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Rag= 2x10*

Figure 4.86 Streamlines at constant Ra; = 2x10° and three different values of Rag with aspect
ratio 6 for class two configuration
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Figure 4.87 Streamlines at constant Ra, = 2x10° and three different values of Rag with aspect
ratio 8 for class two configuration
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Rag= 2x10* Rag= 2x10° Rag= 2x10°

Figure 4.88 Streamlines at constant Ra, = 2x10° and three different values of Rag with aspect
ratio 10 for class two configuration

110



4.5.4 Average Heat Flux Ratio Variation with Aspect Ratio

The graphs below represent the change in the average heat flux ratio along hot and cold
walls as the aspect ratio increases (Figures 4.89 — 4.93). The effect of the constant internal heat

generation and varying external temperature gradient on natural convection can also be seen.
4.5.4.1 Class one configuration

Figures 4.89 — 4.91 show the average heat flux ratio through both the hot and cold walls
variation with aspect ratio for class one configuration with a constant Ra; = 2x10° and three
different values of Rag =2x10* , 2x10° , and 2x10° respectively. When Rag < Ra,, more transfer
occurred at the cold wall than at the hot wall as shown in figure 4.89. When Rag = Ra,, there is
more heat flux ratio at the hot wall than the cold wall as shown in figure 4.90. For the situation
when Rag > Ra,, the values of average heat flux ratio were inconsistent, meaning that sometimes
there was more heat transfer at the hot wall and other times there was more at the cold wall as

shown in Figure 4.91.
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Figure 4.89 Average heat flux ratio along hot and cold wall variation with aspect ratio at Ra, =
2x10° and Rag = 2x10* for class one configuration
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Figure 4.90 Average heat flux ratio along hot and cold wall variation with aspect ratio at Ra, =
2x10° and Rag = 2x10° for class one configuration
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Figure 4.91 Average heat flux ratio along hot and cold wall variation with aspect ratio at Ra, =
2x10° and Rag = 2x10° for class one configuration

4.5.4.2 Class two configuration

For the class two configuration the transfer at the two walls follow similar trends as
shown in Figures 4.92 — 4.94. This configuration was similar to class one configuration when
Rag < Ra,, because there was more heat transfer at the cold wall than the hot wall. However,
when Rag = Ra,, there was more heat transfer at the hot wall. It can also be seen in Figure 4.94

that the heat transfer through both walls became similar when Rag > Ra,,.
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Figure 4.92 Average heat flux ratio along hot and cold wall variation with aspect ratio at Ra, =
2x10° and Rag = 2x10* for class two configuration
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Figure 4.93 Average heat flux ratio along hot and cold wall variation with aspect ratio at Ra, =
2x10° and Rag = 2x10° for class two configuration
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Figure 4.94 Average heat flux ratio along hot and cold wall variation with aspect ratio at Ra, =
2x10° and Rag = 2x10° for class two configuration

4.5.5 Convection Strength

The convection strength in the class one configuration increased with the increase of Rag
and constant Ra, (Figure 4.95). The aspect ratio has a very little effect on convection strength.
This is very different in the class two configuration where the convection strength increased with

both the change in Rag as well as the change in aspect ratio with constant Ra, (Figure 4.96).
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Figure 4.95 Convection strength verses aspect ratio at Ra; = 2x10° and Rag = 2x10*, 2x10°,
and 2x10° for class one configuration
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Figure 4.96 Convection strength verses aspect ratio at Ra; = 2x10° and Rag = 2x10%, 2x10°,
and 2x10° for class two configuration
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CHAPTER 5
CONCLUSIIONS AND RECOMMENDATIONS

5.1 Introduction

The flow and heat transfer for two-dimensional natural convection in a rectangular enclosure
with an external temperature gradient containing an internal heat source have been solved by a
finite-difference procedure developed by Rahman et al. (2003). Fluid flow and heat transfer in
rectangular enclosures of five different aspect ratios were analyzed in two configurations, 0° and
90°. Each aspect ratio was tested under three different conditions. The first conditions has a
changing external temperature gradient only, the second has a constant external temperature
gradient and changing internal heat source, and the third has a constant internal heat source with
a changing external temperature gradient. The value of the varying Rayleigh numbers used in
the experiment are Ra = 2x10% 2x10°, 2x10° and the constant Rayleigh number used was
Ra=2x10°. The isotherm, streamlines, average heat flux ratio, and convection strength was

observed for each situation.

