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ABSTRACT

Sun intensity is different according to its angle of radiation. North and south or east or
west of a building will receive different solar intensity. The radiation also affected by the
inclination of the surface where sun radiates. Thus, the effect of the different
configurations is investigated. The radiation intensity for the collector and canopy in the
on-roof solar chimney is different since the material used is different which resulted in
different temperature. This difference in temperature will be a significant effect in-
analyzing the output of the solar chimney. The methods and analysis are done using
Computational Fluid Dynamics (CFD) software such as GAMBIT and FLUENT. The
analysis was also done for three cases with different configurations. Case 1 consists of
Configuration 1 (trimmed-inlet) and Configuration 2 (flat-inlet). The configurations were
analysed with two options of temperature distribution, Option A (same temperature for
left and right side of roof) and Option B (different temperature for left and right side of
roof). Case 2 have two different heat transfer consideration for the collector either
conduction or convection and is analysed for three different inlet diameter. Case 3 is
solar-biomass integration chimney configurations. From the simulation particularly from
FLUENT, the outlet velocity is different for different geometry configurations and

operating conditions.
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CHAPTER 1
INTRODUCTION

This chapter briefed on the introduction of the FYP project on Numerical Investigation of
“On Roof Solar-Biomass Chimney”. The project is focused in optimizing the renewable
energy. The principal source of renewable energy is solar radiation. Using solar
collectors, the radiation can provide hot water or space heating. Solar radiation can be
converted to useful energy indirectly, via other energy form such as bioenergy. Biomass
is a type of waste which includes tree and shrubs, agricultural, all forms of human, animal
and plant waste, etc that can be converted into energy. Biomass can be converted in

useful forms of energy by combustion, dry chemical process and aqueous process.

geothermal 2.3% ~hydro 30%
‘new’ biomass 9.5%— :

tidal 0.06%
—solar{?) 0.21%

e ‘
=y
i

~--weind $.57%

traditional -
biomassi i} 57%

Figure 1.1 - Estimated percentage contributions to world renewable energy supplies, 2001.
Total: 83 EJ (main sources: IEA, 2003; BP, 2003). Solar includes both solar thermal and
solar photovoltaic energy '

From figurel.1, there are many sources of renewable energy. Solar energy, as well as

wind, resource is a promising clean resource compromising the following features:



¢ No political impact in the sustainability and in the pricing policy of the sources.
¢ Environmental friendly.

¢ Renewable and sustainable resources.

Biomass, in the form of wood or other 'biofuels', is a major world energy source,
especially in the developing world which is also consider for the enhancement of this

project.

1.1 Background

In recent times, there are new exploitations from solar source. Solar chimney is used for
different applications in many countries. Usually, solar chimney or also known as
thermal chimney is a way of improving the natural ventilation of buildings. An
innovative power generation method was founded where electricity can be produced from
the on roof solar chimney and the studies on improving the efficiency are carried out. On

roof solar chimney may developed for electricity generation using Savonius wind turbine.

1.2 Problem Statement

The power generation was analyzed with the present of solar radiation from the sun. To
continue the power generation for whole day, the use of biomass was developed to
compensate the absence of sun during night and cloudy time. The analysis was limited to
single geometry configuration and further configuration required to be investigated. A
better computer aid is needed to observe the flow pattern of the fluid flow in solar

chimney.



1.3 Objectives:

1. To model the on roof solar chimney system.

2. To simuldte numerically the on Roof Solar-Biomass Chimney using CFD and
analyze the flow and heat transfer in the system.

3. To investigate, numerically, the chimney performance at different operational

conditions and different geometry configurations.

1.4 Scope of Study

The FYP project covers numerical investigation of the system and computational part
using computational fluid dynamics (CFD) software. There are needs to simulate various
configurations of roof and chimney using GAMBIT and FLUENT software to optimize

the design parameter. The study of solar and biomass integration also will be performed.

1.5 Significance of Work

Numerical investigation need to be done to get a better results and to proceed with the
implementation. The numerical analysis was intended to predict the flow pattern in the
chimney and would help in design criteria. CFD simulations are able to demonstrate the
optimization of the electricity generation. Thus, simulations from approved software are
planned to be carried out by the student in order to help the research group to achieve
their objectives. This research is also would be a solution for people in Sabah who are

suffering of inadequate of electric supply.



CHAPTER 2
LITERATURE REVIEW

The On Roof Solar-Biomass Chimney is a small scale application of power generation
which is planned for domestic use. To obtain the desired power generation, the air
velocity must be high enough to rotate the Savonius rotor. Thus, optimum solar radiation
and the ideal chimney position must be achieved. The analysis and the result are
expected from the Computational Fluid Dynamics (CFD) simulation by using Gambit
and Fluent software.

The On Roof Solar-Biomass Chimney is an enhanced application from solar chimney and
roof solar chimney. Solar Chimney is widely used for building ventilation. The
ventilation is categorized as natural ventilation where it can be categorized as wind
driven ventilation and stack ventilation. According to Joseph (1999), nowadays, natural
ventilation is not only used to provide fresh air for the occupants but also as an excellent

energy-saving way to reduce the internal cooling load of housing located in the tropics.

From the experiment conducted by Joseph (1999), the air which is driven by buoyancy is
continuously induced through the building with a rate depends mainly on intensity of
incident solar radiation. 0.04m/s air motion cannot satisfy occupants and higher velocity

of 2m/s is needed. The air motion could be increased by increasing the number of units of



solar chimneys on roof, eastern and western walls and by installing several free openings

at the northern facade of the room.

