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ABSTRACT

In high density urban areas; such as Bangkok, row houses are the most popular
building type used for living and trading, since they are able to response the functional
requirement for living. On the other hand, from the climatic viewpoint, row houses are much
more inferior to other types of buildings, especially the potential of ventilation. In many
cases, the users can not get the maximum benefit from the building’s openings because of
pollution and obstructions such as commercial advertising panels, curtains or even furniture
settings. Moreover, in such high density areas, surrounding buildings can be obstructions
themselves. As a result, there is a lack of sufficient wind speed for ventilation in row houses.

This study tries to provide another alternative ventilating technique, namely
downdraught ventilation in application to a row house. Downdraught ventilation is the
behavior of air movement which flows in a downwards direction due to air pressure
difference. In order to create this downdraught effect, the building needs 3 important
components consisting of wind catcher, wind tower and flow path.

Previously, the paper presented a preliminary study of general configurations of the
wind catcher and its relative factors, which influence the efficiency of ventilation. The size
and location of the inlet-outlet area and the tower, the depth and height of the building and
the techniques used for air dissipation are all parameters that have been studied. All case
studies have been investigated by using 3 methods: by 2 dimensional models on a flow
visualization table, computer simulation (CFD) and 3 dimensional models in wind tunnel.

The previous conclusions are: the wind catcher with the lean roof can direct the

airflow to the occupancy level better than the flat one. Besides, placing the outlet openings



at the normal level (wind catcher type 3 and 6) is able to create the simplest flow path,
which resulted in better airflow performance. In addition, reducing the size of the inlet area,
wind tower or outlet area produces lower air volume and air velocity in the room for the flow
rate is determined mainly by the smallest area, either the inlet or the outlet. In the next
experiment, when the given room depth is greater, the average wind speed in the room is
lower accordingly, because of the greater friction loss along the flow path.

For multi-storied buildings, to achieve vertical balancing the inner tower openings
should be proportionally decreased on lower floors. In practice, having equal areas of inner
openings on each floor is more appropriate, from a functional aspect. Furthermore, to
operate all openings in the building by separating air supply, floor by floor, increases the
wind speed on the desired floor due to the smaller occupied volume compared with the
volume of air supply.

Following the results of the analysis, the final part of this study presented 3 different
types of row house design which were integrated with downdraught ventilation. The
following recommendations can be summarized from the study:

1. Consider the site's wind conditions, which are the wind speed and prevailing wind
around a building, since the effectiveness of downdraught ventilation mainly depends on
natural wind. If the satisfying wind speed is available, the efficiency of downdraught is better
as well. Apart from that, the level of the wind catcher is one of the most important criteria
also. Generally, the level of the wind catcher should be higher than all surroundings in order
to capture the higher wind speeds above the roof’s level.

2. Row houses which are higher than 3 stories or 3 times longer than their width
should be provided with up to 2 sets of wind catchers and wind towers. From the first
altemnative design, there are 2 sets of wind catchers, each one serving 2 floors. In this case,
each wind catcher is able to provide a greater quantity and better balance of air on each
floor.

3. In all case studies an average wind speed in the floor space is about 30% of the
original wind speed. Using the Beaufort Wind Scale as a standard, it was found that the
calculated floor wind speed in buildings, located in Bangkok, was too low to be effective,
simply because the original wind speed was low. However, in some parts of Thailand, such
as the south, where average wind speed is higher, row houses that include downdraught

ventilation are able to provide more air movement than those without.



4. Manage the functional area in a row house in order to get the most advantage from
natural ventilation. Solid objects such as partitions, furniture and stair cases should be
placed where they are least likely to obstruct airflow.

In the end, even the effectiveness of downdraught ventilation can not provide
comfortable thermal ventilation for dwellings all the time. However, integration downdraught
ventilation with mechanical ventilation does have the potential to improve internal conditions,

supply purified air for maintaining air quality and meet ventilation health requirements.
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o ] ar Az [ -
GATMNIANMIMIANLANANIBIANNAGLEMANTLBLRUgRMAR (Ap) Ag’

Ap = hxgx(d, —d) (2.5)
dla Ap = ANUANFNTBIATNNAAUEINNA (Pa)

h = ANNUANANYDIANNGY (14AT)

g9 = usalriugng (9.81 WM3AUN2)

d = ATIHULNULLANNEIMA (NN./AL.N.)

o " " ”
WHEAUMUNLLLIENDNA (d) W gouvnu (T) A d,

dy = 1.293 x 273/T (2.6)
e T = grmniasmdymi (°K)
A Ap = h x 9.81 x (1.293 x 273/T, - 1.293 x 273/T)

Ap = h x 3462 x (1/To — 1/Ti) (2.7)

grImIAMUIEAsINITINEE INARRAR INANNIANANTaIgRMAR (v) A

vr= 0.827 x Ay,,, x VAp (2.8)

ar [ 2 - -’: = ' 1
HINFAIDHINNDINNNITIZUILDINIAULLIY uﬂ:ummmnmeWNQQMLnu 5 WmT

T, = 28 + 273 = 301 °K
T, = 20 + 273 = 293  °K

Ap = 5 x 3462 x (1/293 - 1/301)

= 1.57 Pa

flaaadinunm 0.25 mI.u.

o

AU Vr = 0.827 x 0.25 x N1.57

0.26 ALLH /AU

FtSMTINNITILNEENIARIFEEN. analfleanasianIEEuieINALTEMEIIN
1 13 1
wnmeuluanas winufaunldanalineg winduidesdladu 4 azn. ArANEIaN

ity

*Michael Docherty and Steven V. Szokolay. Climate Analysis. Queensland : The University of Queensland
Printery, 1999, p. 42.
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AL U UaN AR UTeIaNAzilAT -0.3 T -0.4 pw
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vr = 0.827 X Ajyuqs X Ap (2.10)

< 4 -
Franuilinusaunattiy 7 waeAun

pw = 0.612 x (7)° = 30 Pa

Fnanud lANLLANFNNTAIANNNAGUENNALTIY

Ap = 0.75 pw—(-0.25 pw) = 1 pw
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vr = 0.827 x 4 x Y30 = 181 AL.N/AUW

a R S v
mmmﬂmmmmﬁwLﬂﬁﬂuwmwmwmuflu

v = 18.1/4 = 45  WATAUN

Ednsanitnuasdesanaaniisunabiviniu Widuana A Tusdiitlue

A = Aniﬁ X Anan
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‘Michael Docherty and Steven V. Szokolay. Climate Analysis. Queensland : The University of Queensland