5.2 Conclusions

From the study, analysis and results of this research work, the following conclusions can be
made:

For the class one configuration (horizontal enclosures heated from below) where the external
temperature gradient was varied without an internal heat source, the isotherm for aspect ratio 1
exhibited a single rotational flow pattern as the external temperature gradient increased. As the
external Rayleigh number (Rag) increased, the isotherms began to break up. The streamlines for

the class one configurations represented a recirculating pattern that grew as the external
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temperature gradient increased. As the aspect ratio increased the convection and the number of
cellular rolls also increased, however the convective dominance decreased as the external
temperature gradient increased. The average heat flux ratio corresponded to each aspect ratio; as
aspect ratio increased the magnitude of the heat flux ratio also increased. In the class two
configuration (vertical enclosures heated from the side), the isotherms became more parallel as
the external Rayleigh number (Rag) increased across all aspect ratios, respectively. In the class
two configuration, as the aspect ratio increased, the average heat flux ratio along hot and cold
walls decreased. Corresponding to each aspect ratio, the magnitude of heat flux ratio increased
as the external Rayleigh number (Rag) increased. So, the aspect ratio has a significant effect in
fluid flow and temperature field in horizontal enclosures heated from the below and vertical
enclosures heated from the side. The flow patterns and isotherms does not show any significant
difference between the cases without internal heat generation other that slight shift and changes
in stream function and isotherm values. In the class one configuration, the convection strength
increases as the external Rayleigh number (Rag) increases. In the class two configuration, the
convection strength increases as both the external Rayleigh number (Rag) and aspect ratio
increases.

When the external Rayleigh number is kept constant at 2x10° and the internal Rayleigh
number (Ra,) is varied in the class one configuration there was no significant change in the
isotherms and streamlines patterns can be observed when compared to the previous no heat
source condition cases with the exception of when the cellular flow begins at a lower value of
Ra, than the value of Rag. In the class two configuration, there was no significant visual change
between the cases with internal heat generation and those without internal heat generation. The

patterns in class one and class two configurations of heat flux ratio variation with aspect ratio are
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similar for both the hot and cold walls; however the magnitude of heat flux ratio is slightly
greater when Ra,; < Rag. When Ra, - Rag, the average heat flux ratio decreases with the increase
in aspect ratio for hot and cold walls in both class one and two configurations. When the Ra, >
Rag, a completely different pattern forms in both the class one and class two configurations. In
both class one and class two configurations the average heat flux ratio in the cold wall is much
higher than in the hot wall. However, in the class one configuration the heat flux ratio decreases
as the aspect ratio increases. In the class two configuration the heat flux ratio increases as the
aspect ratio increases. In the class one configuration when Ra, = 2x10* and 2x10° the
convection strength is almost identical, however when Ra,;>Rag the convection strength is less.
The data for the class two configuration is similar to that of class one.

The last set of data was observed when the external Rayleigh number (Rag) was varied and
the internal Rayleigh number (Ra,) was kept constant at 2x10°. In the class one configuration
when Rag < Ra,, no significant difference in the isotherms was observed when compared to
previous result. When Rag > Ray, it causes larger cellular formation including the formulation of
smaller cells in the corners of the enclosure. Also, Rag - Ra,, more heat transfer occurred at the
hot wall than at the cold wall. When Rag > Ra,, the average heat flux ratio values were
inconsistent. The class two configuration exhibited similar results to the class one configuration.
As seen in configuration one and in configuration two when Rag < Ra,, there was more heat
transfer at the cold wall than in the hot wall. Similarly, when Rag - Ra,, there was more heat
transfer at the hot wall than the cold wall. In both class one and class two configurations, as the
Rayleigh number increased the convection strength increased. However in class one no increase
was seen when the aspect ratio was increased. In class two, an increase was observed when the

aspect ratio was increased.
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5.3 Recommendations

