and can be eroyed as
renewable clean energy. Andolar of the sun is
one of the important sources. $oany researche
and studies have been employed use the sun
energy for cooling and ventilatipmot for huma

comfort only, but in the industrial and agricult.
Maerefat [1] studied th&C and earth to air heat
exchanger (EAHE) to decrease the indo
temperature. Results showed that the perform
of the system depends on the solar radia
outdoor air temperature , beside the configure
between SC and EAHEWith a taller SC in us
the number of required SCs decreases. Other
employedtaller SCs lead to uncomfoSame study
was hinted for the optimum EAHE design for
meter in diameter and 20eter in length. Maerefat
[2] numerically studiedfor a combined system
employing a SC with evaporative cooling ca\
(ECC). Results revealdthat the integrated syst
led to good conditions at daytime in test room e
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at high ambient air temperature about°@) with (SC) that joint together in series configuration;
low solar intensity of 200 Wi/ and relative a vertical fixed SC, and tilted one with%4& angle,
humidity of 50%. Ventilation rate influenced by both instilled at the south oriented wall. As wesl
ambient temperature and solar intensity andevacuated tubular collectors with thermosyphos
configuration between both SC and ECC. Wasfyarray are used. Good accuracy measurement
[3] work, a simulation performance of ventilation instruments tools are used in different measuring,
and evaporative cooling was studied in hot dry beside two types of data acquisition data logger
climate, for simulating test room in Baghdad city DAQ.

Room was supplied by SC from one side, and wet

pad from other. Results showed the ability to 2.1.1. Semi Full Scale Test Room and the

decrease the temperature inside the room to 10 Effective Dimensions of the System
degrees C, in hot dry climate, where the face of SC

oriented to the west. Poshtiri [4] made comparison  tha test room with dimensions (2m length

between two systems (SC-EAHE and SC-ECC).q 5 o width, 1.5 height), supported by SC’s in the

Numerical experiments showed that the SC-ECCgg th oriented wall, while paper fill (pad) insefte

system can prepare good indoor conditions, at l0oWingjge vent window and covered by wind protection
relative humidity of ambient air,

, _and cooling jn north oriented wall. The length of room is bigge
demand of the room. Also, it depicted that thethan from width and height, to clarifying the

system can provide a good thermal condition aftéryapayior of temperature distribution inside room.
sun set. Other type SC-EAHE system results referrpg girycture of test room consists of a wooden
to that, at high ambient temperature and COOI'ngframe, walls are insulated by 4 cm of cork with

load, system can provide a good indoor condition 43 \w/m. k in thermal conductivity, 2.5 cm thick
even at high air temperature and low solar intgnsit it 9 05 Wim. k for glass wool. The outside walls
Presented a comparison between two systems o insulated by marmox with U=2.7 W/@
limited the ability to use the SC-EAHE for low \ hije the roof and floor are insulated by marmox
insulation building, while the best choice for SC- thermo-block with U=1.69 W/AFC. Fig.1, shows
ECC system is with high insulated building, ¢ paper fill (pad), Fig.2. depicts room general

especially in dry climates. Hassan [5] Showed joi5ii5 in 1SO view, and Fig.3, shows the ETC with
results of a case study in Assiut City, for SC and oy racteristics given in table.1. Fig.4. descrites

evaporative cooling. Results showed the effect of g pamatic diagram for the test room in vent and

air flow rate, by the relation between solar EC-mode, that provided with two types of solar

ratI:IIiation, Pfeffswe coefficient (‘j"’ithh area ﬁf solar collectors instrumented with number of velocity
collector. Air flow rate increased when  colledtor’ 4 temperature sensors, table.1, defines all the

temperature increased, the test room temperaturg, nols of Fiq.2
decreased by 10-11.5C from the outdoor y gz
temperature, in the test day 21may-21 August.2 1.2

Mizanur [6] Presented an experimental work, (I'ETlC.TS)
applied a new design of passive solar chimney with
a modern configuration of EC. Where the air ) _
induced through the SC leads the outside hot air to €N Pieces of ETC with Thermosyphon (ETCTS)

pass through the pipe that immersed in outdoord'€ used to collect heat at an inclination angle of
splash water pool. For manipulated air, the 45° and transfer heat to the bottom of the vertical

temperature decreased approximateljCsbelow ~ SC- ETC 50 cminlength and 5.8 cm in diameter is
the ambient temperature, and about Z3below shown in Fig.3. TS consists tife condenser which

the room temperature. Fazel [7] produced a newnstilled inside the TESB, TS's evaporator is

configuration of passive cooling system through inserted in the axial center of double glass ETE an

ventilation mode. The system reduces test roomcOVered by thin aluminum fin. expander tube with

temperature of up to 8C from the atmospheric expander roll tools are used to make a good cbntac
temperature, with ability to decrease room P€tween TS’s condenser and (CFM) in TESB.

temperature during night ventilation.

