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This research analyzed the potential of roof attic and its attached solar chimney in a natural ventilation of
a model house by using computational fluid dynamic (CFD) methodology. The program ANSYS CFX was used in
this analysis to asses the influences of solar intensities and geometric parameters, namely: roof inclinations, sizes
and heights of solar chimney, chimney positions and inlet positions. In addition, flow paths and roof shapes
were also studied. The computations were conducted both in 2 and 3 dimensional configurations using
unstructured mesh with a viscous flow assumption. The solar heat absorption was modeled as a uniform heat
source while neglecting the secondary heat sources such as those from appliances. It was found that the air flow
rate was directly proportional to solar irvadiation and was also affected by structural parameters. For the effects of
structural parameter, the research found that: channeled roof was better than triangular roof, diverging channel
gave better results than straight channel, appropriate roof angle was 30 degrees, increase of roof height and
channel width could increase flow rate. The obtained results are useful information to help guide a better design of

natura} ventilation in a real building.
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Air mass flow rate (x 1{]‘4 kg/s)
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Air mass flow rate, kg/s
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2
Intensity, W/m
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Dimensioniess velocity and ternperature profiles in natural convective
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The variable of heat transfer coefficient with x
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@  gsteady-state DY transient flows
®  laminar IWG¥ turbulent flows
® subsonic, transonic A% supersonic flows
® heat transfer
©  buoyancy
® pon-Newtonian flows

® transport of non-reacting scalar components
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This rua of the CFX-5.5.1 Solver starled at 15:39:31 on 27 Dec 2003 by user
polly} on POLLY {inte]_p3_winnt5.1) using the command:
CACFXA\CFX-5.5.1\bin\5.5. 1 \perilib\efx Ssolve. pl -stdout-comms ~batch -ccl-
Using the CFX-5 Solver optimised for the winnt architecture from
CACEXACFX-5.5.1\bin\3. 5, I\winnt\solver-pvm.exe.

Setting up CFX-5 Solver un ...

5
¥ +

I !
| CFX Command Language for Run |
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remmnns - +
LIBRARY :
MATERIAL : Air at 308K
Option = Pure Substance
PROPERTIES :
Option = General Fluid
Density = 11464 [kg m-3]
Dynamic Viscosity = 1.8875E-5 [kg m™-1 s™-1]
Specific Heat Capacity = 1.005E3 [J kg1 K»-1]
‘Thermal Conduetivity = 2.673E-2 [W m"-1 K~-1]
Thermal Expansivity = 3.247E-3 {K™1]
END
END
END
EXECUTION CONTROL :
PARTITIONER STEP CONTROL :
Runtime Prority = Standard
PARTITIONING TYPE ;
MeTiS Type = k-way
Option = MeTiS
END
END
RUN DEFINITION :
Definition File = straightchim7md5deg 2 def
Run Mode = Full
END
SOLVER STEP CONTROL :
Runtime Priority = Standard
EXECUTABLE SELECTION :
Double Precision = Off
Use 64 Bit = Off
END
PARALLEL ENVIRONMENT :
Option = Serial
Paraliel Mede = PYM
END
END
END
FLOW :
SOQLUTION UNITS :
Mass Units = [kg]
Length Units = {m]




Timne Units = {s]
Termperature Units = K]
Angle Units = frad]
Solid Angle Urits = [s1]
END
SIMULATIONTYPE:
Option = Steady State
END
DOMAIN : straightchim7mé45deg2
Location = straightchim7md 5deg2
Coord Frame = Coord 9
Fluids List = Air at 308K
DOMAIN MODELS :
DOMAIN MOTION :
Option = Staticnary
END
BUCYANCY MODEL :
Option = Buoyant
Gravity % Component = 0.00 fms™-2]
Gravity Y Component = -9.8 {m §™-2]
Gravity Z Component = 0.00 {m s7-2]
Buoyancy Reference Temperature = 3.08E2 [K)
END
REFERENCE PRESSURE :
Reference Pressure = 1.0133E3 [Pa]
END
END
FLUID MODELS -
TURBULENCE MODEL :
Option = Laminar
END
HEAT TRANSFER MODEL :
Option = Thermal Energy
END
THERMAL RADIATION MODEL :
Option = None
END
END
SUBDOMAIN : Attic
Location = Attic