Printery, 1999, p. 43.
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Givoni, B. Man, Climate and Architecture. 2™ ed. London : Applied Science Publishers, 1976, p. 293.
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qampiiannA (evAiadiug) Air temperature (Celsius)
grumiinounn (evAoe D) Grass temperature (Celsius)
qmuqﬁﬁ’l (mmmm"ﬁtm) Water temperature (Celsius)
ALBUELNE (e fiiusl) Relative humidity (%)
OIMNIAY (B9ATATEA) Soil temperature (Celsius)
Punnainely (HaaMT) Rainfall (mm)
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FAntauazAmiaan (AT /) Wind (m/s)
‘ﬁ"fﬁmuﬂﬂ ('ﬁl"ﬂu\l) Sunshine duration (hr)
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Station BANGNA Elevation of station above MSL 3.00 m.
Latitude 136 N Height of thermometer above ground 1.25 m.
Longitude 1006 E Height of wind vane above ground 10.00 m.
Height of rain gauge 1.00 m.
JAN FEB MAR APR MAY JUN JUL AUG SEP OoCT NOV DEC  YEAR
Air Temperature (celsius)
Extreme maximum 358 370 376 400 392 375 36.8 36.6 35.6 352 355 351 40.0
Mean maximum 324 331 342 356 35.2 341 33.3 3341 329 321 319 313 333
Mean 273 283 298 311 30.8 29.9 29.4 29.2 28.8 282 276 264 289
Mean minimum 221 235 254 266 26.3 25.7 254 252 24.7 243 233 215 24.5
Extreme minimum 140 161 196 214 220 22.2 223 216 222 183 180 137 13.7
Grass Minimum Temperature (celsius)
Mean minimum 186 207 234 253 250 245 242 240 238 230 206 1841 226
Extreme minimum 85 100 135 190 222 200 218 210 220 140 142 73 7.3
Water Temperature (celsius)
Mean maximum 30.0 316 332 347 34.2 331 325 32.1 32.2 318 305 290 321
Mean 248 263 282 294 29.2 284 28.0 27.7 27.7 27.2 255 238 27.2
Mean minimum 19.6 21.0 231 241 24.2 23.7 235 23.3 23.2 225 204 185 223
Relative Humidity (%)
Extreme maximum 100 100 100 100 100 100 100 100 100 100 100 100 100
Mean maximum 91 91 91 90 91 89 90 90 a3 91 86 87 90
Mean 68 69 71 70 72 72 74 74 75 74 68 67 7
Mean minimum 44 47 50 50 52 54 57 57 57 57 50 46 52
Extreme minimum 23 15 20 14 32 34 39 39 40 38 29 31 14
Soil Temperature (celsius)
Mean at surface 286 298 316 327 319 310 302 295 290 286 284 280 299
Mean at 5 cm. 295 309 327 340 329 316 30.9 30.1 29.3 290 294 287 30.8
Mean at 10 cm. 291 305 324 336 32.7 314 30.7 30.1 29.5 291 291 283 30.5
Mean at 20 cm. 296 309 327 340 333 321 314 305 299 296 29.7 29.0 311
Mean at 50 cm. 29.5 2841 _ _ _ _ 36.1 _ _ _ _ 31.2
Mean at 100 cm. 42.0 - _ < _ _ 33.0 _ _ _ _ _ 375
Rainfall (mm.)
Total 177 119 338 643 1881 1579 1660 2306 3539 251.7 287 2.4 1507
Number of rainy day 3.0 3.0 4.0 6.0 14.0 15.0 17.0 19.0 22.0 17.0 5.0 1.0 126.0
Greatest in 24 hr 641 360 623 665 1859 1284 79.2 823 1262 1263 841 76 1859
Evaporation (mm.)
Mean evaporation 4.1 47 55 59 5.4 48 45 43 4 4.1 43 45 4.7
Wind
Prevailing direction NE S S S S SW SW sSwW SW NE NE NE
Mean speed (m/s) 0.8 1.3 1.6 15 1.0 1.1 1.1 1.0 0.7 0.9 1.1 1.1
Sunshine duration (hr)
Extreme maximum 99 105 108 1.2 11.6 117 115 11.0 103 10.5 104 9.8 11.7
Mean 7.9 8.9 8.7 9.0 7.0 5.8 53 46 4.7 58 75 8.2 7.0

Remark : “_" indicate missing data

AGROMETEQOROLOGICAL ANALYSIS SUB - DIVISION, AGROMETEOROLOGY DIVISION

DATA PROCESSING SUB - DIVISION, CLIMATOLOGY DIVISION

METEOROLOGICAL DEPARTMENT
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DYRPHAIMA NTANNNNIUAT WA 2532 — 2541 (1989 — 1998)
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3.1 UONEINIA NPMWUNIUAT W.A. 2532 — 2541

Relative Humidity : 1989 - 1998

1 A A A A e A Al L
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3.2 ANNTURNINE NPINIINUAT W.A. 2532 — 2541

Sunshine Duration : 1989 - 1998
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TRYRNTHANMIA NFIUAVNUWIUAT W.A. 2532 — 2541 (1989 - 1998)

Soil Temperature : 1989 - 1998

240 4

Soil Temperature (celsius)
L]
o
1

JAN FEB MAR APR MAY JUN JUL AUG SEP ocCT NOV DEC
—&— Mean at surface —®— Mean at 5 cm. —%— Mean at 10 cm. —®— Mean at 20 cm.