The present study was conducted in a two-dimensional configuration using the same
group of varying Rayleigh numbers for aspect ratios 1, 2, 4, 6, 8, and 10. Further study should
include a larger difference in the chosen Rayleigh numbers. A better understanding of this
subject matter could be observed if conducted in a three-dimensional configuration. Also,
varying the characteristics of the fluid contained in the enclosure to more closely simulate that of

fluids that can be utilized in the future, i.e. use of nanofluids.
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APPENDIX A

Input Files

“Lid-driven cavity flow at Re = 1000, single-grid
ftfftf LREAD,LWRITE,LTEST,LOUTS,LOUTE,LTIME
1000055221.e-31.e100.92 MAXIT,IMON,JMON,IPR,JPR,SORMAX,SLARGE,ALFA

0.9.80.001 50.1550.50.08 GRAVX,GRAVY,BETA TH,TC,TREF

1.1.0.7 DENSIT,VISC,PRM

1.00.2.e4 aratio,theta,rai,rae

0.0.0.0.01.01.e0 UIN,VIN,PIN,TIN,ULID,TPER
111.E201. ITST,NPRT,DT,GAMT

tttt (LCAL(1),1=1,NPHI)

0.70.7050.7 (URF(1),1=1,NPHI)

0.20.20.20.2 (SOR(1),1=1,NPHI)

1161 (NSW(I),1=1,NPHI)

1.1.1. 1. (GDS(1),1=1,NPHI)

rct NAME OF FILE FOR UNSTEADY RESULTS

Figure A-1: Input File for Configuration One, Aspect Ratio 1 Rae=2x10*
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“Lid-driven cavity flow at Re = 1000, single-grid
ftfftf LREAD,LWRITE,LTEST,LOUTS,LOUTE,LTIME
100005522 1.e-31.e100.92 MAXIT,IMON,JMON,IPR,JPR,SORMAX,SLARGE,ALFA

0.9.80.001 50.1550.50.08 GRAVX,GRAVY,BETA TH,TC,TREF

1.1.0.7 DENSIT,VISC,PRM

1.1.5708 0. 2.e4 aratio,theta,rai,rae
0.0.0.0.01.01.e0 UIN,VIN,PIN,TIN,ULID,TPER
111.E201. ITST,NPRT,DT,GAMT

tttt (LCAL(1),1=1,NPHI)

0.70.70.50.7 (URF(1),1=1,NPHI)

0.20.20.20.2 (SOR(1),1=1,NPHI)

1161 (NSW(I),1=1,NPHI)

1.1.1.1. (GDS(1),1=1,NPHI)

rct NAME OF FILE FOR UNSTEADY RESULTS

Figure A-2: Input File for Configuration Two, Aspect Ratio 1 Rae=2x10"
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“Lid-driven cavity flow at Re = 1000, single-grid
ftfftf LREAD,LWRITE,LTEST,LOUTS,LOUTE,LTIME
100005522 1.e-31.e100.92 MAXIT,IMON,JMON,IPR,JPR,SORMAX,SLARGE,ALFA

0.9.80.001 50.1550.50.08 GRAVX,GRAVY,BETA TH,TC,TREF

1.1.0.7 DENSIT,VISC,PRM

1.02.e52.e4 aratio,theta,rai,rae

0.0.0.0.01.01.e0 UIN,VIN,PIN,TIN,ULID,TPER
111.E201. ITST,NPRT,DT,GAMT

tttt (LCAL(1),1=1,NPHI)

0.70.70.50.7 (URF(1),1=1,NPHI)

0.20.20.20.2 (SOR(1),1=1,NPHI)

1161 (NSW(I),1=1,NPHI)

