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Appendix

Grid and time independent test

The grid and time independent study have been conducted for the case of flat natural convection SAH at
four different sections placed longitudinally after definite gap between them. Each section is placed across the

flow channel where the local velocity and temperature variations have been recorded as shown in Fig. A.1.

Qutlet section

1

Prohe 4

Prohe 3

Prohe 2

Probe 1

Tnlet section

Figure A.1l: Flat natural convection SAH with four different sections placed longitudinally one after the other across
the flow channel.

A.1 Grid independent test

The grid independent test have been performed for four different number of elements are mentioned in Table
A.1 below:
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Table A.1: Grid independent test details

S.No. Grid Symbol Number of clements Nusselt number (Nu)
1 a 274954 18.19
2 b 154873 18.24
3 ¢ 118123 18.24
4 d 81000 18.58
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Figure A.2: The velocity profiles at four different sections have been shown for flat natural convection SAH for different
number of mesh elements.
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Figure A.3: The temperature profiles at four different sections have been shown for flat natural convection SAH for
different number of mesh elements.
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A.1.1 Grid independent test of local velocity as parameter at different sections
(refer Fig. A.2)

A.1.2 Grid independent test of temperature as parameter at different sections
(refer Fig. A.3)

As the grid ‘¢’ =118123 number of mesh elements gives reasonably close results in comparison to finer grid sizes
i.e. ‘@’ and ‘b’, the number of elements 118123 has been chosen to be optimum number of mesh elements to

conduct further simulation study for different cases.

A.2 Time independent test

The time independent test was performed by considering optimum number of mesh elements (118123) for the
case of flat natural convection SAH.

The time independent test has been performed for three different time steps are mentioned below in Table
A2

Table A.2: Time step test details. Three times steps has been considered: time t, t/2 and 2t.
S.No. Time step (second) Number of elements Nusselt number (Nu)

1 0.05 (t/2) 18.15
2 0.1 (t) 118123 18.24
3 0.2 (2t) 18.20

It can be noticed from the table 2 that Nusselt number do vary significantly by either doubling the time
step or lowering the time step by twice. We have used a time step of t = 0.1 second.



202 APPENDIX A.



Appendix

The SAH thermal performance has been studied for a constant grooves pitch, as the Reynolds number, Re and

groove relative height ratio, * , are the most influencing parameters.

3.95 Nu = A, Re®7815

92 93 94 95 96 9.7
In(Re)

Figure B.1: Trend variation of In(Nu) versus In(Re) for SAH having curved design equipped with quarter-circle ribs.

To develop the bridge between Nu and Re, the variations has been obtained in logarithmic form for Re in
the range 11000-15000 is obtained in Fig. B.1. The relationship among InNu verses InRe are of the following

form:

Nu= A, Re" (B.1)

where n = 0.7815
The expression for Nu in Eq. B.1 obtained from appropriate data points of SAH having curved flow channel
integrated with quarter-circle ribs. The R-square method was used to fit the data is shown in Fig. B.1.
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bell shape designs, 68
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bell-mouth inlet, 91
bell-mouth orientation, 14

down stream, 165
down-configuration ribs, 132
downward bell-mouth, 11

driving potential, 39
bell-mouth ratio, 71, 99 dust entry, 14

bend angle, 14 dynamic pressure, 16

blowing wind, 175

boundary layer, 72, 111 economic analysis, 163
Boussinesq approximation, 33, 54 Eddies, 125

buoyancy driven, 72 eddies formation, 19

buoyancy driven flow, 47 effective cooling, 37

buoyancy driving potential, 15 effectiveness, 58

buoyancy effect, 29, 72 electrical conversion efficiency, 36
buoyancy forces, 15, 28, 53 electricity output, 28

clevated foundation, 25

cavitation, 173 entrance slope, 28

centrifugal force, 117 environmental conditions, 152

centrifugal forces, 160

exergy, 144
characteristic length, Lc, 76
chimney, 52, 78 finite volume method, 52, 73
chimney updraft, 15 flat plate solar air heater, 65
collector, 28 flow driving potential, 29
collector outlet, 37 flow reattachment, 148
collector radii, 35 flow separation, 167
convective heat transfer, 152 flow vortices, 72
conventional SAH, 79 free stream, 123
convex and concave flow channels, 50 free stream pressure, 173
correlation, 63, 85 friction factor, 107
corrugated absorber plate, 108
corrugation, 111 greenhouse environment, 28

curvature angle, 53, 151
half-trapezoidal groove, 132
curvature radius, 109 head loss, 81

Curved SAH, 52 heat flux, 72
heat losses, 113

heat transfer enhancement factor, 163
Dean number, 113, 160 heat transfer enhancement factor (HTEF), 56

curvature effect, 58, 165

cylindrical chimney, 37
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high flow applications, 97
high flow SAH, 82
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hybrid system, 28
hydraulic losses, 67, 132
hydraulic performance, 48

intense mixing, 119, 167

laminar sub-layer, 52
leading edge, 167
leeward position, 165
low pressure zone, 173
lower CORR, 18

Mach number, 76, 170
mass flow rate, 120

natural convection, 67
natural convection SAH, 51
negative pressure, 19

net downward force, 174
Nusselt number, 73, 107

opening height, 41
outlet air temperature, 107
overheating, 39

parallel flow passage, 90

passive zone, 170

power generation, 16

Pressure coefficient, 75

pressure coefficient, 170

PV panel, 28

PV panel electrical efficiency, 28

quarter-circle groove, 132

radiation model, 33

ram-air cffect, 68

Rayleigh number, 74
Rayleigh number (Ra), 51
recirculating flows, 39
recirculation zones, 14
rectangular cross-section, 52
rectangular flow channel, 72
rectangular inlet, 82
relative height, 109

relative pitch, 109

reverse flow, 19

Reynolds number, 109

SAH tilt angle, 154
second law efficiency, 138

secondary flow, 138, 154
secondary vortex, 111
semicircular-corrugated, 109
single pass, 109

smooth, 109

solar air heaters (SAH), 67
solar chimney, 28

solar radiation, 158
stagnation point, 76

stall formation, 40
standstill, 170

standstill condition, 33
static pressure, 37

static pressure recovery, 39

swirl motion, 154

taper flow passage, 41
taper ratio, 15, 97
tapered flow passage, 91
tapered SAH, 90

temperature enhancement ratio (TER), 56

temperature factor, 56, 139
thermal efficiency, 107
thermal enhancement ratio, 96

thermal performance, 117

thermo-hydraulic performance, 50, 99

total pressure potential, 16
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trailing edge, 167

transparent cover, 33

triangular ribs, 140

turbine power generation, 37
turbine power output, 28
turbulent flow, 74

turbulent kinetic energy, 15, 125

Unstructured, 111
upward bell-mouth, 11

V-corrugated, 109
velocity gain, 28
vortex formation, 167
vortices, 79

wedged shaped collector, 14
wind loading, 170
wind tunnel, 154

windward position, 165
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