A study was carried out by Joseph (2001) to examine the performance of solar chimney
within an air-conditioning building. It is concluded that the solar chimney reduces the
accumulation of the building heat continuously. The solar chimney house consumes 10-

20% less electrical power compared with the common house.

Meanwhile papers from Jothirmay (2005) stated that at Jaipur (India), 45° of chimney
inclination is found to be optirhum for obtaining maximum réte of ventilation. It is 10%
higher compared to 60° and 30° inclinations. To predict the performance solar chimney,
study of heat transfer through natural convection was conducted. Parameters included
are: temperature of air inlet and outlet, ambient temperature, flow velocity, area inlet and
outlet opening. The assumptions made were steady state conditions and laminar air flow

in channel. The Energy Balance was written as below;

‘For glass cover,

Qrad t Grad,wait = Qeonv T hloss,giass

[incident solar radiation}+radiative heat gain by glass cover from absorber wall]=

[convective heat loss to air in flow channelj+Hoverall heat loss coefficient from glass to ambient]

For air

(conv,abs + qcol'lV,glaSS = hga

[convection from absorber Hconvection from glass]=[useful heat gain by the air]



For absorber

1= qgeonvt Grad(long wave) T Qeond

[solar radiation}=[convection to air in flow channel]+{long wave re-radiation to glass}+
conduction to main room]

It also established that the flow increases as the inlet height increases.

A thought experiment was suggested by Alan (2005) from the idea of solar chimney in
Manzanares, Spain using Convective Energy Conversion Cycle (CECC). The system is

known as Solar Chimney plus Bell Jar.
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Figure 2.1 - Solar Chimney plus Bell Jar (SCBJ)

The solar absorber remains the driver of the system. In this closed configuration, as solar
energy is taken up by the absorber, the total volume of air inside the bell jar cannot
expand. A flow pattern will be established taking air from (a) to (b) to (c) and return to
(a). This will transport energy from the absorber to the turbines which export energy and
through the large expanse of the bell jar where some energy will be lost through the glass.



Alan concluded that the only loss of energy is through the glass of the bell jar and the

result is solar energy will be converted into electricity with very high efficiency.

Design of solar chimney especially on roof solar chimney, must take into account the
architectural integrity of building while giving importance in providing efficient air
movement. Factors influencing the chimney design are the location, climate, building

orientation, size of building to be ventilated and internal heat gains (Harris, 2006).
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Figure 2.2 - Solar Chimney configurations

As explained by Harris (2006), the basic principle of a solar chimney is illustrated in
figure below. Solar radiation passes through glazing and absorbed at the wall surface.
The air in the chimney then heated by convection and radiation from the absorber. The
heated air becomes hot and less dense thus moving upward through the chimney. The
cool air from the building or the room will replace the air in the chimney and create

continues process.



Heated airin cavity fises
Bladck absorbear

Solar radiation

Absorbed ‘ S Insutation
hest . o

' amitted to
cavity

AN

/!

glazing

Airmowement

Figure 2.3 - Operation of Solar Chimney

A paper produced by A.Murthi (2006), carried out CFD simulation to evaluate the solar
induced ventilation in terrace house model in Malaysia. Base on the simulation resuit,
the average air velocity in the pipe is 0.1m/s. His paper concluded from his research and
previous research that air velocity without considering the wind effect is influenced by
climate parameters (solar radiation and ambient temperature). The low indoor air
velocity and high ambient temperature may create unwanted negative ventilation by
limiting room design parameters in terrace house. Optimum design parameters (height,
width, length and material) of a vertical solar chimney can be deduced by comparing

simulation results based on previous research.

Research done by Harris (2006) was assisted by CFD model with heat network. Heat

network is solved in a conventional way using basic equations and heat transfer



correlations. The governing process is the basic stack effect where it states that warmer

air experiences an upward pressure in relation to cooler air, due to decrease in density.

Gair = ch(T m,o ~T mg)

i
] ] _ Gioss = AgUg (Tg-Tou))
| dewra.
W N gr= AUy, (T ~T,)
e 4g = Agh (Ty — Tat)
N Ak (T~ Ta) = g
......_ : . din = T, qsol
- o : . e ot ng)
] ley+ 1 . +1-5
Sloss — = : ewdy AwFug ggdg

Figure 2.4 - The overall heat network

After prediction of the surface and air-conditions and mean flow, the results were entered
into CFD program to evaluate actual flow characteristics. Heat transfer coefficients were

calculated using Nusselt Number, conductivity of air and hydraulic meter.

h = Nuk / Dy where Nu = f (Rep, Pr)

From the experiment, it is concluded that maximum air flow is given with the low
emissivity and cavity width of 0.25m and minimum flow is given by double glazing high
emissivity and cavity of 0.1m. Varying the slope of the chimney resulted in variations in
the performance where the flow rate increases for up to 67.5° (angle of inclination), and

for lower angles than 45° the flow reduces.



A successful simulation was done using FLUENT software by Tan (2007) on flow driven
by natural convection in a solar roof collector operating at peak midday conditions in
Malaysia.