1.1.1.1. (GDS(1),1=1,NPHI)

rct NAME OF FILE FOR UNSTEADY RESULTS

Figure A-3: Input File for Configuration One, Aspect Ratio 1 Ra.=2x10*and Ra;=2x10°

125



“Lid-driven cavity flow at Re = 1000, single-grid
ftfftf LREAD,LWRITE,LTEST,LOUTS,LOUTE,LTIME
100005522 1.e-31.e100.92 MAXIT,IMON,JMON,IPR,JPR,SORMAX,SLARGE,ALFA

0.9.80.001 50.1550.50.08 GRAVX,GRAVY,BETA TH,TC,TREF

1.1.0.7 DENSIT,VISC,PRM

1.1.5708 2.e5 2.e4 aratio,theta,rai,rae
0.0.0.0.01.01.e0 UIN,VIN,PIN,TIN,ULID,TPER
111.E201. ITST,NPRT,DT,GAMT

tttt (LCAL(1),1=1,NPHI)

0.70.70.50.7 (URF(1),1=1,NPHI)

0.20.20.20.2 (SOR(1),1=1,NPHI)

1161 (NSW(I),1=1,NPHI)

1.1.1.1. (GDS(1),1=1,NPHI)

rct NAME OF FILE FOR UNSTEADY RESULTS

Figure A-4: Input File for Configuration Two, Aspect Ratio 1 Ra,=2x10*and Ra;j=2x10°
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“Lid-driven cavity flow at Re = 1000, single-grid
ftfftf LREAD,LWRITE,LTEST,LOUTS,LOUTE,LTIME
100005522 1.e-31.e100.92 MAXIT,IMON,JMON,IPR,JPR,SORMAX,SLARGE,ALFA

0.9.80.001 50.1550.50.08 GRAVX,GRAVY,BETA TH,TC,TREF

1.1.0.7 DENSIT,VISC,PRM

1.02.e42.e5 aratio,theta,rai,rae

0.0.0.0.01.01.e0 UIN,VIN,PIN,TIN,ULID,TPER
111.E201. ITST,NPRT,DT,GAMT

tttt (LCAL(1),1=1,NPHI)

0.70.70.50.7 (URF(1),1=1,NPHI)

0.20.20.20.2 (SOR(1),1=1,NPHI)

1161 (NSW(I),1=1,NPHI)

1.1.1.1. (GDS(1),1=1,NPHI)

rct NAME OF FILE FOR UNSTEADY RESULTS

Figure A-5: Input File for Configuration One, Aspect Ratio 1 Ra.=2x10°and Ra;=2x10*
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“Lid-driven cavity flow at Re = 1000, single-grid
ftfftf LREAD,LWRITE,LTEST,LOUTS,LOUTE,LTIME
100005522 1.e-31.e100.92 MAXIT,IMON,JMON,IPR,JPR,SORMAX,SLARGE,ALFA

0.9.80.001 50.1550.50.08 GRAVX,GRAVY,BETA TH,TC,TREF

1.1.0.7 DENSIT,VISC,PRM

1.1.5708 2.e4 2.e5 aratio,theta,rai,rae
0.0.0.0.01.01.e0 UIN,VIN,PIN,TIN,ULID,TPER
111.E201. ITST,NPRT,DT,GAMT

tttt (LCAL(1),1=1,NPHI)

0.70.70.50.7 (URF(1),1=1,NPHI)

0.20.20.20.2 (SOR(1),1=1,NPHI)

1161 (NSW(I),1=1,NPHI)

1.1.1.1. (GDS(1),1=1,NPHI)

rct NAME OF FILE FOR UNSTEADY RESULTS

Figure A-6: Input File for Configuration Two, Aspect Ratio 1 Ra,=2x10° and Ra;=2x10*
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Appendix B

