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Background and objective.

In the search for building installations that use less electricity to work, and where
noise generation is avoided, the solar chimney may be a good choice for buildings

with natural and hybrid ventilation.

The present study ainte investigate the basic principles of solar chimneys and to

test and improve the design of a solar chimney installed in the EPT lab.

The following should be considered in the project work:

1 A survey of solar chimney principles and of differences ingteaind
application.

2 An experimental assessment of the solar chimney installation in théaBPT

3 CFD simulation of a basic solar chimney design and of the solar chimney in the
EPT lab.

4 Comparison and discussion of results. Suggestions for improladchimney
design.
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Abstract

The aim of this work to study the solar chimney installed in the-l&BTof the
NTNU. The work starts with the development of a CFD model of the solar
chimney and comparing with the experimental data, showing a good accuracy of
the CFD results. The CFD mladaused to compare three types of solar chimneys
for different heights and widthpbtained that thechimney installed in the EPT

lab gets higher flow rates in the most of the most of the ca§dse CFD model
shows a uniform temperature and velocity insidhe chimney that allows
developing a simple physical model of the chimney, which gives a good precision
of results. Finally a simplification of the solar chimney and other systestel&gd

in a building is simulated and also is developed another phlysicalel for this

kind of building giving an idea of the behavior of this solar house in diverse
conditions
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1 Introduction

The equipments, materials or human activity increase the feiiu
concentration inside the building, which affects to the indoor air quality.
Pollutant concentration can affect human health and productivity, which
makes neessary their removal. Traditionally the ventilation replaces the
indoor air for outdoor air, which has better quality.

The different modes of promoting air exchange are mechanical ventilation,
which allowscontrolling the flow rate all the momenttheir quality and
temperature; and natural ventilation, which has less maintenance, makes
less noise and does not use electric energy to move the air.

The solar chimney is a system that uses the solar radiation to move the air,
improving the natural ventilation ahin some cases providing fresh air for
the building. Many works were carried out the last two decades
demonstrating the advantages of solar chimney, for example the difference
of a traditional chimney and a solar chimnldy, the temperature impact of

a solar chimney?2] or their benefit in hybrid ventilation systeni8]. Other
works focus in the design of the solar chimraeythe height, width or angle

of tilt, using in the most of the cases CFD tools to carry out the simulations
or experiments and developments physical andthematical models for a
solar chimne)[1, 4-7]. Also other works centers in the study of a building
with a solar chimney and other ventilation systems as a cooling cg8lity
Trombe wallg9] or heat recovery4]. All these studies shows the viability of
the this system and nowadays one can see that new buildings start to install
solar chimngs, like theTangaSchool irfFalkenbergsweder{10].

Theaim of this thesis is the new design of solar chimnegde in the ERTab

of the Norwegian University of Science and Technology, which pretends to
RSY2yadGNr 4GS GKS [|R@Iydl3Sa 3lFAyad
physical model of the chimney and study the effect of a building with this
solar chimney.

Master thesis Spring 2011: Analyzes of Solar Chimney Design | 12 1
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2 Theory

The aim of this chapter is to make an introduction lo¢ ttheory, concefs
and principles used in thidé&sis.

2.1 Fluid dynamics

The NavieiStokes equations desbe the motion of a fluid substance:

1 Continuity
ro ' 2.1
_‘+ n no = O
To
 Momentum
nT C'D ” L 4 - ‘ 24 "
T_(‘)+ @ ® = ﬂn+;n @+ g 2.2
1 Energy
TaY . g .
” T(’ﬁo + 7@ ()ﬁ"Y = Mo+ fnd+n QY 2.3

These equations do not have an analytic solution; therefore usually it used
simplification of these ones to achieve an approximate solution. The
dimensionless number is used to carry out $besimplifications, as the
Reynolds number or the Rayleigh number.

The Reynolds numbegives a measure of theatio of inertial forcesto
viscousforces and consequently quantifies the relative importance of these
two types of forces for given flow conditions

YQ= ‘—YO 2.4
When this number ifiigh (Re>>1) the viscous forces can be negledésh
when Re<2300 in ducts a laminar flow occurs and for Re>4000 the flow is
turbulent.