WHUDIA 3.4 fUUUIlAU NFMWNUIUAT W.A. 2532 - 2541

Grass Minimum Temperature : 1989 - 1998
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WHUDRA 3.5 QUNTVIN NTIYINLMILAT W.A. 2532 - 2541

Water Temperature : 1989 - 1998

Waler Temperature (celsius)
N
2
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JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC
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WHUDIA 3.6 QUYL NPWVIMIMILAT WA, 2532 - 2541
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TAYANTIDIMA NTUNNNMIUAT WA, 2532 — 2541 (1989 — 1998)

Evaporation : 1989 - 1998

Evapaoration (mm)

q 45
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uHuQiIN 37 inumsszmenaiadle npamwinuas we. 2532 - 2541
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WHUDRA 3.8 Fnnuly npammmILAT WA, 2532 - 2541
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FYRNNDIMA NTUNWUMIUAT W.A. 2532 — 2541 (1989 — 1998)

Wind Speed : 1989 - 1998

Wind Speed (m/s)
o
1

00

Direction NE

2
E
¢
2

NE

JAN FEB MAR APR MAY JUN JUL AUG SEP ocr

—&— Mean speed (m/s)

WHUQIR 3.10 AAITIRN NTIVNUIUAT WA, 2532 - 2541

Total Mean speed (m/s)

NW NE

54

—— Total mean speed (m/s)

o al - < -
UWHUDHN 311 NANNUAZANHITIANIDAE NPUNWHUIUAT W.A. 2532 - 2541
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-4 < -3 4
ANTHN 3.2 uﬂﬂ\lﬂﬂﬂqﬁLlﬂ:ﬂ']'\lll?"lﬁNlﬁﬂﬂ?’]ﬂlﬁﬂuﬂ‘wauﬂquﬂ? W.A. 2532 - 2541

JAN N NE E SE s SW w NW Calm Total JuL N NE E SE s SW w NW Calm Total
mis 53 53 | mss 47 47
0516 20 21 23 10 46 18 06 09 153 0516 03 02 0.4 04 54 3.1 31 0.4 133
17-34 12 41 a7 13 6.6 51 05 03 228 17-34 05 02 0.2 11 95 83 6.9 08 275
3555 03 20 23 04 14 13 02 [+1¢] 7.9 3555 01 00 0.0 0.2 29 43 30 05 11.0
5687 0.0 02 03 00 00 oo 0.0 00 05 5687 0.0 (¢Xs] 0.0 01 03 o7 04 01 16
Total 35 84 88 27 126 82 13 12 53 100 | Total 09 04 06 18 181 164 134 18 a7 100
FEB N NE E SE s SwW w NwW Calm Total AUG N NE E SE s Sw w NW Calm Total
m/s 35 35 m/s a7 47
0516 | 0.7 11 LE [eX 9.8 16 03 02 154 | 0516| 02 00 04 04 41 27 38 0.5 121
1734 ] 1.4 18 31 15 18.0 57 11 03 329 | 1.734] 03 02 04 06 8.1 8.7 83 1.0 276
35565 01 10 15 05 5.9 5.1 0.4 01 146 3555 00 00 01 01 23 47 36 04 11.2
5687 00 00 02 00 0.3 1.1 00 oo 16 56-8.7 0.0 00 00 00 0.2 08 07 02 1.9
Total 22 39 5¢ 26 340 135 18 06 35 100 | Total 05 02 09 1.1 147 169 164 21 47 100
MAR N NE E SE s swW w NW | Calm | Total | SEP N NE E SE s SW w NW | Calm | Total
m/s 28 28 mis 650 60
0516 | 04 02 o7 11 98 15 0.4 0z 143 | 0516 08 05 12 0.2 31 23 23 07 11
1734 | 07 11 14 17 230 7 06 02z 358 | 1734 13 10 11 1.0 46 43 59 1.8 210
3555 03 03 08 08 9.2 67 0.4 0.0 183 3555 02 03 03 03 11 22 23 0.1 68
5.6-8.7 0.0 0.0 01 00 13 1T 0.0 0.0 a 5687 0.0 0.0 0.1 0.0 01 0.2 02 0.0 06
Total 14 16 30 34 433 17.0 1.4 04 28 100 Total 23 18 27 15 89 9.0 10.7 26 60 100
APR N NE E SE s SW w NW Caim Total oCcT N NE E SE s SW w NW Calm Total
mis 3 33 m/s 61 61
0516 | 05 03 08 05 11.0 15 10 03 159 | 051.6] 31 23 20 04 1.9 07 08 1.0 122
1.734] 05 06 10 21 220 6.1 12 03 338 | 1.7-34] 44 52 31 08 19 1.3 1.3 09 18.9
35565 01 02 (vl ] [e3-] 78 6.0 04 00 156 3555 12 24 11 0.2 04 o7 04 04 68
5687 00 00 [oXs] 00 07 1.0 0.0 00 1.7 5687 02 02 0.2 0.0 00 01 00 0.1 08
Total 11 11 21 34 a5 14.6 26 o0& 33 100 Total 89 10.1 6.4 14 42 28 25 24 61 100
MAY N NE E SE s SwW w NW Caim Total NOV N NE E SE s sSwW w NwW Calm Total
mis 5 46 m's 53 53
0516 05 03 o8 08 a8 19 18 01 15.0 05-1.6 53 37 1.7 01 09 03 o8 1.0 138
17-34 | 04 06 0s 17 13.0 54 30 o7 257 1.7-34 73 90 4.4 o7 0.9 o7 05 1.4 249
3555 | 01 02 01 o8 a7 46 1.2 01 118 | 3555 1.8 3z 17 0.0 0.0 0.4 0.4 01 76
5687 0.0 00 00 00 06 0.7 0.4 01 1.8 5687 0.0 04 03 0.0 0.0 0.0 0.0 00 07
Total 1 11 18 33 211 12.6 64 10 46 100 | Total 14.4 163 81 08 18 14 1.7 25 53 100
JUN N NE E SE S SW w NW Caim Total DEC N NE E SE S SW w NW Calm Total
mis 47 47 m/'s 54 54
0516 | 02 01 25 05 50 28 28 03 122 | 0516 63 38 23 02 11 02 04 13 156
1.734] 03 02 04 058 100 79 56 08 260 | 17-34] 84 7747 04 07 06 03 13 241
3555 0.0 00 01 01 as 5.1 32 0z 122 3555 1 20 19 00 03 03 0.0 02 58
5687 | 00 00 00 00 06 1.3 06 [+ 26 | 5687 01 03 02 0.0 00 0.1 0.0 0.0 07
Total 05 03 1.0 14 19.1 171 122 14 a7 100 Total 159 138 91 06 21 1.2 0.7 28 54 100
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a o o
M 33 qruuniidnng 2 99l nmWIMIUAT WA, 2532 - 2541

JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC

Mean max. DBT

Data 324 (331 342 | 356 | 352 (341|333 331|329 321 | 319 | 31.3
(celsius)
RH p.m. (%) 44 47 50 50 52 54 57 57 57 57 50 46
WBT (celsius) 228 | 241 | 256 | 267 | 26.8 | 263 | 26.2 | 260 | 2569 | 25.2 | 236 | 223

ET max. (celsius) 269 (277 | 287 | 29.7 | 295 | 29.1 | 288 | 286 | 285 | 27.9 | 27.2 | 26.3

Mean min, DBT

Data 221|235 | 254 | 266 | 26.3 | 25.7 | 25.4 | 252 | 247 | 243 | 233 | 21.5
(celsius)
RH a.m. (%) 91 91 91 90 91 89 90 90 93 91 86 87
WBT (celsius) 210 | 223 | 242 (253 | 251 | 242 | 241 | 23.9 | 23.7 | 231 | 21.5 | 20.0

ET min. (celsius) 218 | 231 | 248 | 259 | 257 | 25.0 | 248 | 245 | 241 | 23.7 | 226 | 21.0

000 | 229 | 241 | 257 | 26.7 | 26.4 | 258 | 256 | 254 | 25.0 | 246 | 235 | 221

200 | 225|238 | 253 | 264 | 262 | 255 | 253 | 250 | 24.7 | 242 | 232 | 21.7

4,00 | 221 | 234 | 25.0 | 26.1 | 25.9 | 256.2 | 25.0 | 247 | 243 | 240 | 228 | 21.3

6.00 | 21.8 | 23.1 | 248 | 259 | 26.7 | 256.0 | 24.8 | 245 | 241 | 23.7 | 226 | 21.0

800 | 222|237 | 252 | 263 | 26.0 | 254 | 252 | 249 | 245 | 241 | 230 | 216

10.00 | 24.7 | 258 | 27.0 | 280 | 278 | 27.3 | 27.0 | 26.9 | 266 | 26.1 | 25.2 | 24.1

12.00 | 26.1 | 27.0 | 281 | 291 | 290 | 285 [ 28.1 | 28.0 | 278 | 27.2 | 265 | 256

1400 | 269 | 27.7 | 28.7 | 29.7 | 295 | 291 | 288 | 286 | 285 | 279 | 27.2 | 26.3

16,00 | 26.4 | 27.3 | 283 | 294 | 292 | 288 | 284 | 282 | 281 | 276 | 26.8 | 25.9

1800 | 25.2 | 262 | 274 | 285 | 282 | 278 | 275 | 273 | 271 | 265 | 25.7 | 24.7

20.00 | 240 | 2511 | 265 | 275 | 27.2 | 26.7 | 265 | 26.2 | 26.0 | 255 | 24.6 | 23.3

2200 | 233 | 246 | 260 | 271 | 268 | 26.2 | 26.0 | 258 | 264 | 25.0 | 24.0 | 227

anA9t 3.3 unisuaniiniamdrgruupiiiedse 2 Galue e
ﬂf)'mﬁ’uﬁ’uﬁ'?:nd'wi’}qmuqﬁn:tm:uﬁqLﬂgﬂqmm (Mean max. DBT) fLUANAINT
Fnnsiaduingn (MOUNANIW) (RH p.m.) uazAuduRusTzwinsAquuniinzily
winadusnga (Mean min. DBT) ﬁurhﬂmu%uﬁ’uﬁ'ném'ﬁjﬂqqqm (MBULE1) (RH a.m.)
N’M’lﬂ"lﬂquﬁﬂ:tﬂﬂ:lﬂﬂﬂlﬂgﬂq\lﬁﬂ uAZFAR amiudniluwdeslunswuluun sy
ufrgudngnuunll CET eflanudaan winfu 0.1 wmsAuwit Welduaguungll CET

- - o - . a o .
wane 2 daluauds [nhllwdemdgumngil CET Medaluasialy
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N 34 gruunfiisdenedalie ngamwamiuAs WA, 2532 - 2541

hour JAN FEB | MAR | APR | MAY | JUN JUL | AUG | SEP | OCT | NOV | DEC
0.00 229 241 257 | 26.7 | 26.4 25.8 256 25.4 25.0 246 | 235 221
1.00 22.7 240 | 255 | 2656 | 263 25.7 255 | 252 | 249 24.4 23.4 21.9
2.00 2.5 238 | 263 | 264 | 262 2565 | 263 | 250 | 247 242 | 232 21.7
3.00 223 236 | 262 | 263 | 2641 254 | 252 | 249 | 245 | 241 230 | 215
4.00 221 234 25.0 [ 26.1 259 252 | 250 | 247 | 243 | 240 228 | 21.3
5.00 220 233 | 249 | 260 | 258 251 24.9 246 | 242 239 | 227 21.2
6.00 21.8 231 248 | 259 257 250 | 2438 245 | 241 23.7 22.6 21.0
7.00 22.0 234 | 25.0 | 2641 25.9 252 | 250 247 | 243 239 | 228 21.3
8.00 222 23.7 | 252 | 263 | 26.0 25.4 25.2 249 | 245 241 23.0 216
9.00 235 248 | 261 272 | 269 26.4 26.1 259 | 266 25.1 241 229
10.00 24.7 258 | 270 | 280 | 278 273 | 270 | 269 | 266 26.1 252 | 2441
11.00 254 26.4 276 | 286 | 284 2719 | 276 215 | 27.2 26.7 259 24.9
12.00 26.1 27.0 [ 281 29.1 29.0 | 285 | 281 280 | 278 | 27.2 26.5 256
13.00 26.5 274 | 284 | 294 | 293 28.8 285 283 | 282 276 | 269 26.0
14.00 26.9 277 | 287 | 297 | 295 | 291 28.8 286 | 285 | 279 | 272 26.3
15.00 26.7 275 | 285 | 296 | 294 29.0 | 286 284 | 283 27.8 270 | 26.1
16.00 26.4 273 | 283 | 294 | 292 288 | 284 | 282 | 281 276 268 | 259
17.00 258 | 268 | 2719 | 290 | 287 283 | 280 | 278 | 276 274 263 | 253
18.00 252 | 262 | 274 | 285 | 282 | 278 | 275 273 | 271 265 | 257 247
19.00 246 257 270 | 280 | 277 | 273 | 27.0 268 | 26.6 26.0 | 252 24.0
20.00 24.0 25.1 265 | 2715 | 272 26.7 26.5 26.2 | 26.0 255 | 246 | 233
21.00 23.7 249 | 263 | 273 | 270 265 | 263 | 260 | 257 253 | 243 | 230
22.00 233 246 | 260 | 271 26.8 262 | 260 | 2568 | 254 25.0 240 | 227
23.00 231 244 | 259 | 269 | 266 260 | 258 | 266 | 252 24.8 23.8 22.4