Coord Frame = Coord O

g2



EQUATION SQURCE : energy
Cption = Source
Source = 3.2323E2 [W m™-3]
END
END
END
SUBDOMAIN : Ceiling
Location = Ceiling
Coord Frame = Coord 0
END
SUBDOMAIN : Floor
Location = Floor
Coord Frame = Coord 0
END
BOUNDARY : Inlet
Boundary Type = INLET
Location = Inlet
Coord Frame = Coord ¢
BOUNDARY CONDITIONS :
FLOW REGIME :
Option = Subsonic
END
MASS AND MOMENTUM .
Option = Total Pressure
Relative Pressure = 0.00 [Pa]
END
FLOW DIRECTION :

Option = Nermal to Boundary Condition

END
HEAT TRANSFER :
QOption = Static Temperature
Static Temperature = 3.08E2 [X]
END
END
END
BOUNDARY : Outlet
Boundary Type = OUTLET
Location = Ouilet
Ceord Frame = Coord 0
BOUNDARY CONDITIONS :
FLOW REGIME :

Option = Subscnic

93
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END
MASS AND MOMENTUM :
Option = Static Pressure
Relative Pressure = 0.00 {Pa}
END
END
END
BOUNDARY : Ceilingl
Boundary Type = WALL
Location = Ceilingl
Coord Frame = Coord 0
BOUNDARY CONDITIONS ;
WALL INFLUENCE ON FLOW :
Onption = No Slip
END
HEAT TRANSFER :
Optica = Adiabatic
END
END
END
BOUNDARY : Ceiling2
Boundary Type = WALL
Location = Ceiling2
Coord Frame ~ Coord 0
BOUNDARY CONDITIONS ;
WALL INFLUENCE ON FLOW :
QOption = Ne Slip
END
HEAT TRANSFER :
Option = Adiabatic
END
END
END
BOUNDBARY : Floorl
Boundary Type = WALL
Location = Ficor]
Coord Frame = Coord §
BOUNDARY CONDITIONS :
WALL INFLUENCE ONFLOW ;
Cption = No Slip
END
HEAT TRANSFER :
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Option = Adiabatic
END
END
END
BOUNDARY ; Floor2
Boundary Type = WALL
Location = FloorZ
Coord Frame = Coord 0
BOUNDARY CONDITIONS :
WALL INFLUENCE ON FLOW :
Cption = Ne Slip
END
HEAT TRANSFER :
Option = Adiabatic
END
END
END
BOUNDARY ; Sym!
Boundary Typs = SYMMETRY
Location = Sym]
Coord Frame = Coord 0
END
BOUNDARY : Sym2
Boundary Type = SYMMETRY
Location = Sym?2
Coord Frame = Coord 0
END
BOUNDARY : Sym3
Boundary Type = SYMMETRY
Location = Sym3
Coord Frame = Coord 0
END
BOUNDARY : Default
Boundary Type = WALL
Location = Default
Coord Frame = Coord 0
BOUNDARY CONDITIONS :
WALL INFLUENCE ON FLOW :
Option = No Slip
END
HEAT TRANSFER :

Option = Adiabatic
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END
END
END
INITIALISATION :
Option = Automatic
Coord Frame = Coord 0
INITIAL CONDITIONS :
STATIC PRESSURE :
Option = Automatic with Value
Relative Pressure = 0.00 [Pa]
END
TEMPERATURE :
Opticn = Automatic with Yalue
Temperature = 3.08E2 [X]
END
CARTESIAN VELOCITY COMPONENTS :
Option = Auiomatic with Value
U= 0.00 [ms™1]
¥ =0.00 [m s™1]
W= 0.00 fm s™i]
END
END
END
END
SOLVER CONTROL :
CONVERGENCE CONTROL :
Maximum Number of Iterations = 500
Timescale Control = Auto Timescale
END
CONVERGENCE CRITERIA
Residual Type = RMS
Residual Target = 1.E-10
END
ADVECTION SCHEME :
Option = Upwind
D 3
DYNAMIC MODEL CONTROL.:
Global Dynamic Model Control = Yes
END
END
QUTPUT CONTROL !
END
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END
COMMAND FILE:

Version = 5.5.1

END

P .