Evacuated Tubular Collectors

2. Experimental Set Up
2.1. Rig Set-Up

The rig that used in this work consists of
insulated test room, two types of solar chimneys
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Fig. 2. Schematic diagram of insulated test room.
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Tablel,

Description of symbols shown in . 2.

No  Symbol Description Dimension No Symbol description imension
1 w Width of the test rool 148 (cm) 12 CG Chimney ga 6.7 (cm)
Thermal hea (thick=2.7cm
2 H High of the test rool 147 (cm) 13 THS-B w=75cm*H=10
storage bo 5
cm)
3 L Length of test room 200 (cm) 14 A Area inlet to the (75m*11cm)
chimney
Chimney width Area outlet fromr .
4 Cw (THSBW) 75 (cm) 15 Ay, chimney (75cm*8cm)
5 L, ﬁeei(;%:]d system chimn 150 (cm) 16 A Area inlet testrool  (148cm*16)
Head Chimney _ . 0
6 W, protection width 91 (cm) 17 Truse Inside temperatu °C)
7 o, :ﬁ;g chimney protectic 90 ¢ 18  Truses  Surface temperatt  (°C)
Head chimney protectic Covered surfac o
8 St side length 20 cm 19 Tmsesc temperature (C)
Head chimney distanc
between lower side N Temperature ai 0
9 d corner and exit of move 4.5 (cm) 20 Tarine inlet chimney ga (C)
chimney
Head chimney distanc Temperature a
10 dy between top corner ar 18 (cm) 21 Tair-outc pera N (&)
) : outlet chimney ge
exit of moved chimne
Height from A;; to the Wind protectior 12.cm
11 LO, : 115 (cm) 22 cC

base space from windov

0.75 meter in widthThe box filled by copper
foam matrix (CFM), and full refined paraffin we
to form a thermal energy storage. Upper hall
box iscovered by double acrylic clear glass fr
outside, lower halve pais thermally insulated,
and connected to ten evacuated tubular colls,
of 50 cm lengthtilted at 4. The upper side of
TESB that expaed to the sun lighis painted by a
thermally matt black painThe other side of the
storage box (room sideis covered by a acrylic
sheet, with 6.7 cm gap spi and 14.92 in aspect
ratio. Fig.5. shows stepsfor manufacture the
vertical fixed solar chimry.

1 Thermosyphon evaporatod Black Absorption inner laye
2 Thermosyphon condenser Fin of evaporato
3 Vacuum insulation Tube

€entering Tube Stopf

Fig. 3. Evacuated Tubular collector  with

description notes.
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/ind protection

mid CMF-PCM _collector clear ’Z?fé?\ A
-double parallel air flow channel up and
down the MF-PCM in flat box collector

- natural evaporative cooling

ratio of length to the depth 2*(//g=50)
-high =length cos(theta)

flat box collector consist from
rectangular flat galvanized Iron boxes
contain MF-PCM inside it.

glob valve\

water tmk\

/—gplash water

\wind protection

EC mode
series chimney

S :South
direction

N :north
direction

condenser of
thermosyphon

Evacuated solar
collector

Themosyphon

Evaporator of
Themosyphon

Fig. 4. Schematic diagram describing the test roonm vent and evaporative coolingmode.

2.1.3.The Solar Chimney (SC) (room side) is covered by a acrylic sheet, with 6.7
cm gap space and 14.92 in aspect ratio. Fig.5.
Two systems of solar chimneys are used, inshows steps for manufacture the vertical fixedrsola

ventilation with evaporative cooling mode: chimney.
A-A vertical fixed solar chimney system B-Atilt solar chimney system
Vertical built-in chimney for ventilation and EC Inclined SC at 45s used by combining with the

mode. A one meter in he|ght of ga|vanized iron box fixed vertical Chimney system. tilted SC considts o
collector installed at the south oriented wall twit @ three TESB made from iron galvanized boxes that
0.75 meter in width. The box filled by copper foam Painted by a layer of matt black and filled with
matrix (CFM), and full refined paraffin wax, to CFM and semi refined of paraffin wax as PCM.
form a thermal energy storage. Upper half of box is The three boxes are arranged in series configuratio
covered by double acrylic clear glass from outside,along the length of SC and construct a double side
lower halve part is thermally insulated, and chimney gap, with 3 cm in each gap wedth.
connected to ten evacuated tubular collectorspof 5

cm length tilted at 45 The upper side of TESB that

exposed to the sun light is painted by a thermally

matt black paint. The other side of the storage box
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,—_;,,ﬁ

| | Collector of
fixed chimne!

Fig . 5 Sages to manufacture the vertical fixd SC and setup in the test roon

Outline dimensiondor tilted SC are 1.5 m in SC’s boxes covered by 0.4 cm of acrylic cl
length and 0.75 m in widtlas shown in Fig sheet.
.6,The schematic diagrams shown i1 Fig .7.