The Rayleighmeasures the impdance ofbuoyancy driven flow). When the
Rayleigh number is below the critical value for that fluid, heat transfer is
primarily in the form ofconduction when it exceeds theritical value, heat
transfer is primarily in the form afonvection

Master thesis Spring 2011: Analyzes of Solar Chimney Design | 2?2 2
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_ RV R
=
Besides, in a pure natural convection the Rayleigh number measures the
strength of the buoyancinduced flow. When Ra<i@ndicates a induced
laminar flow and a transbn to turbulent flowamong10®<Ra<1¢f.

YEo 25

2.1.1 Bernoulli equation
The Bernoulli equation is the result of thee simplification of the Navier
Stokes equations assuming and inviscid f({&Rd>>1).

1 - . -
5” 02+ O = W= U, 2.6
This means, if the velocity increases, the static pressure has to decrease.

This equation can be completed summing the effects of gravity and a turbo
machine.

1 . o -
EH 02 + Ui + "0+ YUQE = l')(‘) 2.7

2.1.1.1 Pressureloss

In every duct system are present pressure losses due to the circuldtian o
fluid inside a duct (primgr pressure loss) and caused by additional
components as a valve, contractions imtets (secondary pressure loss).
These pressure losses can be incorporated in the Bernoulli equation:

1 - e . 1 .
E" 02 + l’)( + OO+ yl,)m = l,)(‘)+ E" 02 Ugep 2.8

Thetotal coefficient of pressure dropB(Uq¢y ) is the sum of the primary
pressure loss and secondary pressure loss.

1 Primary pressure loss
Q ’YQ—T 29
. 0oQ '
U .
— 0 = 6@ XE"BDMDw

oQ
0= "G (OEPIGH BQ £ WMDW
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i = 16"Gi Qs WMWD
The friction coefficient of Darcy can be estimated with the Moody
chart.

1 The secondary pressure loss depends of the components of the
system Every component has its own coefficient of pressure loss,
and in the most of the casecan be calculated with charts. In this
thesis the secondary pressure are the inlet, outlet, nozzle and valve.
All this components have a constant coefficient of pressure loss.

All the charts used in this thesis can be foundppendix 1

2.1.1.2 Buoyancy and stack effect

Buoyancy is the forceglong with the gravity, involved in the movement to
upper positions of an object or fluid with less density than the fluid
surrounding.

In ideal gases when the temperatuiricreases, the densityetrease, thus a
movement between the cold and warm zones appedrsis movement is
knowledge as Stack effeftl]. The pressure differencef the stack effect is
the next equatiore.10.

Yirio = " O 2.10

The prolem of this driven force is that it connecthe energy and
momentum equationgequations2.2 and 2.3) hinderingthe solution of the
problem.

To get a faster solution usually ised the Boussinesg Model. This model
treats the density as constant value in all the equations except in the
buoyancy term of the momentum equation.

:" u' o u'
ol 1YYOryYL 1 511

Yomeazam = O Y'Y 912
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2.1.2 Boundary layer
For flows with high Re, the effect of the viscosity is neglected, but areas
close to wdk, the viscosity has to take into account because this area in the
most of the cases affect to the solution. This area is the boundary layer and
its study is very important to understand the behavior of the solar chimney

U

Figur2-1 Boundarylayer on flat plane

2.1.2.1 Turbulent boundary layer
As same happens in flows trough ducts, if the velocity or the length is
enough high (Re>>1), the boundary layer can change from laminar to
turbulent. In this case the layer ismsiderably more complex, at the same is
coarserand dissipatesnore energythus the friction is higherNevertheless

the turbulent boundary layer moves the kinetic energy from the exterior to
the interior, improving the heat transfer between the flowdwall.