! l

| Solver |

| !
spensssmea +

! |

| CFX-5 Sclver 5.5.1 ]

| l

| Version 2002.05.29-23.00 Wed May 29 23:00:33 2002 |

E i
| {
| Copyright 1996-2002 AEA Technology ple. ]

Job Information |

Run mode:  serial run
Host computer: POLLY
Job started:  Sat Dec 27 15:39:54 2003

+ +

H Memory Usage Information

4 +

Data Type Kwords Words/Node  Kbytes Bytes/Node
Real 2822.8 61165 11026.4  2446.59

Integer 8272 17924 32311 716.94
Character 872.1 188.96 851.6 188.96

Logical 10.0 217 35.1 8.67

Doubie 16.0 3.47 125.0 27.74

4 :
t t

Total Mumber of Naodes, Elements, and Faces

3 i
1 T

Domain Name : straightchim7m45deg2

Total Number of Nodes = 4615
Total Number of Elements = 17677
Tetal Number of Tetrahedrons = Y7677
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Total Number of Faces = 5970
f 4
i Adaption Parameters |
} -t
Domains = straightchim7m45deg?
Sub-domains = Aftic
Sub-domains = (Ceiling
Sub-domeins = Default
Sub-domains = Floor
Adaption Variables = Pressure
Adaption Variables = Temperature
Adaption Variables = Velogity
Number of Adaption Steps =3
Number of Nodes = MultipleofinitiallMesh
Maltiple of Nodes = 2,
Adaption Criteria = SolutionYariation
Min Edge Length = (.00132273
Allccation Parameter = 0.
Muraber of Adaption Levels =3
Adapting to Geomelry = No
Save Intermediate Files = No
Max lts. per Step = 500
Type of Residual = RMSNormforResiduals
Target Residuzl = 9.9999997E-010
t +
H Average Scale Information |
Domain Name : straightchina7md 5deg?
Global Length = 2,2592E+00
Density = 1,1464E+00
Dynamic Viscosity = 1 .B875E-05
Velecity = 0,0000E+00
Thermal Conductivity =2.6730E-02
Specific Heat Capacity at Constant Pressure = 1,0050E+03
Thermmal Expansivity = 3.2470E-03
Prandt] Number = 7.0967E-01

+
+

The Equations Solved in This Caleniaticn

t Es
Subsystem Name : Momentur and Mass

U-Mom

V-Mem



W-Mom

P-Mass

Subsystern MName : Heat Transfer

H-Energy

CFD Solver sterted: Sat Dec 27 15:40:08 2003

59

Coenvergence History

R +

i Timescale Information !

! Equation | Type | Timescale t

ommemmn e I +

! U-Mom i Auto Timescale | 9.30011E+04 !
I V-Mom | Auto Timescale | 9.3C011E+04 ¢
P W-Mom | Auto Timescale 1§ 930011E+04 !
| P-Mass | AutoTimescale | 9.30011E+04 !

t t + +

| H-Energy | Anto Timescale | 9.30011E+34 !

L L.
t

+

QUTER LOOP ITERATION = 1

CPU SECONDS = 2.01E+00

| Equation |Rate|RMS Res|Max Res| Linear Sclution |
| U-Mom | 0.00 |0.05+00 | 0.0E+00|  0.0E+00 OK|
| V-Mom 10,00 | 0.0E+00 | 0.0E+00|  0.0E+00 OK|
| W-Mom | 0.00]0.0E+00 | 0.0E+Q0 § 0.0E+00 OK]
| P-Mass { 0.00 | 0.0E+C0 | 0.0E+00| 8.8 0.0E+00 QK]
{ H-Energy | 6.00 1 9.3E-04 | 6.6E-03 | 13.6 5.7E-02 QK]

)

- 1 4 L
1 t

4

T

QUTER LCCP ITERATION = 2

CPU SECONDS = 1.07E+0]

| Equation |Rate| RMS Res | Max Res| Linear Solution |
¢ + } } + -+

| U-Mom 10.00|2.3E-10{ 5.3E-09|  L1EH06 F|

| V-Mom j0.00|1.8E-02 [ 1.3E-01]  1.7E-02 OKj

| W-Mom 10.00] 5.4E-20| 1.6E-18 |  1.0E+15 *|

| P-Mass | 6.06 | 6.0E-15 ] 8.8E-14 | 16.6 1.6E+01 F|

e

------- T T +
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| H-Energy [14.10] 1.3E-02 | 1.2E-01 | 9.8 3.9E-02 OK|

+ : + + 3 +

g :

OQUTER LOOP ITERATION =2000{ 500) CPUSECONDS = 2.32E+04 ( 7.83E+03)

| Equation | Rate | RMS Res | Max Res | Linear Solution |

: 1 4 : ok
3 t # T t +

| U-Mom | 101 | 1.9E-07 | 24E-06|  5.6E-03 OKl
| V-Mom |1.15|2.9E-07 | L5E-05|  6.4E-03 OK]
[ W-Mor |0.59 | 2.2E-07} 2.6E-66 |  2.9E-03 OK!
| P-Mass 10.97 |2.8E-08 | 1.7E-07 | 8.8 1.4E-02 OK|
| H-Enerzy 1 0.96 | 9.3E-08 | 3.1E-06 | 5.4 9.1E-03 OK|

Fl i Il : L ol
¥ T T t T t

CFD Solver finished: Sat Dec 27 22:33:01 2003
Execution terminating: maximum number of time-step iterations,

or maximum time has been reached.