Tilted chimney

transparent
acrylic cover

Fig . 6 Setup the inclined SC in the test room
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Induced air flows through a duple pass over
flat thin TES box mid collector, with 50 in aspect
ratio for each pass, and that bigger than the

@ - Temperature Sensor Probe for air
- Temperature Sensor probe on plate or buithaterial

A - Velocity Sensor Positic

(PCM+CFM) Iron galvanized mat paint Box

Air inlet to the/

first SC pass

inlet air temperature probe-—~" g

Air inlet to the
second SC pass
serface TC probe-

critical aspect ratio (arl2), to prevent back
flow.

routlet air temperature probe

flat plat collector
with matt black paint

nsulation (wall glass) 2 in,
24 kg/m3 in density

ron galvanized 0.8mm

Distance between transparence sheet and TESB collectors
was 3 cm, amd between TESB and the base of SC was 3cm.

0=30,45,60

2.2. Solar Chimney Components

and

2.2.1. The solar chimney type
working angle in selective mode

In this study, an experimental and
theoretical examination are applied, to select
the active working angle for tilted SC. Right
angle means a good contact between air flow
and SC collector without separation, but this
angle conjugating simultaneously with low
solar intensity. Experimental result, beside
theoretical Fig.10 program simulation result
refer to choice angle, at %5as selective
working angle in this study. Also in this work,
experimentally examining covers three types
of inclined 458 SCs; (flat plate, flat plate with
double pass, flat thermal energy storage box
with double pass). All testes applied for vent
mode only. Results in Fig.11 refer to the
ability of flat plat collector with double pass,
to release heat to air, but with no effect in
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night time, so flat box collector with double
pass is the active SC collector to employing in
vent and EC mode.

2.2.2. The absorber

One TESB are used as SC collector in vertical
chimney, while Three TESBs are used to
construct the tilted chimney collector. The
emissivity of the painted layer of platesis0.095.
and the absorptivity,,=0.9, while the reflectivity

pplate:O-l-
2.2.3. Thermal energy storage material

A combined of paraffin wax, as a phase
change material, and copper foam matrix are
used as a TESM. Where the paraffin wax is
used to storage heat, in sensible and latent
heat regions, while the CFM is used to
enhance the thermal conductivity of thermal
TESM .
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2.2.4. Phase change material (PC}

Many types of paraffin and microcrystalli
wax areexaminedto find the suitable wax. So
two types of paraffin wax argelecte as working
PCM;

-First typea full refined paraffin wax P-600,
used as a TESM with a CFM. This tyis used in
the fixed vertical SC.

-Second wax type it semi refined paraffi
wax, sed with the CFM as a TESM in the TE
for the second inclined chimney.o define the

thermo physical properties of each \, by
limiting the melting point for each experimente

from (temp-tme) diagram Fig.:

Then by using empirical relations
dependent on the number of cars. Where from

the

the melting temperature and from te-2 [8], can
be select the suitablerax, then calculad the

properties foisolid, liquidsingle zone and mushy
zone. The formulaefined n-Alkanes structure is

C, H,,+- , n means theumber of carbon
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Fig. 8. Experimental results show behavior of wax in diffeent temperature
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Fig. 9. Copper foam matrix a-with PW, b-without PW.

2.2.5.Copper Foam Matrix (CFM)

used to enhancéhe heat transfer, because

thermal conductivity of PCM is not enough to

The combined of FMPCM meas higher
thermal conductivity, with same latent heat
fusion, and same solidification and melti
temperature. Soa copper foam matrix CFNs

duration time.

receive or release heat selective heat transfer
Fig9, refes to the CFM with
and without PCMCFM used with 95% porosit
and 30 porous per inch (30 p

Table 3,
physical properties for Acrylic and commercial window glass( Bk7.
Angle n T p a KL € K
(degree) (w/m.°C)
30 0.799 0.072 0.125
32*L -
Glass BK7 45 1.526 0.782 0.0875 0.133 at 4mm 0.92 0.81
60 0.729 0.14 0.141
30 0.885 0.0741 0.0414
Ac'e"".r 45 1491  0.872 0.0868 0.0443 0.04 0.9 0.7
crylic
60 0.82 0.143 0.0477
L: cover thickness in mater. T+Hp+a=1

n: Average refractive index in solar 7= transmitivity,p=reflectivity

spectrum of cover materials.

a= absorbtivity,e= emissivity

K: extinction coefficient

2.2.6. The transparent cover

Nontraditional transparent co, 4 and 6 mm
from clear acrylic sheets are used with vert
and tilted 48 SCs.The special properties for the
material are the; flexibility, light weight, ar
crash, beside other properties that in com
with BK-7. All important properties for acry
and BK<7 except thermal conductivity of E-7,
are calculatedor three selective angland listing
in Table.3,that showing a comparison betwe
commercial glass sheet (BR-and clear acryli
sheet.
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2.3. Measurement and instrument tool