3.3 NITWIAIEANIITUIELNE
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- :‘ e o - i =i o - :: ¢J
avrlsznavuau WilaounweeunasAnMiasnimassuianasfilssnauyiaReedanins
£ 7 ar -l 0 = -‘ - ey
2NA MLAM BRIV ENAT AL WanmsguANALNY aziunasantelfizen
saniniudmagiionnia Tuaasien BiinssuednmnsmnNaty 1893 9nIe  Uas
z ‘J = - - gy ar
@ednanuldunAnsulysae 'lum?omuﬂ:ﬁ’qmmm?m"luﬁmﬂgummi ANETUZTRIAINN
AUNEIRINYEE wTBlIAAINALIETe NYEdlAgnRgal wazuFuudsuiuaniay
pfioma MatiieRgainnuesnisuaseiiaraanisrauauanieu
mMaaasanemraLwnsanIazaunsluszazusn unimmaasslnuairaisasnass
™ -J i i o, i i
pauANmuls usliggnnaassdadudiminatns sreuidiu uszmaglnl Wnlleg
g v o o - - Y e n‘l, -
wdoiudeyaqanange Winlsanamesdlsznauuasaniazaune waldiuynnunly
Tan datidinauaunesmna1atiuees Wia. uwaines (P.O. Fanger) Fundn &4l PMV
[l -3 ot - i ‘J
(Predicted Mean Vote) atialmmin lunismaaeslusse=may gRasuuanavinunla
NENENNLTENAIINAYNNAKEY iqmﬂuammmﬁ'ﬁa TUEIAI99T UAZANINULIARBN
AN UINNTIMININAREITUABINARDEY WUTY 1OLIARNTI AL I H A N UAUEL

anmniienA warniszma (Thvan’

3.3.1  Humphreys (1975)

nnnlrziaadayaniasuy Fanelumenenatnslugaaalsznm 1 ieu
WUANMNANRUINATAT AR ANANIIBIMYT (thermal neutraliies : Tn)
uyHeFan aanAdeariuguMgiienIa via quugiilnay (air or globe temperature :

' -} -3 i 1
Ti) A Tn Aiuldegszudn 17 -30 asmmades

Tn = 256 +083 xTi (r = 0.96) (3.1)

v
o ]

N1IATITUTUAENITE Humphreys (1976) vimnisnaasaluaiaislidiueinia
WUAINANAUS TENINAINANIIqUUYH HAuduWusiuguualiiafuniauan

(outdoor mean temperatures : Tm)

Tn = 11.9 + 0.534 x Tm (r = 097) (3.2)

"Michael Docherty and Steven V. Szokolay. Climate Analysis. Queensland : The University of Queensland
Printery, 1999, p. 23.
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3.3.2 Auliciems (1981)
L. Y o ed o 4 o o o

Auliciems WiwumNATUINIASuARITUAINa1Y Tunmaseatuiy Maluenans
Usuana uabidiuainma ililddn Tn saust 18 - 28 avasaidus

n = 17.6 + 0.31 x Tm (r =088 (33)

o o T , o

(FmFuanashidfuenid dAranutin@ane r = 0.95)

3.3.3 Griffiths (1990)

o - [ ar ar "4

nngAnEes Griffiths Tuglad dwmFueiaishidiueinia wuaauduiui
InftAtNniunAaT89 Humphreys 7N

Tn - 12.1 + 0.534 x Tm (3.4)

33.4 Nicol Waz Roaf (1996)

Nicol ua Roaf Wimsdanmulszmeninaniy wuamudwusaail

Tn = 17 +0.38 x Tm (3.5)
) - - -1 Ve e <o o ' a
ANaNIaIgmnil (Tn) Nldiail Wudrdmivaumivinnm egluanimuindanni

1 ) - ' '

uazldidadimuaune Al Tn Nldagezudng 18 - 30 B9ANTATHA UAIRIULILUBLILYA
gesgoaugi luaniozaueiu Tn + 2 ssasadus

aa " ' z 1 } 4 -3 74 -

WMIAINANIBIRNTALNEMATT sinldiutainmaiudeysluanwgiitszna
- H fl - o - - ar | ala -
pRemAiuansiniu dmiuhulszmalynglBianddevaasunion1diaves Auliciems

o o .3 4=J!1 J A - = ar pu|

mziwnuninluwuinieusy aadanmgiemalndirasesiulssmalnasinings uns

ar

FRuARfRse NN IeLIRANITALNEANNAENITI0Y Auliciems TUMAN

3.4 n’l‘a“’v‘l'lF‘i’l‘ﬂﬂﬂlﬁﬁﬁﬂ'\?%ﬁﬂ’lﬂ‘ﬂ’ﬂs‘ln‘{ﬂWl?ﬂ-l“'l‘uﬁ‘i‘
INGATATUILUELIUAALNEUDY Auliciems
Tn = 176 + (0.31 x Tm)
e Tn AB QIUUDHAINANTEIUALIIARNIIZALNEY (B9ATAITHA)
Tm s Fhmgﬂqnmqﬁmmﬂmﬂuﬂn (2eAaTeA)

WAZARTATLITUANINTL (dT) kU ET* (new effective temperature) Tuununi

lalasmsn

dT = 0.025 x (T - 14) x AH,(50%)
e dT  As  Anwudusendu ET

AH Ao FArwdudiymd

T A AN Tn+2
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YUABUNITUILRULUAANIITALNE

1)

2)

3)