/
| \

/ | \ \\‘ | /‘ap plate

__,,.a—" Alr flow

Botton: plate

“”H-h_..‘_.q_

Figure 2.5 - Conceptual operation of a solar roof collector

The flow is assumed to be two-dimensional, steady state and laminar based on the low air
speeds in the air gap and the living space shields the inlet stream from atmospheric
disturbances. The momentum, continuity and energy equation are solved using the
coupled solver. The computational domain is placed horizontally and by varying the

gravity direction, various inclinations are modeled.

Ali Nazarian (2007) have highlighted that the heat transfer of air by convection is a
combination of natural convection and forced convection. Thus Nu used in calculation
for the on roof solar chimney is

N = Nul'v + Ny
Where
n=3 is suggested for laminar and turbulent starts
Nun = natural convection correlations

Nug = forced convection correlations

10



The solar chimney has been initiated by America, Spain, China, India, Australia and
Turkey in the effort to find a cleaner and abundant source of energy. These projects have
been in the form of large solar power plants that could generate MWatts of power. The
first planning of a pilot power plant has been carried out and its construction started at
Manzanares-Spain, Haff, et al, 1981. Then after, the solar chimney has been subjected to

numerous experimental, theoretical and numerical analyses (Hussain, 2008).

Solar radiation

N/
i

2. Chimney

| 3. Wind Turbine

1. Solar Collector

4. Water-filled Tubes

Figure 2.6 -Principle of the solar chimney: glass roof collector, chimney tube, wind turbines

Robert (2008) had come out with an analysis of the on roof solar chimney in conjunction
with the optimization of flue gases heat to run the rotor inside the chimney. Figure below
shows his analytical drawing of thermo fluid mechanism modeling on roof solar

chimney.

11
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Figure 2.7 - Modeling of the thermo fluid mechanism in half side of the roof

The system consists of three layers of materials producing two passages. The outer
layer is the canopy which is made of transparency material. The intermediate layer is
made of corrugated metal sheet black painted in the upper surface to absorb as high as
possible of solar radiation. The third layer is insulator covers the original roof to

prevent the heat to transfer to the interior of the house.

Ttg ave Tep. 13 T, air W ch\ T,
hfg kab halr

Teo
kg hwinrl

Figure 2.8 - Heat transfer networking in the Roof Solar Chimney system

A suggestion to maintain the efficiency of the roof chimney is given by Norhusna (2008)
where by increasing the thickness of the collector; more heat could be absorbed and
stored in collector. Later these heats slowly dissipate during night and still manage to

create airflow although the efficiency is lower than the daytime.

12



CFD modelling was done by A.Murthi and M.Hamdan for Solar Induced Ventilation.
From the result, air velocity on the trombe wall and solar chimney model can increase air
flow up to 0.5m/s while solar roof until 0.3m/s. This depends on the opening position
and the experiment was run where the air velocity zone for solar chimney model was

broader than tromble wall.

Zoltan has done detailed mathematical simulation and experimental investigation of
airflow in solar chimneys. The chimney is divided into a large number of blocks from
the bottom to the top; a multi-zone model can be constructed. The model takes the
buoyancy effect, friction losses, radiation, convective and conductive heat transfers into
account. The experimental apparatus is a chimney channel with changeable channel
thickness and inclination angle. Electrically heated panels below the aluminum wall
surface provided the heat flux. The backside was heavily insulated. The conclusion was
the simulation model is able to predict flow rates for a wide range of variables although

there are some differences.

Figure 2.9 - Experimental apparatus

13



CHAPTER 3
THEORY

In this theory part, the basic equation of heat transfer and energy balance equation are
explained. The governing equations were obtained during the study of literature survey.
Since the on roof solar chimney is exposed to atmosphere and solar radiation, there are
several types of heat transfer through the parts of the on roof solar chimney. Parts that
are taken into consideration are such as canopy (transparent cover) and collector
(absorber) which experienced heat transfer of convection and radiation on. The
temperature, heat and fluid flow of the air are also important in evaluating the

performance of the solar chimney.

3.1 Heat and fluid flow

The top part of the on roof solar chimney, which is canopy is heated by solar radiation.
The radiation passes through the transparent cover (canopy) where some radiation is
reflected,qragcover and some are absorbed,qabs coverr HOwever, those amounts are
negligible. A portion of the solar radiation will be absorbed by the collector which is
painted black. On the collector, there are two types of energy which are energy reflected
from the collector, graqcoliector and the energy absorbed by the coliector, qabs, cottector. The
collector would heat up the surrounding air by natural convection which results in
temperature increase of the air and the density decrease due to expansion. Thus the air

gain energy, qeonv.qir and provide the driving force for the Savonius rotor.
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i
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N

Insulation

Figure 3.1- Cross sectional layer of Cover and Collector

3.2 Heat transfer on collector

The total energy input gained by collector can be described using equation below;

e = Tglass X I X 0 X A,

Where
Toass — Jransmissivity of the cover I = Solar intensity
a, = Absorptivity of the collector A, = Area of the collector

Transmissivity is fraction of the incident radiation passing through the cover while
absorptivity is fraction of the incident radiation absorbed by the collector. Usually glass
has higher transmissivity and collector which painted in black also provides higher
radiation absorption. This criterion help in enhancing the heat transfer of the collector.
Solar intensity in Malaysia by average is known to be 700-800W/m2. To maximize the
effective heat transfer process, larger area is designed using corrugated shape collector.
To reduce the losses of heat absorbed into the house or the building, insulation is applied

below the collector.
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Figuare 3.2 - Parameter used in the numerical simulations

The outpui energy is the summation of energy loss due to radiation Qed, coltector and the
transfer of energy absorbed by the collector to adjacent air (which is equal to energy
gajned by the ail'), qconv’air-

Grad collector = EC ( T45 - 'I‘4a )Ac

Where

g = Emissivity of the collector o = Stefan-Boltzman constant
T; = Surface temperature of collector T, = Air temperature at inlet
A, =Area of the collector

3.3 Heat transfer to air

Heat gained by the collector is transferred to surrounding by convection which is due to

temperature difference between surface and air.