Transition

Laminar

N VR PRI

Mominal limit of

regicon ish?rﬂ

Turbutent

—

y

/|

boundary layer ﬁ“
i
i
1
g7 /{

/r"f//ff.’ff-'/ P TT T T TR TSN

. o , Viscous - L .
Leading Trangition point sublayer Graph of velocity v
gdge | X against distance y from

surfece at point X

Figur2-2 Turbulent boundary layer on flat plane
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The turbulent boundary layer can be dived in two zones: the zone of defect
of velocities or outer law and zone near to the wall divided also in diher
zones, the viscous sublayer or inner law and the logarithmic sublayer or
overlap layer(Figur2-3). This zone near the wall is very important to know
the mesh resolution in CFD simulations.

Outer Law,
(profile varies)

20 | Linear T
Viscous u, -y
u i Overlap Layer
— 1

u 15| ! /

i
Logarithmict
Experimental Data

Overlap § ,,
s

Inner Layer

|
1 10 10° 10° 107
yu
7
y =5

Figur2-3 Profile of a turbulent boundary layer

2.1.2.2 Thermal boundary layer

In general, the temperature of the floWy, usually does not agree with the
temperature of the wallf, As same as the velocity boundary layer, a
thermal boundary layer appears.

The study of the therml boundary layer is important in the design of a solar
chimney since this is involved the heat transfer between the wall and the
fluid and also in the stack effect.

The thickness of the thermal boundary laydepends of the number of
Prardtl, defined as:
Q 213

& = "ok
‘= GO
0= YN & GiNGEE DA

Master thesis Spring 2011: Analyzes of Solar Chimney Design | 2?2 6
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When this number is higher than one (Pr>1) théeckness of thethermal
boundarylayer is higher than the velocity boundary layer and the opposite if
Pr<1. When Pis nearto one, the sizes of both boundary layers hathee
same orderFigur2-4 shows this behavior.

[;-e . Tx L}_ Tx
.III_ I T ;,. -
/ —7
.'I Sy / & Jf'
=1/ | >
T, T,
Pr<] Pr=1

Figur2-4 Thermal boundary layer. Number of Prandtl

The thickness can be estimated witte following equation

1 1
1. 01 2YQ2 Bi<1
Y 2.14
S S S
Oi 3YQ2 0i>1

1 oy= YRR Qi £ QUG & GHIGE 02 AT DXL
0 = 0" QMO (i

2.1.3 Computational fluid dynamics

Computational fluid dynamics (CFD) is a computer based tool design to solve
a wide range of fluid mechanics problems. The CFD solves the three
equations of fluid flow (continuity, momentum and energy) approximately.
First he geometryof the model is discredited in thousand of cells and
nodes; the state of one node is affected by the neighboring nodes and the
boundary conditions.

The accuacy of the solution depends of marfgctors as the size of the cell
the number ofiterations, the boundary conditions selected, the size of the
domain, the models selected (turbulent, radiation or materials), the

RAAONBGATFGA2Y dzASR 6FANRG 2NRSNE a

standard solution method does not exist and is neaega deeply study of

Master thesis Spring 2011: Analyzes of Solar Chimney Design | 22 7
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the properties and conditions on each problem and in the mainly cases a
validation with experimental results.

In this Master Thesis it have been used Fluent to simulate the fluid flow,
since is one of the most development and use® @Fograms.

2.1.3.1 RANS/ Turbulent models

When the Re>>1 the solution of the Navigtokes equations became
unstable with small perturbations.h€&se perturbations develoms the flow
increases, leading to turbulence characterized for quick variatoth
spatialand temporal. Since these fluctuations daa of small scale and high
frequency, they are too computationally expensive to simulate directly in the
most of engineering calculations.

In the most of the cases a tirveraged solution for the magnitudes is
enough. The equation of Reynolds Average Navier Stokes (RANS) is the result
of decomposing the flow magnitudes @St 2 OA (1 & = LINE &t dzNB =
two, the averagecomponent and the fluctuating component.