The following measurement and instrume
devices are used in this project beside data lo
data acquisition (DAQ),to measuring the
dependednd independet variables;

2.3.1. Temperature

Three type®f temperature senscare used in
different positions.With 290 meter of type-K
thermocouple (TC)are used to cover all the
temperature that must be measured in th's
and test room beside the SC's gap. A 3D r
grid of temperature sensc are distributed inside
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the test room. 36 semiconductors type LM-35dz,
with 36 thermocouple probes are distributed
inside the room in three horizontal layers (3*4)
node. The probes are connected to two types of
Data Acquisition (DAQ) from labJack U6-PRO
and UT-7, also two types of digital thermometer
are used

- DM6801A+ digital thermometer with 0°C in
resolution and -50 to 199C in range, with
+/- (0.2%+1°C) value in accuracy.

- DM6803A+ digital thermometer with 0°C in
resolution , 0 to 800C in range, and accuracy
with  +/- (0.3%+1°C). Both thermometers are
connecting to the selector switch. As well as,
array of thermocouple probes are distributed and
connected to the vertical and tilted SC’s gab. TC's
probes connected to the collector plate, TESB,
ETC and glass cover. Fig .7 shows The positions
array of thermocouple probe sensors in tilted SC.

2.3.2. Air Velocity

Two types of a thermal digital anemometer
with high resolution are used to measure the air
velocity in the two systems of chimney gap,
beside room.

-TSI AVM410 thermal anemometer with
0.01 m/s in resolution, and same value in
threshold. Velocity range (0 to 20 m/s), and
reading temperature range (-18 to°@3.

-Testo 405-V1 Thermal anemometer with 0.01
m/s in resolution and threshold, while velocity
range (0 to 5 m/s) at (-20 t0°C) and (0 to 10)
when temperature range (0 to %I).

- AM-4838 digital fan anemometer is used
primary to limit the direction of air flow inlet tor
outlet from the solar chimney beside smoke
generator. The specification of this digital
anemometer : 0.1 m/s in resolution, 0.4-30 m/s in
range and threshold equals 0.4 m/s. Positions of
the measured velocity are showed in Fig.7, where
a three-hole port to measure the velocity from
upper side air pass, and two from lower side are
pass .

2.3.3. Solar radiation intensity

Two types of solar intensity meter are used in
the experimental work. TES- 1333 model is fixed
at tilted SC, with specification: 1 W/min
resolution, 0-2000 W/fin range. Other Type
TES-132 with a data logger and interface
connection to PC. Its specification: 0.1V{/in
resolution and measuring range 0-2000 W/m
This type Is used to measure the solar intensity
before and after the acrylic cover to calculate the
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transmitivity value. Beside recording solar
intensity on surface of ETC and fixed SC.
Average solar intensity recorded by WS.

2.3.4. Weather station system

A modern weather station mod&/S-1000-
WiFi with 915 MHz in Frequency, outdoor and
indoor instrument collection, transmitted the data
every 16 second to the analyzer data logger data
screen, with built in memory, and external data
storage. Data logger records the data transmitted
at interval time, that recognized by user to record
data each 60 seconds for 24 hour. The following
important data can be recorded by WW8-1000-

WiFi :

* Indoor average temperature

* Indoor relative humidity

* Real and absolute pressure

» Outdoor average temperature

» Outdoor relative humidity

» Solar radiation intensity (horizontally)
* Wind speed

Gust speed
* Wind direction

2.4. Experimental Test Procedure

The experimental work, is achieved in June,
2015, where data are logging for the dependent
variables along 12 hours. All measurement and
instruments tools are wused as mentioned
previously to measure and record the dependent
variable,for each 2 hours as test interval,
and aerage value for general variables that
measured and recorded by WS data logger along
24 hours, with 20 minutess testnterval
The depended variabléscluding each of
- Measuring temperature in; chimneys gap, test

room space, TESB, outdoor temperature,

- velocity in chimney gap beside inlet and outlet

SC

- solar intensity.

While the general depended variable including
each variables that measuring by WS.

Many conditions are Applied, to select test da
such as; clarity (not dusty), acceptable wind speed
without gust, the clouds absence or partial cloudy
day.
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2.5. Theoretical Consideration and

Calculation

In this study assuming there is no heat losses
directly from test room to the surround, or from
the insulated parts of SC’s. Therefore, SC that
exposure to the sun solar, absorbed all heat with
respect to the value of collector absorbtivity,
reflectivity and emissivity, beside the acrylic
cover’s transmitivity, absorbtivity, reflectivity
and refractivity value. So, according to the heat
balance, heat absorbed by collector must be equal
to heat released to the working air that passes
through the chimney gap.