Qeonv, air = Ac X E X (Ts—Tw)

Where
A, = Area of the collector

16



h = Mean convection heat transfer coefficient

kxNu
L

4

:}7:

(Where

k = thermal conductivity of air at T,,, Nu = Nusselt number, L. = characteristic length)
T, = Surface temperature of collector
Tw = Mean temperature of the air

= (Ts+ TQ/2 (where T, = Air temperature at inlet)

Nu accounts for both convection and conduction heat transfer.

hL N hL AT  hAT —  Convection heat transfer

k T *  Conduction heat transfer

The convection process is expected to be a combination of natural and force convection.
Thus, the resultant Nusselt Number, Nu is combination of forced convection correlations,

Nuy and natural convection correlations, Nuy.

N =Nu'r+ Ny where n=3 is suggested for laminar and turbulent starts

Nu is also incorporates a number of correlations for various conditions with respect to

Reynolds,Re and Prandtl number,Pr.
Nu =f(Re, Pr)

ThUS, hair = kajr X Nll]),air /D

17



3.4 Heat transfer inside channel

Prandtl, Pr= where

Y
a
v = flow property relative to the momentum

a = thermal property relative to diffussitivity

Nature of motion of particles makes it laminar or turbulent.

U 17 -
¥
Y WA &
t t
Laminar Turbulent

Figure 3.3-Flow velocity difference between laminar and turbulent flows
Thus, for turbulence, the flow is U= U + [P where U’ is the turbulent part in the flow.

To compensate the fluctuation of the flow, k- model is used.

From the free convection empirical correlations for inclined plates (cold surface up or hot

surface down), the recommended correlation is

Nu, =40.825+

2
0.387Rar’®
,g>gcost

1+ (0.492/pys [P

And the restrictions is 0 < 8 <60°
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3.5 Turbulent Viscous Model

The flow is assumed to be turbulent flow with K-& (epsilon) model, specifically, Re-
Normalisation Group (RNG) model. RNG is better than Standard model because this

model renormalise the Navier-Stokes equations and to account for the effects of smaller

scales of motion,

The flow of air in the chimney is low turbulent. Thus, k- € model is preferable. Since the
flow has low Reynolds number (Re), RNG k-g¢ model is suitable than Standard k-e model.
It is because Standard k- model is used for high turbulence model and is not suitable for
low turbulence model. Using this model, the turbulence specification method is chosen

to be intensity and hydraulic diameter instead of K and Epsilon to get better result.

3.5.1 The RNG k- £ Model

The RNG k-¢ model was derived using a rigorous statistical technique (called
renormalization group theory). It is similar in form to the standard k- € model, but

includes the following refinements:
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* The RNG model has an additional term in its & equation that significantly

improves the accuracy for rapidly strained flows.

= The effect of swirl on turbulence is included in the RNG model, enhancing

accuracy for swirling flows.

= The RNG theory provides an analytical formula for turbulent Prandtl

numbers, while the standard k- € model uses user-specified, constant values.

= While the standard k- £ model is a high-Reynolds-number model, the RNG
theory provides an analytically-derived differential formula for effective
viscosity that accounts for low-Reynolds-number effects. Effective use of this
feature does, however, depend on an éppropriate treatment of the near-wall
region,
These features make the RNG k- £ model more accurate and reliable for a wider class of
flows than the standard k- € model.

The RNG-based k- £ turbulence model is derived from the instantaneous Navier-Stokes
equations, using a mathematical technique called “renormalization group” (RNG)
methods. The analytical derivation results in a model with constants different from those
in the standard k-~ ¢ model, and additional terms and functions in the transport equations

for k and s.

3.5.2 Transport Equations for the RNG k- £ Model

The RNG k- £ model has a similar form to the standard k- £ model:
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In these equations, Gy represents the generation of turbulence kinetic energy due to the
mean velocity gradients. Gy is the generation of turbulence kinetic energy due to
buoyancy. Ywm represents the contribution of the fluctuating dilatation in compressible

turbulence to the overall dissipation rate.

3.5.3 Modeling the Effective Viscosity

The scale elimination procedure in RNG theory results in a differential equation for

turbulent viscosity:

AN N
B (A S S A
W virt =14,

where

o= pafp
¢, = 100

Equation above is integrated to obtain an accurate description of how the effective

turbulent transport varies with the effective Reynolds number (or eddy scale), allowing

21



the model to better handle low-Reynolds-number and near-wall flows. In the high-
Reynolds-nrumber limit, Equation 10.4-6 gives

K2
fte = pC "

with C, = 0:0843, derived using RNG theory. It is interesting to note that this value of C,

is very close to the empirically-determined value of 0.09 used in the standard k- ¢ model.

In FLUENT, by default, the effective viscosity is computed using the high-Reynolds

number form in equation above.