W= O+ * 2.15

For example the momentum RANS equation is:

6 I
"TT_bwén 6 = nip —n20+on( "6%F+ " 2.16

As one can see, the modified equation contain a new unknown variable,

" 0%, Reynolds stressdensor represents the effects of turbulence and
must be modeled in order to close the equatidrhus turbulence models are
designed to determine thigariable in terms of known quantities and close
the RANS equations.

bg 16, ot
) Q+T o 2 .Q+‘T 0

OB o o — 2 g 217

Equation2.17 represents the Boussinesq hypothesis what introduce the new
concept of turbulent viscosity , (property of the flow). The concept of

Master thesis Spring 2011: Analyzes of Solar Chimney Design | 272 8
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turbulent viscosity redoes the computational cost. However it assumegss
an isdropic scalar quantity, which is not strictly true.

The alternative is to solve transport equations for each of the terms in the
Reynolds stress tensor, which means that five additional equations have to
be solved in 2D and seven in 3D.

Unfortunately, thechoice of the turbulent model is not the same for all kinds
of problems. It is necessary to understand the capabilities and limitations of
the models, besides other considerations such as the accuracy, the
computational resources, time available and thHass of problem. Fluent
provides a wide range of turbulence models, but only five are taken into
account in this Thesis.

1 Standard ke model
It is a semempirical model based on model transport equation for
turbulent kinetic energy (k) and its dissipatiate (e).

‘s="8 g 2.18
0O = ogeinEo

The standard § Y2 RSt A& GKS &AAYLX Sai
turbulence. It assumes that the flow is fully turbulent and the
molecular viscosity is néagible.

1 Realizable e problem
The realizable 4 model is an improvement of the standardek
problem. There are new formulations for the dissipation rate (e) and
for the turbulent viscosity.

. 1
T Y0 2.19
o€ + Ol o
6 is no longer constant in this model.
The realizable +¢ model predicts more accurately the spreading
rate of both planar and round jets. Also it can be used in transition
to turbulent flows.

Both models take into account thdfect of the generation of k due
to buoyancy.

Master thesis Spring 2011: Analyzes of Solar Chimney Design | 22 9
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9 Transition kkl-. model
This model is used to predict boundary layer development and can
be used in flows with the transition of the boundary layer from
laminar to turbulent regime.
The disadvantage is that itesolves three transport equations
increasing the computational cost.

1 Transition SST model
It is a four transport equations model, which improves the accuracy
of simulations with flows in low frestream turbulence
environments.

1 Reynolds stress model (REM
This is the most complete turbulent model that one can find in
Fluent. This model does not use the Boussinesq hypothesis, thus
five transport equations are solved in this model. Usually the model
gives more accurate results than the others in the makihd of
flows. This model requires closure assumptions employed in the
transport equations for the Reynolds stresses tensor.

2.1.3.2 Radiation models

In this section, it is going to describe the characteristic of the radiation
models and not the theory behind, duto its long formulation and
explanation.

Fluent provides five radiations models, but only are going to take into
account in the simulations of this Thesis.

1 The P1 model is a diffusion equation, which is one of the radiations
who less computational resoces use.
This model assumes gray radiation and that the all surfaces are
diffuse. It will be a loss of accuracy if the optical thickness is small
and also tends to over predict radiative fledom localzed heat
sources.

1 The DO works with the entire raagof optical thickness, with a
computational cost moderate.
The model allows to work with non gray radiation and also with
semktransparent walls.

Master thesis Spring 2011: Analyzes of Solar Chimney Design | 22 10
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2.2 Chimney

A chimney is device usually used to remove the hot flue gas or smoke to the
atmosphere. It uses thaack effect to induce the movement.

In buildings, the chimney also is used in natural ventilatiteking

advantage of the differences of temperature between-oumside the
building

Te

- Ti l a

Figur2-5 Chimney effet

Adding equatior2.8 and2.10in the condition ofFigur2-5:

e Y'Y 1 2
CD% E U Uqén
2“(1)—?,2( L
b= 0 50=
BUqgep B Oq:y
fi= 608 2(107\6\6}6

2.20
Equation2.20 can be used to estimate the natural draught flow rate (q)

assuming that the heat loss negligible.
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2.2.1 Solar Chimney

A solar chimney is a kind chimney that uses the solar radiation to increase
the temperature inside generating the stack effect to move tire dsually it

is used as a way to improve the natural ventilation for a building. Also it can
be used to generate electrical energy, but in this cases the size it
considerablybigger, for example the solar tower built in Manzanares, Spain
was 195m high diaining a maximum output power of 50 KMZ2].