Output Data

Table B-1: Class One Configuration with External Rayleigh Number Only

Average Average Average Average
Heat Flux | Heat Flux | Convection Heat Flux | HeatFlux [ Convection
AR1 Hot Wall | Cold Wall Strength AR6 Hot Wall | Cold Wall Strength
2.00E+04| 2.585 2.585 26.216 2.00E+04| 3.176 3.343 35.075
2.00E+05| 4.508 4.508 98.255 2.00E+05| 6.495 6.480 127.312
2.00E+06| 8.945 9.614 343.581 2.00E+06| 9.921 10.644 345.293
Average Average Average | Average
Heat Flux | Heat Flux | Convection Heat Flux | Heat Flux [ Convection
AR2 Hot Wall | Cold Wall Strength ARS8 Hot Wall | Cold Wall Strength
2.00E+04| 2.767 2.767 27.818 2.00E+04| 3.193 3.390 35.459
2.00E+05| 5.032 5.035 115.404 2.00E+05| 5.941 5.949 124.978
2.00E+06| 10.242 10.658 376.771 2.00E+06| 10.371 12.062 322.586
Average Average Average Average
Heat Flux | Heat Flux | Convection Heat Flux | Heat Flux | Convection
AR4 Hot Wall | Cold Wall Strength AR 10 Hot Wall | Cold Wall Strength
2.00E+04| 3.021 3.125 32.289 2.00E+04| 3.371 3.371 34.166
2.00E+05| 6.345 6.334 130.192 2.00E+05| 6.214 6.223 120.387
2.00E+06| 10.218 12.278 372.975 2.00E+06| 10.029 9.893 338.178
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Table B-2: Class Two Configuration with External Rayleigh Number Only
Average | Average Average | Average
Heat Flux | Heat Flux |Convection Heat Flux | Heat Flux |Convection
AR1 Hot Wall | Cold Wall | Strength ARG Hot Wall | Cold Wall | Strength
2.00E+04 2.794 2.794 18.206 2.00E+04 2.433 2.433 47.753
2.00E+05 5.837 5.837 41.283 2.00E+05 4.529 4.527 114.723
2.00E+06 12.944 12.945 85.857 2.00E+06 8.886 8.831 256.916
Average | Average Average | Average
Heat Flux | Heat Flux |Convection Heat Flux | Heat Flux |Convection
AR2 Hot Wall | Cold Wall | Strength ARS8 Hot Wall | Cold Wall | Strength
2.00E+04 2.860 2.860 26.473 2.00E+04 2.283 2.283 54.791
2.00E+05 5.451 5.451 52.533 2.00E+05 4.248 4.242 146.485
2.00E+06 11.250 11.250 109.682 2.00E+06 8.390 8.323 328.223
Average | Average Average | Average
Heat Flux | Heat Flux |Convection Heat Flux | Heat Flux |Convection
AR4 Hot Wall | Cold Wall | Strength AR10 | HotWall | Cold Wall | Strength
2.00E+04 2.628 2.628 39.253 2.00E+04 2.163 2.163 60.895
2.00E+05 4.837 4.837 82.367 2.00E+05 4.051 4.041 173.037
2.00E+06 9.646 9.605 172.905 2.00E+06 7.901 7.499 366.141
Table B-3: Class One Configuration with Constant External Rayleigh Number and Varying Internal Rayleigh Number
Average Average Average Average
Heat Flux Heat Flux | Convection Heat Flux | HeatFlux | Convection
AR External | Internal Hot Wall Cold Wall Strength AR External | Internal | Hot Wall Cold Wall Strength
1 2.00E+05 | 2.00E+04 4,693 4.693 98.236 6 2.00E+05 | 2.00E+04 6.496 5.987 126.733
1 2.00E+05 | 2.00E+05 7.815 3.253 95.793 6 2.00E+05 | 2.00E+05 11.444 4.565 125.691
1 2.00E+05 | 2.00E+06 0.184 1.851 92.352 6 2.00E+05 | 2.00E+06 -0.107 1.714 113.401
Average Average Average Average
Heat Flux Heat Flux | Convection Heat Flux | Heat Flux | Convection
AR External | Internal Hot Wall Cold Wall Strength AR External | Internal [ Hot Wall Cold Wall Strength
2 2.00E+05 | 2.00E+04 5.280 4.873 115.906 8 2.00E+05 | 2.00E+04 6.124 5.637 125.111
2 2.00E+05 | 2.00E+05 9.514 3.815 117.772 8 2.00E+05 | 2.00E+05 11.410 4.309 126.769
2 2.00E+05 | 2.00E+06 0.098 1.534 104.775 8 2.00E+05 | 2.00E+06 -0.144 1.656 100.404
Average Average Average Average
Heat Flux Heat Flux | Convection Heat Flux | Heat Flux | Convection
AR External | Internal | Hot Wall Cold Wall Strength AR External | Internal | HotWall | Cold Wall Strength
4 2.00E+05 | 2.00E+04 6.634 6.086 130.231 10 2.00E+05 | 2.00E+04 6.346 5.804 119.683
4 2.00E+05 | 2.00E+05 11.665 4,227 127.565 10 2.00E+05 | 2.00E+05 11.117 4.217 115.995
4 2.00E+05 | 2.00E+06 -0.257 1.688 114.057 10 2.00E+05 | 2.00E+06 -0.215 1.882 118.705
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Table B-4: Class Two Configuration with Constant External Rayleigh Number and Varying Internal Rayleigh Number