2.5.1. Calculated heat storage (TESB)

In experimental test, results are shown in&ig
to find melting point range, then from n-Alkenes
table-2 [8], to define the latent heat of fusioteva
in mushy zone. So for material which has a
symmetrical distribution of the specific heat for

the melting region[9],

Te+T
o Ty = = (1)

hgy = hy = hy (2).
where hg; defined from wax diagram and

n — Alkanes table
Py, P paraffi wax density for liquid and solid

h(T) = cpsT +ng T<T, (solid)
..(3) .
n, = (F5%) (2™ nelsl] ..(4)

cp = pi (0.388 + 0.00045 * (1.8 * t + 32))) *
D

4186.9 ..(5)

B: inclination [-]
[k
p:density [ 'g/m3]
T: width of melting zone [K]
Tpw: PW temperature[K]
PW:paraffin wax

kJ
h: enthalpy [E]

s:solid
l: liquid
m:meilting

as defined before% =1, = 17 for materials

which show a symmetrical distribution of the

specific heat for the melting region.

ST = T] - TS

For mushy region to calculate the specific

enthalpy,

h(T) = Cp,constamt-T +
2p

tanh [T (T- Tm)]}

..(7)

.).(6

hy—hg {
> X414+

Ts < T < T, (mushy)

90

So, the specific heat capacity is the dervative of
specific enthalpy then
hy, 2
2 cosh? [ZTﬁ(T—Tm)]

...(8)
For liquid region to calulate the specific enthalpy
h(T) = Cp,sTm + (hl - hs) + Cp,l(T - Tm) -

h
Cp (T) = Cp,constant +=

1 T>T, (liquid) ..(9)
to calculate heat transfer in evaporative
cooling  procedure [10]. Cooling and

humidification (removed heat (sensible) with the
addition of moisture (latent)) are:

Qtotar = Qs + O -.(10)
Qtotal = mair{cp (TF - TO) + hfg (WF - WO)}
.(11)

2.5.2. Heat transfer to the humid Air

The inside solar chimney heat transfer from
TESB to the moist air by simple equation is
illustrated below [10].

Q =m°c,(AT) (L2
For the sensible heat transfer to the dry air,
Qtotar = mM° (CP—g .t+wh, + WCp—w . (t —
tref)) ..(13)

Or by employing the equation of state for moist
air [10].

2.5.4. Simultaneous efficiency

To compute the simultaneous efficiency at
duration time of heat charge, it must compute the
rate of heat storage in TESB during its exposure
to the solar radiation which can be calculated
from eqn. below [8]

AR
qg=m-—-=
mwaxAhwax + mcopper Ccopper ATcopper
..(14)

m= mass for wax and copper foam matrix
t= duration time to charge TESB by heat (q)
so, the heat storage in duration time t can bedoun
from eqn. (15)

Q=q.t ..(15)
To compute heat storage during duration charge
for N time , by algebraic summation of eqn. 14 to
get

Qtotar =
Zrl\llzl{mwaxAhwax + mcopper Ccopper ATcoppe‘r}

..(16)

Its mean the rate between heat storage to the

heat absorbed by TESB.
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__ Qstorage

Qabsorbed
_ {mwaxBhwaxtMcopper Ccopper ATcopper}

Ipeam-Aq-Ag.t
.(17)
2.5.5.Ventilation air hour
(ACH)

change per

To calculate the mass flow rate through the
solar chimney only, or through the solar chimney
and room. [11],[12].

0 = = ¢, Profo
™= VroProfle = Ca miGagrm <
T
/2ch[;f—-1] .(18)
Where, C; is the system’'s discharge

coefficient, is defined as the ratio of the cross-
section area at the vena-contract to the actual
opening area. It is taken as 0.57 due to the sharp
edge inlet, or calculated as shown Iavgris the
mean temperature of air in the channel (Kelvin),
which is described by the equation below [13].

Where,y is meant for the mean temperature
approximation which depends on the inlet and
outlet air temperaturey = 0.74 , Ty, ,T;; are
equal temperature of air inlet and outlet solar
chimney;T,, room temperature;

A, = A"/A, ratio between outlet and inlet
L

opening areaof SC [14]

T, =20 glass side ...(20-a)
T, = 277 apsorber side ...(20-b)
T,, = mitlme 21)

To calculate the system’s discharge coefficient
C4 [15]:

Cq = 0.4+ 0.0045 * [T; — T, |

Tf =

temperature of air within the gap ( °K);
T, = temperature of outside ( °K)

T, = room temperature ( °K);

L. = vertical distance between outlet and
inlet(m)L, in this study calculated as

Le = hepy + hepz * sin (6)

h.n1 = high of vertical himney — 1;

hcno = high of incliend chimney — 2,

6 = Inclination angle of SC from horizontal
To calculate ACH; air change per hour [14] is
ACH