This Thesis is focus only in the solar chimney as a way to improve the natural
ventilation.

2.2.1.1 Chimney types
There is not only one design for solar chimney. It depends of the latitude of
the place the height of the building, the solar collector or the materials.

Nowadaysthe most widely used is that one that replaces part of the south
facade for a glazing allowinthe solar radiationto get inside the chimney.

This Thesis studies three types of solar chimney.

' Typel

This solar chimney is installed in the B&d for the Norwegian University of
Science and Technology. This chimnefiesaseof this Thesis, because a
new type designed bthis university in the projedtL3] and therefore not so
much information &out the behavior and characteristics can be found.

In Figur2-6 one can see the operating principle of this chimney. The solar
radiation passes through the glazing, situated in the down part of the south
facade, and it is absorbeby the solar collector (in the bottom of the
chimney). The solar collector is a high number of thin parailefallic fins

(33 in the EPTab), the fin receives the solar radiatipnncreasing the
temperature of the surfaces, this generates a convecgihme for each fin.
The distance between two consecutive fins is relative smatd4cm) and

the angle from the centerline of the plume to the boundary is approximately
i [l2.5°[14)]. Thus the distance where two consecutives plumes touch each
other is:
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o 0 44
- 2-tanf  2-tan125°
Q= 9,920 2.21

At this distance, one can consider a homogeneous temperature inside the
OKAYYySeéod b2GS GKIFIG GKS KSAIKG 2F GKS
therefore it is assumed that the height of the chimney and the height of the

stack effect it is the same.

N
A
Glazing
Zoom solar collector
H=H stack
Tii
Convection plume
h
T TR
Fins Te j V\
Solar collector
w
Figur2-6 Solar chimney in the EFf@b
T Type2

This type of chimney igstalled in theTangaSchool inFalkenkerg Sweden
[1Q]. Itis designed for cold climates (higher latitudes)

Like the type 1, this chimney charggbe down part of the south wall for a
glazing The chimney is designed for cold climates (higher latitudes), that's
why just a part of the south facade is a glass toimize the heat loss trough

the chimney, since this chimney also uses the stack effect of the building to
improve natural ventilation.
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The radiation cross the window and it is absorbed by the solar collector, but

in this caseit is the front wall, which is painted in black to improve the
absorption of radiationKigur2-7). In this case the height of the chimney and

the height of the stack therare not the same; as an approximation, the
0S33Ay3 2F aidl 01 Swlatef Gditeapoirk Bherd khé O y
thermal boundary layer touches the south wall.

N
A
Thermal boundary Hstack
layer
V‘ “
3
,“ i
\
Glazing —— \'\.\
Solar collector
Figur2-7 Chimney typeTanga School
1 Type3

This kind of solar chimney is the most used andlied[1, 4, 8, 9]; also it is
developed for warmer and tropical climates.

The design is very simple; the south wall is a glass allowing the radiation gets
to the solar collector, which is the front wall, also painted in bldekyyr

2-8). Like the type 2, thbeight of the stack effect defers from the height of
the chimney; and can be calculated with the same conditions.
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Figur2-8 Standard solar chimney
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3 Method

3.1 Experimenta | results

The basis of the develdpSy i 2F GKS &2t NJ OKAYYySeQ
SELSNAYSyGlFf NBadzZ da G118y FNRY GKS

/ 2t f S{QAH.2 NEthisproject canbe foundvelocity, temperature,
heightandradiation experimental datdrom the solar chimney studieth

this thesis.