4)

5)

6)

7)

° i - = < - o

wAguugiiaNANMeuaniasiafe (Tm) IDUADUIUMARA wunulugms

WA Tn

o e ] AJ o 3 o [ & - -

Avuasuni Tn 1Y o szduANIu@ning 50% Tuwnnilolassin
A o

UEITENETBLIARNIZAUNEATEAL Tn +2 UAT Tn -2 B9ANTaidea

=l ar g - ° ar

Wowdu ET* lsmureuimdang1n ieriuatsunanizauny ANdu

wnadu ET* Wnangms dT

FeUAIBUALYL UAZEITRIANNNZALNY TTzAAT RS 4 - 12

nfwnn. narleunannzaunsdmivgguuninusauymd

o ‘0’ ‘vr 4 J o -

Widumeun 1-4 MEMILELIIRANTALNERMILIGg Fou

o ' = .¥ pu| - L3

Auuaduaniazanaluwiazipeusesivunaluwunll Tnanvuege 2 99

amumumqmuquqqqm FAedudinishaaneing qefinesiiingamgl

fnge mmﬂuwd’uwwﬁmammﬂum wdaanidumsadonqaiaans

m-mﬁ’umﬂuw 6 mumm 12 1Aau

VDULYAAMITALNEUDINGIANNHUINUAT W.A. 2532 — 2541 (1989 — 1998)

< = =i °
MIN 35  doyaniann1an 1 un AU IaLLIRANIALNEURINFUVNNUNLAT

JAN | FEB [ MAR [ APR [ MAY |JUN [JuL |AUG |SEP | OCT | NOV | DEC
Tmax |324 [331 [342 356 |352 |341 [333 |331 |329 |321 |329 |313
sdMax (09 |13 [10 [17 |16 [13 [16 |15 |11 |09 [12 |14
Tmin |221 | 235 |254 [266 |263 |257 |254 | 252 |247 [243 |233 |215
sdMin (14 |23 |09 |21 |18 |10 [12 |07 |10 |12 |16 |17
Tsd (10 [15 |08 |16 |14 |10 [12 |09 |09 |09 [12 |13
RHam |91 |91 |91 [0 |91 |89 |o0 |90 |93 |91 |86 |87
RHpm |44 |47 |50 |50 |52 |54 |57 |57 |57 |57 |50 |46
Rain |18 |12 |34 |64 |188 |158 |166 [231 |354 |252 |29 |2
Iad | 4783 | 5525 | 6011 | 5583 | 4889 | 4592 | 4528 | 4094 | 3844 | 3750 | 3817 | 3800

MUY Foudhmnaiign Ao Wousuneu ArquunfisnAadogegad 31.3

: a 4 o e i =
29A1 Waua Argruuglaimanduigaiy 21.5 ssrTadsa AUAIgUNYT

-
amaAaaetiu 26.4 ﬂ\iﬂ’“‘ﬁﬂl-‘ﬁﬂﬂ
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Tn = 176 + (0.31 x Tm)

Tn = 17.6 + (0.31 x 26.4)

= 2578 + 2

= 23.78 - 27.78 paATATaA
dT - 0.025 x (T - 14) x AH(50%)
dT for ET* Min = 0.025 x (23.78 - 14) x 9.30

= 227
The axis intercept = 23.78 + 2.27

= 26.05 DIANTALTHA
dT for ET* Max. = 0.025 x (27.78 - 14) x 11.89

= 4.09
The axis intercept = 27.78 + 4.09

= 31.87 2IANTAITEA

na9ay euiteuign Ao Wouumneu guugienimadsgegaiu 35.6

: = 3 “® -
armadua AgumnlonniAlauagaiii 26.6 svrEadus FAaniuAgumMglionIA

-
wastly 31.1 svrmadua

Tn = 17.6 + (0.31 x Tm)
Tn = 17.6 + (0.31 x 31.1)

- 2724 + 2

= 2524 - 2924 paATaITA
dT = 0.025 x (T - 14) x AHT(50%)
dT for ET* Min = 0.025x (25.24 - 14) x 10.18

= 2.86
The axis intercept = 2524 + 2.86

= 28.10 DIALTAITEIA
dT for ET* Max. = 0.025 x (29.24 - 14) x 12.98

= 494
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I

The axis intercept 29.24 + 494

34.18 SIFNTIAITA

YDULTARMITALNEUDINFUNNUMIUAT W.A. 2532 — 2541 (1989 — 1998)

PALWRRNIZALNEAMTLYUUM 23.78 - 27.78 DIANTATEA

spumanIzALNBAMILgRFeN = 2524 - 29.24 aALATEA
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a o @ =l
3.5 NISWITAULTAENIIZEUILARTAINLFIANLTININNYERS (CET)
INNIANIUMNTBLAANIZAUNEITR alRRNTIANITIANTINAGE A9
Lildanmenaiuywdianad AniufRdedaldulasdrgruuglusunaniozauns

o

panane ugouwnil CET

-l ' = acd o
MTNN 3.6 ATUAUNHUBLIIARNITALNERAINITTEY Auliciem

fruuninzihzui msduding | gagiinmihaden | sewssammazaune
(DBT) (RH) (WBT) Wuu CET
e | 1oAY 238 °C 50% 16.8 °C 211 °C
=
$g TBULIAAN 27.8 °C 50% 210 °C 241 °C
L | 1ewamuu 252 °C 50% 202 °C 223 °c
& ;
£ | tsuiams 292 °c 50% 228 °C 253 °c
Lo ar i = - - 0 -
WHELUR AdemAguuugiinzuhzdunanuuunilelasmesn . uasuAIguug
‘\‘J
TOULIAANIITALNLULY CET [INUNUUN 3.15
l"lo(

6L0BE THERMOMETER (FOR CORRECTED EFFECTIVE TEMP.)