.(22)

m
_ pf,o
Room Total volume

* 3600

.. (23)
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3. Result and Discussion

Experimental results showed, the effect of EC
system by using induced air through solar
chimney. Fig.12. shows that there is a decreasing
in indoor temperature along test time comparing
with outdoor temperature. Maximum difference
in temperature 8.5-9.2C occurred at maximum
solar radiation with increasing in relative
humidity. Fig.13. shows the vent-mode only
where indoor temperature is almost higher than
outdoor temperature with low RH%, especially in
noon time at high solar radiation. Fig.14. appears
the effect of induced air through solar chimney,
and the evaporative cooling effectiveness (ECE)
value, where the high value of effectiveness
occurs approximately at high value of solar
radiation. That means a high velocity of air
through SC (through test room) at noon time.

Temperature distributions in vertical mid
layers along test room are shown in Fig.15-(a-i).
Fig.15-d.shows 3D test room in three layers : east
, mid and west layer along the test room and after
2.pm, the sun direction effect is shown in the west
layer, where increasing in temperature more than
the temperature of east layer. After sunset starts,
Fig.15-f. shows the starting decrease in room
temperature. Other Fig.15.(g-i) represents the
distribution of temperature in test room along day
time and night time, where temperature increasing
in the roof and near the solar chimney, while it
decreases on other zone especially near the wet
pad.

In Fig.16, The experimental and theoretical
value of air change per hour (ACH) in EC-mode
depends on discharge coefficient of system 0.371,
that calculated for the present test room. Law C
value caused by the effect of fill pad air flow
resistance. In experimental work, ACH was
determined, depending on the tilt SC collector
temperature and air velocity, so it measured in
mid way in chimney gap, and before the end way
of chimney gap. The fluctuation appeared in ACH
value because of the turbulent in air flow, while
the value of theoretical ACH was determined
depending on the variables in EQ.23. The
variables change smoothly especially temperature
of room and collector, while the calculation of
mass flow rate of air depends on upper and lower
collector temperature and density. So the air mass
flow rate was experimentally estimated in upper
and lower chimney gap way (mid ,before end),
Fig.17.
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So, the mass flow rate through the test room is
equals to the mass flow rate through the chimney
with respect to the synchronous change in value
for volume flow rate and density. Maximum of
mass flow rate of air through test room
approximatelyY1.1e) kg.hr in value. Air gap
temperature in vertical fixed chimney shown in
Fig.18, the air temperature are measured in three
positions in chimney gap, after inlet, in the mid
way, and before outlet of chimney gap. Results
refer to increase in air temperature along the way
of chimney length, and the heights of air
temperature in same level are near the TESB.
Fig.19. shows the heat storage efficiency (HSE)
with maximum value in 10:00 am, because the
higher difference in temperature between inside
TESB, and it's up-surface collector (0.75*1.5§ m
accrues at that time. HSE equals the summation of
change of energy storage through time to the
summation of solar energy through same time.

4. Conclusions

From theexperimental results, the following
conclusions can be drawn:
- Employing the evaporative cooling
effect, made more successfully comfortable zone
,and more suitable for human live mode, and that
done by decreasing the room air temperature with
respect to the increasing of relative humidity.

24 T T T

mass flow rate in chimney gap
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20
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A
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6

Fig. 17. Experimental value of mass flow rate.

- Comfort condition does not cover the day
time only but also the night time by using the
thermal energy storage material.