As the CFD model will be al2model, only is necessary take the midplane
data from the solar chimney. The resulteahowed in the next figurand

table.
06
0,55
05 M
@ 045
E o4 —&— 881 W/m"2 h=3m
2 035 Vﬁ—.— 846 W/m"2 h=3m
S 03 -
2 025 —¥— 881 W/m"2 h=4,15n
0,2 —o— 846 W/m"2 h=4,15m
0,15
01
0 0,1 0,2 0,3 0,4 0,5
Paosition (m)

Figur3-1 Experimental results of @locity

Radiation(W/m”2) Velocity h=3m (m/s) Velocity h=4,15m (m/s)
881,7 0,35 0,506

846,4 0,362 0,524
Tablel Experimental results

Also the temperature increase in the surroundings of the collector is around
NnTF2 and 3 K.
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3.2 Development of CDF model

The first step to build the CFD model is know the fluid field properties, as the
Reynolds number or Rayleighmberto select the turbulence, radiation and

fluid models

1 Properties of the flow

Name Symbol Value
Densit ! X
ensity 1,2255
. : ™M
Viscosity : 1,7894 - 10 5d_i
- )
ifi ) 1006,43 7——
Specific heat (&) 000
- - W
Thermal conductivity 0,0242 o
Thermal expansion 1
coefficient ! 0,00341 0
Hydraulic diameter Oq 05a
Longitude (height) 0 3a
9 a
Average velocity Y 04 T
Average difference of 5y 20
temperatures
. . a
Gravity Q 9’81i_2
Table2 Propeties of the flow
1 Reynolds number
: " YOq
YQ= —— = 13692 3.1
1 Rayleigh number
o, S"’, 7 263
Yo = m = 6,3-10° 3.2
Q
1 Boussinesq fluid modie
Y'Y 007L 1 3.3
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With these small difference of temperatures and thethermal
expansion coefficient, one can assume a Boussinesq model

In brief,it is working in atransition turbulent problem, where is possibte
use the Boussinesq model for the buoyancy effects

3.2.1 Boundary conditions

Have been studied six types of different configurations of beupd
conditions, to find which of thesenes obtains abetter convergeof the
problem and less affect to the actualraditions.

In this case, haveen used a simple model of a symmetric chimniy
reduce the time of simulationsChe six different types of configurations are
the following:

1. The limits of the model are walls witlip conditions and constant
temperature

2. Thee is a velocity inlet of 8.m davn in the left wall, outflow of A
m in the left at the top wal&nd the rest is a wall with slip conditions.
Both velocity inlet and wall have the same constant temperature.

3. The same as above, except that the velocitynishe top and the
outflow in the bottom.

4. The bottom is a velocity inlet, the top is an outflow condition and
the right side is a wall with slip conditions.

5. The same as above, except that the top is a pressure outlet
condition.

6. The bottom is a pressurelat condition, the top a pressure outlet
and right side a wall with slip condition.

Where velocity inlet conditions are used has to be careful with the velocity
magnitude. In this cases have been used the ratio of Grashof and Reynolds
numbers:

n@ ugz y"\ﬂ

- = 34

Y V2

This number measures the importance of buoyancy forces in a mixed
convection flow. When this number is bigger than unity, the buoyancy
effects are stronger than the velocity inléfobe sure that the velocity inlet
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does not interfere in the buoyancy forces of the problem, has been select a
ratio equal or biggethan 100, which correspondasvelocity of 0.01 is.

The model used in all the cases is the same and it is a symmetric chimney
with a radiator boundary condition in the bottom of this one with a heat flux

of 300 W/nft, the external temperature is 300 K (external walls and inlets)
and the turbulence model is standardekwith standard wall functions and
thermal buoyancy effects.

1 Cafigurationl does not have problems with the convergence as it
shows inFigur3-2, but take so many iterations to have a good value
of residuals (more than 6000 iterations to have residual of continuity
less than 10).
Onthe i KSNJ KFyRX AF 2yS OKSO1a GKS
model, one can see that the temperature in the fluid increases
around £C more than the external wall§igur3-3), therefore this
boundary condition does not satisfy the exmal temperature
condition.