3.5.4 RNG Swirl Modification

Turbulence, in general, is affected by rotation or swirl in the mean flow. The RNG model
in FLUENT provides an option to account for the effects of swirl or rotation by

modifying the turbulent viscosity appropriately. The modification takes the following

. k
fe =ty | (rrs. 3 -)
3

Where py is the value of turbulent viscosity calculated without the swirl modification. Q

functional form:

is a characteristic swirl number evaluated within FLUENT, and o is a swirl constant that
assumes different values depending on whether the flow is swirl-dominated or only
mildly swirling. This swirl modification always takes effect for axisymmetric, swirling
flows and three-dimensional flows when the RNG model is selected. For mildly swirling
flows (the default*in FLUENT), a, is set to 0.05 and cannot be modified. For strong

swirling flows, however, a higher value of a5 can be used.
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3.5.5 Calculating the Inverse Effective Prandtl Numbers

The inverse effective Prandtl numbers, oy and o, are computed using the following

formula derived analytically by the RNG theory:

4.6321 0.35879

o 4 23999

a — 1.3929  trml
g — 1.3929 og + 2.3920 g

where o = 1:0. In the high-Reynolds-number limit (pyo/Mesr < 1), oy = 0. = 1:393.

RNG model is more responsive to the effects of rapid strain and streamline curvature than
the standard k- € model, which explains the superior performance of the RNG model for

certain classes of flows.

3.6 Area and Diameter Calculation for FLUENT input

Collector or absorber is usually flat or corrugated plate. The corrugated area, A, is

calculated from flat area, As
Corrugated plate area, A. = n/2 x Flat plate area, A¢ = 1.57 x As

Where
Ar= width x length

Hydraulic diameter, D, =4A /P

Where
A = Area = width x length
P=2¢)
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CHAPTER 4
METHODOLOGY

4.1 Tools

CFD software that used to accomplished the project objectives are;
i) GAMBIT software
i) FLUENT software

4.2 Technigue of Analysis

CFD simulation is done to get better result on the air flow inside and outside the chimney
and to improve the electricity generation. The parameters required in simulation are such
as dimension of the design, temperature of collector and cover, intensity of solar
radiation, pressure or velocity inlet of the chimney. Navier-Stokes, mass and energy
conservation equation governing the fluid flow will be involved in simulation. The
numerical simulation of air movement in solar chimney will produce the result on
velocity and temperature of solar chimney outlet. The expected outputs from simulation
are distribution of pressure, temperature and velocity of chimney inlet. The simulation is

expected to be applied for solar - biomass integration system too.
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From the GAMBIT sofiware, 2D or 3D drawing is produced. The desired drawing is
drawn in coordinate system. The design drawing is started with vertex, edge and
finalized with face formation or straight choose volume. Later, the 2D or 3D drawing is
meshed with required information and later the file will be exported to FLUENT
software. In the FLUENT, all the value of properties of the fluid and the surrounding of
it is entered inside. The graph plot and contour display is used to view the output. Asa
result, the velocity, pressure, temperature distribution pattern, the skin friction coefficient

manipulation and other criteria is observed using the CFD software.

Since this project need is to find the suitable parameter to optimize the electricity
generation by obtaining higher outlet velocity from chimney, several drawing and
simulation are brainstormed. And all the drawing will be analyzed using the CFD
simulation. Once the satisfied value is obtained, further action will be taken after

consultation with this project supervisor.

4.3 Procedures

The analysis is done for three cases with different configurations. Below shown are the
cases to be investigated. Each configuration is drawn in GAMBIT as 2D drawing and
run in FLUENT software.

Table 4.1- Case 1 to be investigated

Configuration 1 Option A
Option B
Case 1 : i
Configuration 2 Option A
Option B

25



m

0.1m

Figure 4.1-Dimension of the roof and chimney drawing for case 1

Inlet configuration 1

Inlet configuration 2
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Table 4.2-Case 2 to be investigated

Dj, = 0,050
Collector a) — m
Temperature b) Dy, = 0.057m
Configuration 3 ¢) Dip = 0.100m
a) Din = 0.050m
Convection b) Din = 0.057m
Case 2 ¢) Din = 0.100m
a) Dy, = 0.0707m
Collector
Temperature b) Dy, = 0.0806m
Configuration 4 ¢) Din =0.1414m
a) Din = 0.0707m
Convection 'b) Dia = 0.0806m
¢) Di, =0.1414m

Figure 4.2-GAMBIT drawing for case 2
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Table 4.3-Case 3 to be investigated

Configuration 5

Case 3

Confi guration 6

im

B Biomass

S

Figure 4.3-Dimension of the roof and chimney drawing for case 3

Table 4.4-Terms description for each configuration

Term Description Collector position
Trimmed inlet with 1 surface contact
Configuration 1 of collector On the roof
Flat inlet 1 surface contact of
On the roof

Configuration 2

collector

28




Configuration 3

Trimmed inlet with 2 side of coilector

surface contact

In between canopy and roof

Configuration 4

Flat inlet with 2 side of collector

surface contact

In between canopy and roof

Configuration 5

2 trimmed inlet ( air and biomass)

In between air and biomass

flow

Configuration 6

2 flat inlet ( air and biomass)

In between air and biomass

flow
Same temperature for left and right
Option A side of roof
Different temperature for left and
Option B right side of roof i
Table 4.5 - Option A and Option B details
Option A Option B
Ambient temperature 31°C Ambient temperature 31°C
Canopy temperature 80°C Right canopy temperature 80°C
Left canopy temperature 67°C
Collector temperature 53°C Right collector temperature 53°C
Left collector temperature 49°C
Tablé 4.6-Materials used in solar chiiiiniey system
Item Collector Cover Flow Medium
Material Aluminum Perspek (Glass) Air
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4.4 Work Flow Exe¢cention

C  START )

. Information gathering on FYP topic

h

Understandmg on problem statement and
- .. objectives of project - -

s Identlﬁcatlon of: pro;ectjresearch work
' i requnrements

!