Average Average Average Average
Heat Flux Heat Flux | Convection Heat Flux | HeatFlux | Convection
AR External | Internal | Hot Wall Cold Wall Strength AR External | Internal | HotWall | Cold Wall Strength
1 2.00E+05 | 2.00E+04 6.089 5.608 41.283 6 2.00E+05 | 2.00E+04 4.714 4.360 114.651
1 2.00E+05 | 2.00E+05 10.649 4.242 41.311 6 2.00E+05 | 2.00E+05 8.045 3.359 114.735
1 2.00E+05 | 2.00E+06 -0.258 1.916 42.904 6 2.00E+05 | 2.00E+06 0.081 1.694 134.110
Average Average Average Average
Heat Flux | HeatFlux | Convection Heat Flux | HeatFlux | Convection
AR External | Internal Hot Wall Cold Wall Strength AR External | Internal [ Hot Wall Cold Wall Strength
2 2.00E+05 | 2.00E+04 5.683 5.242 52.533 8 2.00E+05 | 2.00E+04 4.421 4.088 146.216
2 2.00E+05 | 2.00E+05 9.871 3.990 52.579 8 2.00E+05 | 2.00E+05 7.493 3.167 146.452
2 2.00E+05 | 2.00E+06 -0.112 1.846 57.233 8 2.00E+05 | 2.00E+06 0.093 1.654 157.973
Average Average Average Average
Heat Flux | HeatFlux | Convection Heat Flux | HeatFlux | Convection
AR External | Internal Hot Wall Cold Wall Strength AR External | Internal [ Hot Wall Cold Wall Strength
4 2.00E+05 | 2.00E+04 5.036 4.658 82.364 10 2.00E+05 | 2.00E+04 4.209 3.895 173.308
4 2.00E+05 | 2.00E+05 8.621 3.584 82.098 10 2.00E+05 | 2.00E+05 7.113 3.024 172.318
4 2.00E+05 | 2.00E+06 0.037 1.760 96.166 10 2.00E+05 | 2.00E+06 0.181 1.607 177.983
Table B-5: Class One Configuration with Varying External Rayleigh Number and Constant Internal Rayleigh Number
Internal | External | Average Average Internal | External | Average Average
Raleigh | Raleigh | Heat Flux | Heat Flux [Convection Raleigh | Raleigh | Heat Flux | Heat Flux | Convection
AR Number | Number | HotWall | Cold Wall | Strength AR Number | Number | HotWall | ColdWall | Strength
1 2.00E+05 | 2.00E+04 0.533 1.309 19.905 6 2.00E+05 | 2.00E+04 0.612 1.273 24.409
1 2.00E+05 | 2.00E+05 7.815 3.253 95.793 6 2.00E+05 | 2.00E+05 11.444 4.565 125.691
1 2.00E+05 | 2.00E+06 7.339 6.891 304.648 6 2.00E+05 | 2.00E+06 11.880 10.721 324,771
Internal | External | Average Average Internal | External | Average Average
Raleigh | Raleigh | Heat Flux | Heat Flux [Convection Raleigh | Raleigh | Heat Flux | Heat Flux | Convection
AR Number | Number | HotWall | Cold Wall | Strength AR Number | Number | HotWall | ColdWall | Strength
2 2.00E+05 | 2.00E+04 0.601 1.264 23.862 8 2.00E+05 | 2.00E+04 0.582 1.293 27.152
2 2.00E+05 | 2.00E+05 9.514 3.815 117.772 8 2.00E+05 | 2.00E+05 11.410 4.309 126.769
2 2.00E+05 | 2.00E+06 11.024 9.938 377.817 8 2.00E+05 | 2.00E+06 11.835 10.215 350.994
Internal | External | Average Average Internal | External | Average Average
Raleigh | Raleigh | Heat Flux | Heat Flux [Convection Raleigh | Raleigh | Heat Flux | Heat Flux | Convection
AR Number | Number | HotWall | Cold Wall | Strength AR Number | Number | HotWall | ColdWall | Strength
4 2.00E+05 | 2.00E+04 0.587 1.275 25.274 10 2.00E+05 | 2.00E+04 0.543 1.341 28.804
4 2.00E+05 | 2.00E+05| 11.665 4.227 127.565 10 2.00E+05 | 2.00E+05 11.117 4.217 115.995
4 2.00E+05 | 2.00E+06| 10.553 11.226 361.504 10 2.00E+05 | 2.00E+06 9.837 10.808 323.365
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Table B-6: Class Two Configuration with Varying External Rayleigh Number and Constant Internal Rayleigh Number