- Accomplished double pass solar chimney
collector ensures a good aspect ratio between
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chimney length and the gap thickness, the ratio is 100 — 2000
bigger than 12, make a chance to prevent reverse 2 900 H-8— som s Lo 3
. . . =3 —A— energy summation =
air flow in chimney gap. S o0 |0 ey Lo 4
- -?700 14000 E
K * /;‘»\ J d\stance‘lrumTESB ; 600 / / 4 ‘%
= H 2 F 12000 3
2 /=l oy Zwi AL N ]
> 75cm || j = =
2 3 ] o \_' —A— 325cm s g:g, E 400 /\ |- 10000 é
-_% 32 : K —@— 475cm [ g 0‘60* 2 [ 8000 m
‘—L; a ] ‘)l'/ —0— 625cm ;:E 0:507 2300 ’/ / y \ %
8 ] u 12 6 g
v 4 b N LN E
z 307 RN I E
< ] / 20209 g 4000
- 29+ 2 o0d @ \ N b
© ] \! \ 0.00 3 o““””“”%”‘zooo
§ zj Eq%’ \. 8.00 10.00 12.00 Daytlnﬁ((:]()h:mm) 16.00 18.00 20.00
£ i7'g
§ BT Fig. 19. Solar Radiation, Energy Summation and
8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 ..
day time (hh:mm) heat storage efficiency.
R Nomenclature
E ;g E distance tr‘om TESB L
o ] —%— 0250m A area
% 38 1 —a— 175em [ ]| . .
S a7 = —a szmem (1] ACH Al_r chinge per hpgr
g 364 X e Cq Discharge coefficient
2 354 r C e
z 0 p Specific heat
34 4 . .
DN ol EC Evaporative cooling
E 321 — X K ECE Evaporative cooling efficiency
s ¥ ~ ETC Evacuated tubular collector
g %« k g gravitational acceleration
5 28 ‘ 1T 1T 1T 1T 1T 1T 1T ‘ 1T H enthalpy 1 helght
® 800 1000 1200 1400 1600 1800 2000 22.00 24.00 HSE eat storage eﬁ'?le_ncy
Day time (hh:mm) | bean beam solar radiation
—~ L. characteristic length
41
% 40 i ,\‘K distance ‘from TESB‘ mo mass
8 ol e omen m mass flow rate
: 1 —— 1.75cm
g 381 e P Pressure
E a7 s = P PW Paraffin wax
% 36 1 \. } —0— 625cm Q heat
S R K
= 35 .
g ] SC Solar chimney
el A / A Tt Temperature, time
£ 32 o TESB,M Thermal energy storage-box,
S ANy N material
2 4l
S 30 .
g o ”//.r e u velocity
S A L E Ve Volumetric flow rate
® 800 1000 1200 1400 16.00 1800 2000 22.00 24.00) w Moisture contain
Day time (hh:mm)

Fig.18. Vertical SC ai t ture.
ig ertical SC air gap temperature Greek letters

Inclination

Density

Width of melting zone
Sun altitude angle
Latitude angle

Hour angle
Declination angle
Solar radiation angle,

TR/ QIO ™®

96



Talib K. Murtadha

Al-Khwarizmi Engineering Journal, Vol. 12, No. 3, P.P. 80- 98 (2016)

6 Solar chimney tilt angle
n Heat Storage Effeciency
Subscripts

a air

o Copper

g gas

I inlet

I liquid

m melting

o] outlet

S Solid

S Latent heat of fusion

5. References

[1]

[2]

[3]

[4]

[5]

[6]

M. Maerefat, A.P. Haghighi , “ Passive
cooling of building by using integrated earth
to air heat exchanger and solar chimney”,
Renewable Energy 35, PP. 2316-2324, 2010.
M. Maerefat, A.P. Haghighi ,“ Natural
cooling of stand-alone houses using solar
chimney and evaporative cooling avity”,
Renewable Energy 35, PP. 2040-2052, 2010.
Usama Mustafa , “Using Solar Chimney to
Suck Air Through a Wet Ped”, Journal of
Engineering and Development, Vol. 15,
No.2, PP. 205-213,June-2011.

Amin H. Poshtiri, Neda G., * Comparative
survey on using two passive cooling systems,
solar chimney- earth to air heat exchanger
and solar chimney-evaporative cooling
cavity”, World Renewable Congress, PP.
2102-2109, 2011, Sweden.

Amr S., Hiroshi Y., Tomonobu G,
“Integration  of Evaporative  Cooling
Technique With Solar Chimney to Improve
Indoor Thermal Environment in the New
Assiut City, Egypt”, International Journal of
Energy and Environment Engineering, PP. 1-
15, 2013.

MD. M. Rahman, Muhammad M.,” A
passive cooling system of residential and
commercial buildings in summer or hot
season”, Recent Advances in Renewable
Energy Source, PP.100-105.

97

[7]

[8]

[9]

Md. F. Rabbi,  Mrittunjoy  Sarker,
“Alternative Room Cooling System”,
American Journal of Engineering Research
(AJER), Vol. 4, Issue-6, PP. 215-218, 2015.
Arkan U.Meko, "Energy Storage by phase
change by using paraffin wax”, MSc, thesis,
Machines and Equipment, University of
Technology, Baghdad, Iraq, 2004. (Arabic)
Helmut E. Feustel , Corina Stetiu,”Thermal
Performance of Phase Change Wallboard for
Residential Cooling Application”,
Environmental Energy Technologies
Division, Ernest Orlando Lawrence Berkeley
Nationalla Boratory, University of California
Berkeley, CA 94720, USA,1997.

[10] S. Salam, et al., “Psychometric Analysis for

arbitrary dry-gas mixtures and pressres using
microcomputer”, ASHRAE Transaction,
Part-1,Vol. 92, 1986.

[11] Hussain H. Al-Kayiem, Ahmed K. Hussein,

Toh Seng Peow, “Investigations of Natural
Convective Heat Transfer in Rectangular
Thermal Passages", International Journal of
Mechanical, Aerospace, Industrial and
Mechatronics Engineering Vol.7, No. 3, PP
159-164,2013.