;_":Study on prev_lous students works related to
' this project _

. Gathering of literature review (additional)

I

 Analysis of design”

" Acteptable Result

Yes

R

Analysss of result

" Presentation of final result

v _

Figure 4.4-Work Flow Chart
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CHAPTER 5
RESULT & DISCUSSION

3.1 Sawmple of Fluent Result

5.1.1 Different Inlet Configuration Results

5.1.1.1 Case 1, Configuration 1 - Trimmed Inlet

THTE T

ol i Vil rikade Ll Vel Cobud By Vel
P y Llage {rainy 2 55, 4o, g My 4 T Vecnm By Vebos iy Mg 530 [rare) S wwa)m

Figure 5:1- Casel 1A-From top to bottom; left to right:
Velocity Contour, Velocity Contour Mesh, and Velocity Vector
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5.1.1.2 Case 1, Configuration 2 — Flat Inlet

2009
FLUENT 6.2 @, dp, Wgngad, _lﬁ’;l:",

FLUPAT 12 24, 5, mawgeat A

=)

i 2, 2030
FLUBHT 5.2 6, dp, mawpend, )

Figure 5.2- Casel2A-From top to bottom; left to right:
Velocity Contour, Velocity Contour Mesh, and Velocity Vector

5.1.1.3 Case 2, Configuration 1 - Trimmed Inlet (Convection)

| Conbue o1 Veboily Magnitude [z}

FLUENT 6.2 5, t, sesrogmmny gioy

Cormus el ety Magriiode. (nesf

ey 38, 2050
FLUENT £.2 24, dp. aegmeguied, cophw)

| Vol Wacm Colowd By Vabe by Sagrinaie ()

o Sy 20, 2000
nutiﬂumb,-snmgh

Figure 5.3-Case232-From top to bottom; left to right:
Velocity Contour, Velocity Confour Mesh, and Velocity Vector
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5.1.1.4 Case 2, Configuration 2 - Flat Inlet (Convection)

FLUENT 6.2 (34, dp, sqwDund, ke

ikl : T
2.%01 450001
0000400 % 2]

Cal of Verbery Sagriide bl Wik iy Yat-igtp Cotound By Vidoeily Magnitade 2008
el lebery b FLUENT 6.1, 0, g ) * hidind = FLUENT 53 4, dp, mpmoeic )

Figure 5.4-Case242-From top to bottom; left to right:
Velocity Contour, Velocity Contour Mesh, and Veleocity Vector
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5.1.2 Different Case Results

5.1.2.1 Case 1, Configuration 1, Option A

Corbun 619kl Tempemie [

e
FLENT 52 4t miwgand ey |-

. e 05,2019
FLUENT 6.2. Rd, dp, segrgand, mgie)

Comam ol Voboly kagritide 0
e gt 2] FUIENT62 Eﬂndi,mlﬁ::mhl

5, 2000

\ohottr Yoetim Cobred 6 Yohoiy Magriare fs)

My 05, 2009
FLUENT.6.2 £, dp, s00mgRc, ,,‘,5;,,

Figure 5.5 -Case 11A-From top to bottom; left to right: Temperature Contour, Velocity

Contour, Temperature Contour Mesh, Velocity Contour Mesh, and Velocity Vector
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5,1.2.2 Case 2, Configuration 3, Option 1(Collector Temperature)

ooz ol ko Tomﬁun *)

FLUENT 62 4, &, nsnsi:’ F@ﬁw}

ay 05, 2000
FLUENT 829&&;»9»93:? m?bl

200
}

| Comoues of Yelooly Magnitudo [rws}

. 705, 2000
meﬁﬂmgmwg&m

Yalocly Ve Gobmd: By kit Magniaude (rurs)

05, 200
FLUDNT 62 @4, &, momgebd mhe)

Figure 5.6- Case 2311-From top to bottom; left to right: Temperature Contour,
Velocity Contour, Temperature Contour Mesh, Velocity Contour Mesh, and Velocity

Vector

37



38

5.1.2.3 Case 3, Configuration 5
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Figure 5.7 - Case35- From top to bottom; left to right: Temperature Contour, Velocity

Contour, Temperature Contour Mesh, Velocity Contour Mesh, and Velocity Vector



5.2 Temperature and Velocity Plot

5.2.1 Case 1, Configuration 1, Option A
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5.2.2 Case 1, Configuration 1, Option B
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5.2.3 Case 1, Configuration 2, Option A
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5.24 Case 1, Configuration 2, Option B
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5.2.5 Case2, Configuration 3, Option 1a
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5.2.6 -Case 2, Configuration 3, Optien 1b
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5.2.7 Case 2, Configuration 3, Option l¢
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5.2.8 Case 2, Configuration 3, Option 2a
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52.9 Case 2, Configuration 3, Optien 2b
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5.2.10 Case 2, Configuratien 3, Option 2¢