Boundary Flow and Total Source Term Summary

! U-Mom f
Boundary : Ceilingl 1.1276E-04
Boundary ; Floor! 6.6123E-05
Boundary : Inlet -3.8201E-02
Boundary : Cutiet 4.6325E-05
Boundary : Symi -7.4798E+00
Boundary : Sym2 4.5324E-17
Boundary : Defauit 7.5182E+00
Boundary : Ceiling2 -2.3207E-04
Boundary : Floor2 «1.7234E-05

Global Balance : -3.9212E-07
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Global Imbalance, in %: 0.0000 %
A A R oo +
| V-Mom
ummmme s . 4
Boundary : Ceiling] 2.3148E+C0
Boundary : Fleort +2,5679E+00
Boundary : Inlet 1.8174E-07
Boundary : Qutlet -7.6481E-02
Boundary : Syml 1.2584E-07
Boundary : Sym?2 5.6098E-17
Boundary : Default 3.0288E+00
Boundary : Ceiling2 -4.5594E+00
Boundary : Floor2 3.8986E-01
Domain : straightchim7m4 5deg? 1.4702E+00
Global Balance : -8.5367E-07
Global Imbalance, in %: 6.0000 %
W-Mom |
} +
Boundary : Ceilingl -8 1970E-07
Boundary : Floort -1.4256E-06
Boundary < Inlet -4.0460CE-O8
Boundary ; Qutlet 2.6032E-07
Boundary : Sym! -1,8033E-08
Boundary : Sym?2 -8.3115E+0)
Boundary 1 Sym3 8.3115E+01
Boundary : Default -7.2367E-05
Boundary : Ceiling2 2.12¥7E-07
Boundary : Floor2 -1.6108E-07
Global Balance : 4.4377E-07
Global Imbalance, in %: 0.0000 %
I P-Mass
Boundary ; Indet 1.046%E-01
Boundary : Outlet -1.0469E-01
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Glebal Balance -2.9802E-08
Ciobal Imbalance, in %: 0.0000 %
; - -+
H-Energy i
RS S SR S -+
Boundary : Inlet 3.2406E+04
Boundary : Dutlet -3.3406E+04
Sub-Demain @ Attic 9.9999E+Q2
(Gicbal Balance : -1.6479E-02
Giobal Imbalance, in %: 0.0000 %

Wall Force and Moment Summary

Note: Pressure integrals exclude the reference pressure. To include

it, set the expert parameter 'include pref in forces = t.

—+

Pressure Force On Walls |

e

X-Comp. Y-Comp. Z-Comp.

Ceiling! 2.6615E-07 -2.3148E+00 Q.0000E+G0
Floorl -1.7963E-08 2.5678E+00 32820E-12
Default -7.5178E+00 -3,0293E+00 1.6144E-10
Ceiling2 -4.8651E-07 4.5594E+C0 0.0000E+0C
Floor2 1.3865E-08 -3,8988E-01 -4.4343E-15
- - +
Viscous Force On Walls i
t ~+
¥-Comp, Y-Comp, Z-Comp.
Ceilingl 1.1249E-04 1.125BE-05 9.1970E-07
Floor] -6.6105E-05 1.5194E-05 1.4256E-06
Defauli -4.3997E-04 43517F-04 7.2366E-06
Ceiling2 2.3255E-04 8.3441E-06 -2.1217E-07
Floor2 1.7215E-05 1.3357E-05 1.6108E-07
| Pressure Moment On Walls i
- +

Ceiling]

X-Comp. Y-Comp. Z-Comp.
2.8928E-01 3.3264E-08 -5.54T76E+00



Floorl -3.2095E-01 -2.2652E-09 6.6573E+00
Default 3.7856E-01 -9.3965E-01 5.7618E+01
Ceiling? -5.6981E-01 -6,0867E-08 1.0307E+0]
Floor2 48641 E-02 2.3593E-09 -1.0257E+00

% 1
+

Viscous Moment On Walls

X-Comp. Y-Comp. Z-Comp.