%A DRY BULB TEMPERATURE ‘C
292

WET BuLSs TEMPERATURE ‘c

uanwdwi e nmn i Semnunlaan (Corrected Effective Temperative)

- el -
UHUDAN 3.16  WNUANUARMINIIMTIALIIRANITALNEULY CET
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- o . ~ o & oo -
AN gumpliedtTef A i INan 3.4 WnFuuiey
4 ad o 4 o
TunsmluluunsiemAguupinnaeull Wenwualdliaouiasun 0.1, 0.5, 1.0

- - o ar EER
LAY 1.5 WAsAuT ANAL udaRaFouiisuvnreunan1nzaunaniRsn

.4 P | .
Asen 37  gruaugilisdumedalin npammamiuAs WA, 2532 - 2541 LHafun

ANIFIAN WU 0.1 WRSAUN

WIND VEL. = 0.1 m/s MAY JUN JuL AUG SEP oCT NOV DEC

0.00 26.4 25.8 25.6 254 25.0

1.00 26.3 25.7 25.5

2.00 26.2 255 21.7
3.00 26.1 254 215
4.00 25.9 213
5.00 25.8 2.2
6.00 25.7 21.0
7.00 25.9 3
8.00 26.0 25.4

26.9 26.4 26.1 25.9 25.6

27.8 27.3 27.0 26.9 26.6 26.1

11.00 25.4 26.4 27.6 28.6 28.4 27.9 27.6 215 27.2 26.7 25.9

12.00 261 27.0 28.1 281 29.0 285 281 28.0 27.8 27.2 26.5 25.6

13.00 26.5 274 28.4 29.4 293 28.8 28.5 283 28.2 27.6 26.9 26.0

14.00 26.9 2n.r 28.7 29.7 29.5 291 28.8 28.6 28.5 27.9 27.2 26.3

15.00 26.7 2715 285 29.6 29.4 29.0 28.6 28.4 28.3 27.8 27.0 26.1

16.00 26.4 27.3 28.3 29.4 29.2 28.8 28.4 28.2 28.1 276 26.8 25.9

17.00 25.8 26.8 27.9 29.0 28.7 28.3 28.0 27.8 27.6 2741 26.3

18.00 26.2 27.4 28.5 28.2 27.8 27.5 27.3 271 26.5 25.7
19.00 25.7 27.0 28.0 2T 27.3 27.0 26.8 26.6 26.0

20.00 26.5 it 27.2 26.7 265 26.2 26.0 25.5

21.00 26.3 213 27.0 26.5 26.3 26.0 25.7

22.00 26.0 271 26.8 26.2 26.0 25.8 25.4

23.00 25.9 26.9 26.6 26.0 25.8 25.6

BASE ON COMFORT EFFECTIVE TEMPERATURE

WINTER = 21.1-24.1 celsius

SUMMER = 223-253 celsius
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o P | s
MeNN 3.8  gruupiliadunedoliy nEamwEMUAT WA, 2532 - 2541 WaNMUA

ANMULTIAN WU 0.5 Wm/ARN

WIND VEL = 05ms | JAN | FEB | MAR | APR | MAY | Jun | JuL | Aug | ser | oct | Nov | pec
000 | 219 260 | 258
100 | 217 259 | 257
200 | 214 [ 228 258 | 255
300 | 212 2y 25.6
4.00 25.4
5.00
6.00
7.00 25.4
8.00 25.6
9.00 254 | 266 | 263 | 256 | 255
10.00 265 | 276| 273| 267 | 265| 262 | 261 | 256
11.00 259 | 272| 282| 280 274 | 270 | 269 | 268 | 263
1200 | 256 | 266 | 278 | 288 | 286 | 280 | 277 | 215 | 274 | 269 | 260
1300 | 261 | 270| 284 | 201 | 289 | 284 | 281 | 279 | 278 | 272 | 264 | 255
1400 | 265 | 274 | 284 | 203 | 202 | 287 | 284 | 282 | 281 | 215 | 267 | 259
1500 | 263 | 272| 282 | 202| 201 | 285| 282 | 280 | 280 | 27.3| 265 | 256
1600 | 260 | 270| 280 | 200 | 289 | 282 | 280 | 278 | 278 | 274 | 262
1700 | 254 | 264 | 215 | 285 | 284 | 277 | 215 | 2r3 | 212| 266 | 257
18.00 2658 | 270| 280| 278| 272 270 268 | 266 | 264
19.00 264 | 275 | 273| 266 | 265| 262 | 260 | 256
20.00 258 | 270| 268 | 260 | 259 | 256 | 254
21.00 255 | 267| 265| 257 | 256
22.00 264 | 282 | 254
23.00 262 | 260 21.4

BASE ON COMFORT EFFECTIVE TEMPERATURE

WINTER

SUMMER

21.1-241

223-25.3

celsius

celsius
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MINN 3.9  gumpiindeedalin npammwamIuAT WA, 2532 - 2541 LHanmun

ANNMLTIAN WL 1.0 WASAUN

WIND VEL. = 1.0 m/s JAN FEB MAR APR MAY JUN JUL AUG SEP ocCT NOV DEC
0.00 201
1.00 21.8 19.9
2.00 3 21.6 19.6
3.00 20.3 21.8 21.4 19.4
4.00 20.0 21.8 211 19.1
5.00 19.8 214 21.0 19.0
6.00 19.6 21.2 20.8 18.8
7.00 19.9 21.5 21.1 19.1
8.00 20.2 21.8
9.00 21.8 25.8 25.7

10.00 26.0 26.9 26.8 26.2 26.0 25.8 255
11.00 26.6 27.5 27.4 26.9 26.6 26.4 26.2 25.7
12.00 26.0 212 281 28.0 276 27.2 27.0 26.9 26.3 25.6

13.00 25.6 26.5 216 285 284 28.0 27.6 274 27.3 26.7 26.0

14.00 26.1 26.9 28.0 289 28.8 28.3 28.0 21.7 276 27.1 26.3 25.4

15.00 25.8 26.6 27.8 28.7 28.6 281 27.8 27.5 274 26.9 26.2

16.00 25.5 26.2 27.6 285 28.4 27.9 21.5 27.3 27.2 26.7 26.0

17.00 25.6 27.0 27.9 27.8 27.4 21.0 26.8 26.6 26.2 254
18.00 26.4 213 21.2 26.8 26.5 26.2 26.0 25.6
19.00 258 26.7 26.6 26.1 25.9 25.6 254

20.00 26.1 26.0 25.4 21.6
21.00 21.9 259 25.8 21.2
22.00 : 25.6 255 20.8
23.00 25.4 205
BASE ON COMFORT EFFECTIVE TEMPERATURE
WINTER = 21.1-24.1 celsius