O =afr I
13402
3120402
3118402
3.108+02 .
Siatic
T'&ﬁ"‘l]fiéi‘a’[lji"& 380402
(k)
2080402

3070102

LAl vy e b e g Loy s e by lasak

2.08+02 N T " — T r T r T - 1
-0.05 -0.04 -0.02 0 .02 004 006

Position {m)

May 24, 2009

Suafic Tempammums . :
FLUENT 8.2 (2d, dp, seqregaiad, rngha)

Static Temperature Plot

CFitics
5500400 -
6.256400
.00+ 00
5.759+00
Vielocity 5.80es00

Magnituds
{mis) 575000 °

4 .30a+:00 -l : T T T L T T T T T T ¥ T
‘ 006 004 -0.02 0 002 0.04 0105

Pasition {m)

Yelociy Magnituds May 28, 2o0a
FLUENT 6.2 (24, dp, segregatked, rnghke)

Velocity Magnitude Plot

48



5.2.11 Case 2, Configuration 4, Option 1a
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5.2.12 Case 2, Configaration 4, Option 1b
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5.2.13 Case 2, Configuration 4, Option le
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5.2.14 Case 2, Configuration 4, Option 2a
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5.2.15 Case 2, Configuration 4, Option 2b
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5.2.16 Case 2, Configuration 4, Optien 2¢
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5.2.17 Case 3, Configuration 5
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5.2.18 Case 3, Configuration 6

| SR 1N 1
21802 "
3.182¢02
3.180+02

3180402

L Stalic i
Temp&fﬁtu:{& 2170407
217402

3.16e+02 S

-0.06 Lh0 -0.02

3160402 ——
0
Position {m)

oGz 0.04 0.06

Static Tempamiune

. May 035, 2008
FLUENT £:2 [2d, dp, 2egregaled, rnghs)

Static Temperature Plot

slii ey wbEmd

7 008+ 00
6.90e+00 - <
6:000+00 .

Velocity §

Magnitude:
g {mfs) 550e+00

B.00e+00

4 502400 T T T T v T
-0.06 L0 -0.02 a

0.0z £.04 006

Position {m)

¥Yelociy Magnitude

May 05, 26009
FLUENT 6.2 {24, dp, segregaed, mka)

Velocity Maghitide Plot




5.3 Veloeity, Temperature and Mass Flow Rate

Table 5.1 - FLUENT result on chimney outlet velocity and temperature with mass flow
rate from outlet for different configurations and conditions

v T,y | Tw | AT |
Petails
(m/s) K) )| & (kg/s)
Configuration Option A 5204 | 315.14 | 304 | 11.14 | 1.9047
Case 1 Option B 15381 | 31343 | 302 | 9.43 | 1.0694
1 | Configuration Option A 5610 | 314.27 | 304 | 1027 | 2.0533
2 Option B 5613 | 31324 | 304 | 924 | 20524
Do =0.050m | 4.046 | 321.52 | 304 | 17.52 | 1.4809
Collector
D, =0.057m | 4431 | 315.89 | 304 | 11.89 | 1.6217
Temperature
Configuration D,=0.100m | 6.421 | 312.55 | 304 | 8.55 2.3499
3 D,.=0.050m | 3.758 | 30934 | 304 | 5.34 | 13755

Convection { Dy, =0.05Tm | 4.116 { 307.55 | 304 | 3.55 1.5066

Case { D,=0.100m | 6:361 30633 | 304 2.33 2.3279
2 D,, = 0.0707m 3.833 322.86 | 304 | 18.86 1.4030
Collector
' _ 4486 | 318.63 | 304 | 14.63 1.6417
Temperature D;, = 0.0806m
Configuration | | D, =0.1414m 6.250 | 317.719 | 304 | 13.79 2.2874
4 D,, = 0.0707m 4.111 30022 | 304 | 5.22 1.5047
Convection D,, = 0.0806m 4498 | 30790 | 304 | 3.90 i.6462
D, =0.1414m | 6.503 ] 306.46 | 304 | 2.46 2.3802
Case Configuration 5 6.146 | 321.20 | 304 | 17.20 2.2494
3 Configuration 6 6.900 | 318.71 304 | 14.71 2.5254
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5.4 Discussion

From the result shown above, Configuration 2 and 4 (flat inlet) resulted in higher
exit velocity at chimney outlet than Configuration 1 and 3 (trimmed inlet). The
reason for configuration 2 yield higher velocity than configuration 1 might be due to

larger inlet area. Below shown is the justification for the reason.

A/O'.OSm

0.0707m

Inlet area Configuration 1,3 Inlet area Configuration 2,4 Config. I<Config. 2

Figure 5.8 - Justification for higher velocity result

The simulations were also run for different types if collector plate shape; corrugated
and flat plate area. Shown below is the temperature obtained for two shape of

collector.