Ceilingl 3.9981E-06 1.3108E-05 -6.4753E-04
Floorl 2.0102E-06 -1.3014E-05 1.8743E-04
Default 1.0045E-05 -7.0151E-05 2.1877E-03
Ceiling? ~2.3083E-06 3.1421E-05 -1,3497E-03
FloorzZ -1.2301E-Ce 1.2418E-06 -5.3472E-05
------- -+

Locations of Maximum Residuals i

|  Equation |Nede#| X | Y | Z |

{ U-Mom | 2765 5.000E+00 | 3.187E+00 | 0.000E+00 |
| V-Mom | 5]-2.296E-07| 6.000E+0G | 2.500E-01 |

| W-Mom | 5428 |4.297E+00 | 6.108E+00 | 2.239E-01 |
| P-Mass ! 175]|3.316E+00 | 6.000E+00 | 0.0C0E+CO |

| H-Energy | 5}-2.296E-07 | 6.000E+0G | 2.500E-01 |

" 3
+ T

e ]
T 3

Peak Values of Residuals

1
t

| Equation | Loop# | Peak Residual | Final Residual |

o +
| U-Mom { 1] 5.53240E-03 | 1.91250E-07 |
| V-Mom | 1] 3.47782E-03 | 2.86917E-07 |
| W-Mom | 1] L352733E-03 | 2.16207E-07 |
| P-Mass i 1| 1.45309E-03 | 2.81429E-08 |
| B-Energy I 1] 3.34158E-04 | 9.29250E-08 |

+ (

4. e
} 1

| False Transient Information

Equation | Type i Elapsed Pseude-Time |
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| U-Mom | Auto | 6.69110E+02 |

| V-Mom j Auto | 6.69110E+02 |

| W-Mom [ Auto | 6.69110E+02 |

| P-Mass | Auto | 6.69110E+02 !

| H-Energy | Auto | 6.69110E+02 !

g +

} +

Average Scale Information

Domain Name : straightchim7m45deg?
Global Length =2.2592E4+00
Density =1,1464E+00
Dynamic Viscosity =1.8875E-05
Velocity = 3,1269E-01
Advection Time = 4.4066E+00
Reynolds Number = 7.0349E+04

t -+

{ ERROR #062100004 has occwrred in subroutine Out_Scales Flu, |

| Message: |

| The Reynolds number is outside of the range expecied based on the |

§ Option selected for the TURBULENCE MODEL. Checle this setting, |
| the values of the properties, mesh scale, consistency of units |

| azd solution values in the input file, Execution will proceed. |

+ -+
Thermal Conductivity =2 .6730E-02
Specific Heat Capacity at Constant Pressure = 1.O05CE+Q3
Thermat Expansivity = 3.2470E-03
Prandtl Number = 7.0967E-01
Temperature Range = 1.6319E+01
Rayleigh Number = 1.5691E+10
Buoyancy Time =".7260E+00

e +

I Varjable Range Information

+ +

Domain Name : straightchim7md3deg2

L e
T §

| Variable Name min max |

+ -t
{ Velocity u |-1.18E+00| 1.12E+00 |

| Velocity v {-4,54E-011 1.66E+00 |

| Velocity w |-1.67E-01| 1.39E-01|

{ Pressure -4 11E+0G| 2.77E-04 |
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| Density | 1.1SE+00] 1.15E+00 |
| Dynamic Viscosity | 1.8GE-05| 1.89E-05|
| Specific Heat Capacity at Constant Pressure] 1.005+03{ 1.008+03 |

| Thermal Conductivity | 2.67E-021 2.67E-02 |
| Thermal Expansivity | 3.25E-03] 3.25E-03 |
| Temperature | 3.08E+02 | 3.24E+02 |
| Static Enthalpy | 3.10E+05 | 3.26E+05
. +
B !

el

Subsystem Name Discretization  Linear Sclution

{secs. Y%total) {secs. %itotal)
Momentum and Mass 4.86E+03 67.3% TS1E+02 104 %
Heat Transfer 1.32E+03 182 % 2.93E+02 4.1%
Summary 6.17E+03 85.5% 1.04E+03 145 %
+ +
t Job Inforroation

Host computer: POLLY
Job finished: Sat Dec 27 22:33:15 2003
Total CPU time: 7.848E+03 seconds
or: ( 0: 2 it 48.045)
{ Days: Hows: Minutes: Seconds)
End of solution stage.

This run of the CFX-3 Solver has finished.
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