[12] Salah Larbia, Adel El Hella,“Thermo-fluid

aspect analysis of passive cooling system
case using solar chimney in the south regions
of Algeria”, Energy Procedia 36 PP. 628

- 637, 2013.

[13]J. Mathur, et al. “ Summer-performance of

inclined roof solar chimney for natural
ventilation”, Energy and Building 38, PP.
1156-1163, 2006.

[14] B. Belfuguais, S. Larbi,“Passive Ventilation

System Analysis using Solar Chimney in
South of Algeria” World Academy of

Science, Engineering and Technology Vol.
58, PP. 26-30, 2011.

[15] C. Seytier,et al., “Combined Convective-

Radiative Thermal Analysis of an Inclined
Rooftop Solar Chimney” Journal of Solar
Energy Engineering, Vol. 135 Feb. , 2013.



2

(2016) 98 -80 4adio 3l 12 dlaal) Lucuntigl) a3l o (i LIS s

skl 4 "’"dh@}&ﬂ\uﬂ\gw\w\mm\ ity dules dul
..J‘JAU‘JASUAM‘OJQJMMJ

ok clala aght o 7 palla o Cpea T e ya (ELES il
L o iSll Lraland) /LSl Ssal] Lusrigl) aid*

Da ol 4iSill draland] [ LSilS 00 g g Sl dusrigl] st #% 4%
talib_km@yahoo.com.s a1y di*
hussein_maj@yaho0.comg: s A jlix
aligaphory@yaho0o.comg s s8I i

LAY

i A b 8 il 48 jall gl y) 5 el s Jslll (g OS1 e (15%1.5¢2) maas Al e i) B el o eliaall Al pall 038 J3A
On gl Biny JLEAYI 2 e 12 3l Al m S) Jlaiag Bl il e ) sl A Al (8101 S e Ll
Jole s ¢ paall a3 by Adlia g plad pee 2su) Glady sadadls bl (5l jadl o) )1 I3 AU 2oa sanl) Zadaal) @llligh el Claasall
04 &«)s.lal\ B8 g iy L;Sﬂ PEEEA| EIAJJ\ 3Ly 30 A4l mﬂ\@g\}\m U g gall g da 53 45 4550 3 Ablad) Ladaall llla 5 Ll s
uf—MJY‘_}SH‘D}SAJ}JJJAUALAQJJAH_}@J‘U\{)A-‘M\@)L‘;G ;\)A@)AAJ};}CA‘QAM\d_,ja‘_éc‘\.\‘)\‘)aub\)a‘umm&d\
G A il An 323 Fonln 3 anliV1 (s e samn A3 4 LS ALS elsa (i ipin e (el g ol I B pall JE) 55 e
O olindl Casill 1 45 )5y Alsaal) V) o3 Jom i i (G sk a ) S5 (205 G5 m ol e saaly IS 313 3 il ol 5g)
e L;;;:.L,L.AL;;M «_M\‘}s e\\'"« L dadll 4333410 @ G...:.A...'.J\ &\.:.AY\ BB OB & AU A0 gerd) dpuadll 433040 LS‘)“)A-“ Ol
a,a;J}JA_\,);.A\ aJ\)A.‘\ UJA.“ aJLAJ‘L\‘)\‘)A.HA.\La_yJ‘MMM@}G)JWJAJ@J\)Q\UJ;&;MLQL@JJ}H\ aJMA\}A
bw@dyuu@pdpﬂu@neju\ o1 sell lasdl cda_al) Jals Tk (185 Jae g daneadll Ziaad) JYA o) sel) i o (ya s il
HH‘JM\@M\;‘)@E\ Lg).\;.u“m‘)uﬂujhé\ LSJ)JLAAM\ W\C_Eud)ﬂc\}@l\J})uJcou|uaL.44A\L_;9MLN\L€JMJ}LLn
da 0 (8 8 ) Cus dAlial gie Aol 24 Hlis) 358 aa HLEAY) Sas 3 )l s da o (add A0lKa) () cpealadl el Caatia g Al Ll ya)
felull die Gaany Bles (3 Gl lsliss 20:00 el e dysie da 2 3.5 ol o cilS o A o) sell Goolas LY e om0
) il LS LEaN) 5 58 jee (00 15:00-11:00 58 aing s &y e Aa 5 9.2-8.5 5hes 51l da o (3 b el Wl dlals 03:00
3055l 2yl Aullad (530 il ¢ (gl ) Aad 8 ialidl Alaadla e il da Lo 8 i) ¢ panail 551 pall (5 3 alasind Ak
Jane 515 0,371 a shaial) U 385 Jalas (o Aeludl SR (3.8-6.187 Janes IS8 3l e L) cmnslil el sell (lisa (e 37.5
(36.651 kg.F) ke S o sell SIS 3o