Table 5.2 - FLUENT result on different types of collector plate

Plate Shape Flat Plate | Corrugated Plate | Difference

Trimmed inlet (configuration 1}

Option A- 5.204 5178 0.026-

Option B 5381 so70 | 0311

Flat inlet (configuration 2)

Option A 5.610 5.450 0.20

Option B 5.613 5.401 0.212

From the table:above, it is observed that the- velocity differences between flat and
corrugated plate are insignificant and it is very small (less than 0.5).
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CHAPTER 6
CONCLUSION & RECOMMENDATIONS

6.1 Conclusion

As a conclusion, the objectives of the project are achieved through great
supervision by supervisor and with continuous effort of running the simulations in
CFD. The requirement of project to run the on-roof solar chimney design with
different geometry configurations and with different operating conditions is
accomplished. From the CFD simulations result, different chimney inlet areas do
affect the outlet velocity. . The velocities obtained are near with the experimental
value done by previous student. Different collector position and number of surface
contact of collector do affect the velocity since variation in heat transfer. Inlet
velocity is affected by inlet area, thus, increasing the inlet area give us higher inlet
and outlet velocity. Biomass integration with solar chimney is done to observe the
effectiveness of using heat from flue gas (recycle the heat). The integration does
benefit by increasing the speed of air to reach the chimney outlet with higher

veloeity.

6.2 Recommendations

Further study on the effect of different inclination angle of solar radiation can
be carried out. Additional investigation can be done by varying material for
collector and cover. To find the optimum inlet area, investigation using different and
bigger inlet diameter than diameter used in this project should be done. It is also

recommended to use different dimension of on-roof solar chimney according to
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house build in Malaysia of inclination of roof, and integration with other source of

biomass or wind.

There are few problems faced during the work progress. The main factor is
lack of experts to guide the students on CFD simulations, especially GAMBIT and
FLUENT. The recommendation is to provide experts in CFD to facilitate FYP
students on how to use and learn it, more than a beginner level. In addition, a
medium for the FYP students to clear their doubt also should be provided.
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APPENDIX

Properties Table
Air properties
Parameter Symbol Value Unit
Mean Temperature Tm 3285 K
Conductivity k 0.028409 WmK
Viscosity 0.000018757 m?/s
Absorptivity o 0.000026718 | m¥s
Prandtl Number Pr 0.70301
Collector and Cover (Canopy) properties
Items Details Unit
Collector material Aluminum
Collector thickness 7 mim
» Density 2179 kg/m’
» Specific heat 871 JkgK
= Thermal conductivity 202.4 W/mK
Canopy material Perspex
Canopy thickness 2 mm
-« Density 1190 kg/m’
» Specific heat 840 Jkg K
» Thermal conductivity 0.9 Wm.K
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Hydraulic Diameter,D,, for corrugated and flat plate collector

Plate Shape |  InletDy, | Outlet Dy,
Trimmed inlet (configuration 1)
' Flat Plate 0.09836
Corrugated Plate 0.09894 0.1935
 Flat inlet (configuration 2)
Flat Plate 0.1368
 Corrugated Plate 0.1380 0.1935

Sample Caleulation for Hydraulic Diameter
i) Roof Inlet

For Configuration 1 + Flat Plate
A=3mx 0.05m= 0.15m’
P=2(3m+0.05m) =6.Im

Dy = 4A/P = 4(0.15m7)/6.1m = 0.09836m

For Configuration 1 + Corrugated Plate

A= (3m)x 0.05m = 0.2356m’

P=2(3mx #/2 + 0.05m) =9.5248m

Dy = 4A/P = 4(0.2356m%)/ 9.5248m = 0.09894m

it} Chimney Outlet
A=3mx0.lm= 0.3m?
P=2(3m+0.lm) =62m

Dy, = 4A/P = 4(0.3m%)/6.2m = 0.1935m

Hydraulic diameter, D;, for each configuration of Case 2

Configuration Configuration 3 Configuration 4
D;, (m) 0.050 0.057 0.100 | 0.0707 | 0.0806 | 0.1414
Dy, (m) 0.09836 | 0.11187 | 0.1935 | 0.1368 | 0.1395 | 0.2701
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Convection Coefficient, 2 Calculation

For second case (Case 2), where two —side collector surface contact is assumed,
convection coefficient, # have to be determined to run the simulation for heat

transfer concern. Thus, calculation shown below is used to determine the h value.

Charateristic length,L. L = A

Where A, for cuboid shape of height, d with a rectangular footprint of width a x b is
As=2(axh)+2(a xd) +2(bxd)
=2(3 x1.9) +2(3x0.007) + ( 1.9 x0.007)

=11.4686m">

Thus, L, = 1/11°4686 =0.9553
4z

_ gpI:—1- W) L?
vor

Ra,
Values that substituted in Rayleigh equation is calculated as follows;

T,

m

_ (353+304) ; 309) _ 3085k

-1 0.003044K
328.5

_(geos BT —-To)L
B va '

Ra,

_ (9.81c0s 45°)(0.003044)(353 - 304)(0.9553)°

=1.7999x10°
(18.757x107°)(26.718x107°)

Ra,
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The Nusselt number, Nu for the flow inside the channel is calculated from

<5 9\1/6
N = {0_825+ ~0.387(1.7999x10°)

b =147.1735
1+ (0.492/0.70301) |

Since,
—ﬁ;L _ _'h“_l';,_ 9 };: Nu L k
k L
Thus,
A -3
7= Nu .,k » (147.1735)(28.409 x107) — 43767

L 0.9553

Later, for each configurations, mass flow rate at chimﬁéy outlet is calculated as
m = pAV

Where

Pair = 1.22kg/m’

A=3 x0.1=03m’

V= qutlet velocity

Inlet pressure estimation
P=pgh
where

h = difference of height of outlet point to inlet point

P, = p.,gh = (1.22kg/m3).(9.81m/s2).[1-(-1.4496)] = 29.3173Pa ~ 29Pa
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