Residuals
—cont[lnl_lij:t
—x-veloci 00 =

y-velooit] 1e+003
f?nergy

—epsilon le-02 A

fedif 4 7
le-06 -

le-08 A

le-10

le-12 T T T T T T T T T )
15002000250030003500400045005000550060006500

Iterations

Figur3-2 Residualsconfiguration 1
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3.056+02 ‘ —
l 3.05e+02
B s 50402 J

| 3046402 4
3046402 {
3.045+07 |
3.04g+02 J
3.03e+02 r
3.03e+02

3.03s+02
. 3.03e+D2
B 3.026+02
3.028+02
3.02e+02
3.028+02
3.016+02
3.01+02
3.01e+02 )
3.01e+02
3.008+02
3.008+02

Figur3-3 Temperaturesconfiguration 1(K)

9 The configuration 2 has an unstable solutiorFagur3-4 shows. The
reason of this is that the outlet condition is nloing enough to take
all the heat of the radiator, then, the fluid in the model is warmer
than the inlet flow. This fact makes that the boundary conditions are
situated in the opposite direction of the natural flow, i.e. it has a
cold flow inlet in the bottom and the out flow on the tpo it is
forcing a cold flow goes up, when the normal is that the cold flow
goes down. This conclusion motivated the next bougdandition.
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Residuals
— continuit
—x-velooi -
—vy-velocit L2 ]
—energy

—epsilon

AR

le-04
le-06

le-08

le-10 T T T T T T T T T :
10001500200025003000350040004500500055006000

Figur3-4 Residualgonfiguration 2

9 The configuration 3 has a better convergence than th&igur3-5),
in less than 6000 iterations it has a residual continuity emtio®.
Alsq the configuration hashe difference of temperatures between
external and the fluigoroblem, but in this cases lower Figur3-6),

around 2C.
Lz
—ivelooltl te-iz
pherey le-03
—epsilon feifl _
le-05 1
le-06 1
le-07
{6-08 1
Ie—UEI—;
Le-10
te-111
(A0, 1 S S,
100D 1500200025003000350040004500500055006000

Figur3-5 Residuals cofiguration 3
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3.02e+02
3.02e+02
3.02e+02
3.028+02
3.02e+02
3.02e+02
3.02e+02
3.02e+02
3.01e+02
3.01e+02
3.01e+D2
3.01e+D2
3.01e+02
3.01e+02
3.01e+02
3.01e+02
3.00e+02
3.00e+02
3.00e+02
3.00e+02
3.00e+02

Figur3-6 Temperatures configuration 3

9 The configuration 4 is unstabl@igur 3-7), because in the outlet

I NBFt2¢6 AYyRddzOSR mdRiodd (KS
has problems with inverse flow; the solution is change to a pressure
outlet condition who can work with inverse flows, which it has been
done in the configuration 5.

- LILIS | NE&

Residuals
-—contilnui.tt

— X~VEBl0Cl —

—vy-velocit Le<ll ]

energy Le+00 o

—epsilon 1

le-01 5

1g-02 5

le-03 4

le-04 A

le-05 4

le-06 5

le-07 4

1e-08 T T T T T T T T T )
10001500200025003000350040004500500055006000
Iterations
Figur3-7 Residuals configuratiod
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1 Configuration 5converges very well; as one can seeFigur 3-8
Residual configuration FBgur 3-8 the residuals are very low after
6000 iterations, only the -yelocity and epsilon residuals are keep

the same value (around £

epsilon

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

Figur3-8 Residual configuration 5

The temperatures fieldHigur3-9) iswhat one might expect, i.e. the
inlet temperature is the same as the externahd the only
differences of temperature appears inside the chimney and in the

jet.

3.02e+
I 3.02e+
3.01e+

3.01e+
3.01le+
3.0le+
3.01le+
3.01le+
3.01e+
3.01e+
I o 3.01le+
! 3.0le+
3.01le+
3.0le+
3.00e+
3.00e+
3.00e+
3.00e+
3.00e+
3.00e+
3.00e+

Figur3-9 Temperatures configuration 5
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 The FuentQa YI ydzt f &adaA3Sada dzasS GKAaA
effect problems[15]. The value of gauge total pressure was taken
following theadvice2 ¥ C$ ndaBudlii Q

Residuals
—contilnui.tt
—x-veloci ”

-y-velocit Le0d ]
—Energy
—epsilon le-02 4

le-04 A
le-06 +
le-08 A
le-10
le-12

0 250 500 750 1000 1250 1500 1750 2000 2250

Figur3-10 Residuals configuration 6

This configuration is which oneivgs the best results of
convergence. In 2250 iterations, all the residuals are belo®, 10
which is taken into account as the value of convergence. The
temperatures field is the same as the configuration 6.