Average Average Average Average
Heat Flux | Heat Flux [Convection Heat Flux | Heat Flux | Convection
AR Internal | External | Hot Wall | Cold Wall | Strength AR Internal | External | HotWall | ColdWall | Strength
1 2.00E+05 | 2.00E+04 0.467 1.388 18.061 6 2.00E+05 | 2.00E+04 0.607 1.318 52.062
1 2.00E+05 | 2.00E+05| 10.649 4.242 41.311 6 2.00E+05 | 2.00E+05 8.045 3.359 114.735
1 2.00E+05 | 2.00E+06 13.567 12.382 85.857 6 2.00E+05 | 2.00E+06 9.312 8.463 257.070
Average Average Average Average
Heat Flux | Heat Flux [Convection Heat Flux | Heat Flux | Convection
AR Internal | External | Hot Wall | Cold Wall | Strength AR Internal | External | HotWall | Cold Wall | Strength
2 2.00E+05 | 2.00E+04 0.525 1.366 27.040 8 2.00E+05 | 2.00E+04 0.630 1.300 60.198
2 2.00E+05 | 2.00E+05 9.871 3.990 52.579 8 2.00E+05 | 2.00E+05 7.493 3.167 146.452
2 2.00E+05 | 2.00E+06| 11.784 10.768 109.685 8 2.00E+05 | 2.00E+06 8.750 7.776 319.812
Average Average Average Average
Heat Flux | Heat Flux [Convection Heat Flux | Heat Flux | Convection
AR Internal | External | Hot Wall | Cold Wall | Strength AR Internal | External | HotWall | ColdWall | Strength
4 2.00E+05 | 2.00E+04 0.594 1.341 40.387 10 2.00E+05 | 2.00E+04 0.652 1.297 64.474
4 2.00E+05 | 2.00E+05 8.621 3.584 82.098 10 2.00E+05 | 2.00E+05 7.113 3.024 172.318
4 2.00E+05 | 2.00E+06| 10.109 9.130 173.122 10 2.00E+05 | 2.00E+06 8.103 7.359 372.958
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