The problem of this cdiguration is the velocit, as one can see in
Figur3-11, the inlet velocity is constant in the whole pressure inlet
boundary conditionand also the magnitude is close to the velocity
inside the chimney. That means, that the influence of the radiation
in the value of the flow rate will be minimized due tbat the
velocity in the inlet boundary conditiois around 20%he velocity
inside the chimney
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5.976-01 !
l 5.67¢-01 =
5.37e-01 ;

5.07e-01
4.77e-01 ;
4.478-01 !
4.18e-01
3.88e-01
3.58e-01
3.28e-01

B 2.98e-01
= 2.686-01
2.39e-01
2.09e-01
1.79e-01
1.48e-01
1.19e-01
8.05e-02
5.976-02
2.986-02
0.00e+00

Figur3-11Velocity configuration 6

Finally the configuradn 5 has been selected due to it is which gives the best
relation between convergence and approximation to the real problem in the
results (velocity and temperature).

3.2.2 Chimney CFD model

Before maing the full model of the chimneydifferent inlets havebeen
simulated. This action has been made to avoid the recirculation flaw
appears in the inlet.

First, the solar collectothad been replaced for a radiator boundary
condition, fixing the heat flow, to study the floaround the chimney

In the first casgwithout inlet), one can see the recirculation flow at the
inlet, that is the reason why differenlets configurations have been tested
to try to avoid this reflow. In any castese configurationslo not affect to
the stack effectas this ones are abys before the collector.

The reason, to find an inlet for the chimney, is that this one jwill to a
ventilation duct and this reflow hardly appears. Other reasons are the
stability of the simulation and the energy balance in the chimney (some of
the heat goes out and affect to the stack effect).

The following pictures show the steps to achieve the inlet for the chimney
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Contoure of Stream Function (kg/a)

un D3, 2011

Jun 03, 2011 J
FLUENT .3 (2d. dp: pbrs. rka] FLUENT 8.3 (2d. dp: pbns. ska) ‘

Figur3-12 Stream function inlet

Finally, it has been selected the next inlet.

Contours of Stream Function (kg/s) ul 12, 2011

|
FLUENT 6.3 (2d. dp, pbns, rke)

Figur3-13 Chimney inlet
The selected model to simulate the chimney has:

1 The boundary conditions selected before

1 The inlet selected, without slip conditions

9 The outside of the chimney is completely different bé inside;the
reason isto avoid the reflow what appears othe outside of the
inlet.

1 The solar collector has been changed for 32 fins. €keof the fin
will generated a heat flow, simulating the incident radiation; the
other side will be adiabatic.

1 The inside(wall and glazingdf the chimney has been considered
completely insulatedThis approximation can be prove easily:
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The UValue for the glazings 12 Wi/n?, the difference of
temperature is around®K and the area of glazing is7Bnf/m, so
the hed loss will be:

0="Y2624VY=1220,7522= 17760/ 64

Usually the input power is around 500W/m, which means

that the heat loss igess thanl%

The heat flow generated in the fins has been estimated
with the next equation:

~ U
U ="Cxos J aﬁtam 35
C Yoot -
a
| = &AM 'XE SOOI (GIeE (E QMR Q£ OUONCLE'Q
1 = A GEI 0 ECRE VMO QXL

The factor %tam is the part of the fin with receives the bean radiation

(Appendix Zand Appendix 3.

Figur3-14 Chimney CFModel
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3.2.3 Grid

The grid skected has particular care with the velocity and thermal boundary
layers in the wall inside the chimney and in the fins of the collector, as one
can see in the next pictures.

Figur3-15Grid fins

Figur3-16 Grid wall
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