SUMMER 223-253 celsius
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e 3.10 qruupilinfumedalin nawmannuns WA, 2532 - 2541 e

ANLETIAN WU 1.5 WRsAum

WIND VEL. = 1.5 m/s JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC
0.00 20.1 215 21.0 19.1
1.00 19.9 213 20.8 18.9
2.00 19.7 21.0 20.6 18.7
20.4 18.4
20.1 18.1
20.0 17.9
19.8 17.7
201 18.1
20.4 18.4
21.8 20.1
26.2 25.6
11.00 26.2 21.2 21.0 26.4 26.1 26.0 25.8
12.00 25.6 27.0 279 217 27.2 26.9 26.8 26.5 25.9
13.00 26.1 274 283 28.1 276 273 271 26.9 263 254
14.00 25.7 26.6 21.7 28.6 28.5 28.0 27.6 274 27.3 26.7 25.8
15.00 254 26.3 215 28.4 283 27.8 274 21.2 271 26.5 25.6
16.00 26.0 271.2 28.1 28.0 275 271 27.0 26.9 26.2
17.00 26.6 278 27.4 26.9 26.6 26.5 263 25.6
18.00 26.0 270 26.8 26.2 26.0 259 25.6
19.00 26.4 26.1 25.6 254
20.00 25.7 25.4
21.00 25.4
22.00
23.00
BASE ON COMFORT EFFECTIVE TEMPERATURE
WINTER = 21.1-241 celsius
SUMMER = 223-253 celsius
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EFFECTIVE TEMPERATURE base on WIND VELOCITY 0.1 ma COMFORT EFFECTIVE TEMPERATURE base on WIND VELOCITY 0.1 ms
BANGKOK : 1339 - 1998 BANGKOK : 1388 - 1998
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SOLAR CHART : BANGKOK 13.4 N SOLAR CHART : BANGKOK 134 N

1st Jan - 1st Jun 1st Jul - 1st Dec

base on WIND VELOCITY = 0.1 m/s base on WIND VELOCITY = 0.1 ms

base on COMFORT EFFECTIVE TEMPERATURE base on COMFORT EFFECTIVE TEMPERATURE
WINTER = 21.1-241 celsius WINTER = 21.1-24.1 celsius

SUMMER = 22.3-253 celsius SUMMER = 22.3-253 celsius
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SOLAR CHART : BANGKOK 13.4 N SOLAR CHART : BANGKOK 13.4 N
1st Jan - 1st Jun st Jul - 1st Dec
base on WIND VELOCITY = 0.1 m/s base on WIND VELOCITY = 0.1 m/s
base on COMFORT EFFECTIVE TEMPERATURE base on COMFORT EFFECTIVE TEMPERATURE
WINTER = 21.1-24.1 celsius WINTER = 21.1-24.1 celsius
SUMMER = 223-253 cekius SUMMER = 223-253 celsius

Ad = - g - ﬂi. [
UWHUDNN 3.19  wiuianavatussguunl CET Veglureuimanitzaung
" 4 4 - ‘i -
uwtiithuesatum dewna. - To. (Fe) wazAdilugs weun.a. - 5.0,

- o
(171) WaANITaNTY 0.1 WRIAUN



85

SOLAR CHART : BANGKOK 13.4 N

1st Jan - 1st Jun
base on WIND VELOCITY = 0.5 m/s
base on COMFORT EFFECTIVE TEMPERATURE

WINTER
SUMMER

21.1-24.1 celsius
22.3-253 celsius

SOLAR CHART : BANGKOK 13.4 N

1st Jul - 1st Dec
base on WIND VELOCITY = 0.5 m/s
base on COMFORT EFFECTIVE TEMPERATURE

WINTER
SUMMER

21.1-24.1 celsius
22.3-253 cebius
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SOLAR CHART : BANGKOK 134 N

1st Jan - 1st Jun
base on WIND VELOCITY = 05 m/s
base on COMFORT EFFECTIVE TEMPERATURE

WINTER = 21.1-24.1 ceisius
SUMMER = 223 -253 celsius
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SOLAR CHART : BANGKOK 13.4 N

1st Jul - 1st Dec
base on WIND VELOCITY = 0.5 m/s
base on COMFORT EFFECTIVE TEMPERATURE

WINTER = 21.1-24.1 ceisius
SUMMER = 22.3-25.3 celsius
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SOLAR CHART : BANGKOK 13.4 N

1st Jan - 1st Jun
base on WIND VELOCITY = 1.0 m/s
base on COMFORT EFFECTIVE TEMPERATURE

WINTER = 21.1-24.1 celsius
SUMMER = 22.3-253 celsius

SOLAR CHART : BANGKOK 134 N

1st Jul - 1st Dec
base on WIND VELOCITY = 1.0 m/s
base on COMFORT EFFECTIVE TEMPERATURE

WINTER = 21.1-24.1 ceisius
SUMMER = 223-253 celsius
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SOLAR CHART : BANGKOK 13.4 N

1st Jan - 1st Jun
base on WIND VELOCITY = 1.0 mvs
base on COMFORT EFFECTIVE TEMPERATURE

WINTER = 21.1-24.1 celsius
SUMMER = 22.3-253 ceisius
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SOLAR CHART : BANGKOK 13.4 N

1st Jul - 1st Dec
base on WIND VELOCITY = 1.0 m/s
base on COMFORT EFFECTIVE TEMPERATURE

WINTER = 21.1-24.1 ceisius
SUMMER = 22.3-253 celsius
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SOLAR CHART : BANGKOK 13.4 N

1st Jan - 1st Jun
base on WIND VELOCITY = 1.5 m's
base on COMFORT EFFECTIVE TEMPERATURE

21.1-24.1 celsius
223-253 celsius

WINTER
SUMMER

won

SOLAR CHART : BANGKOK 13.4 N

1st Jul - 1st Dec
base on WIND VELOCITY = 1.5 m/s
base on COMFORT EFFECTIVE TEMPERATURE

21.1-24.1 celsius
223-253 celsius

WINTER
SUMMER
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SOLAR CHART : BANGKOK 13.4 N

1st Jan - 1st Jun
base on WIND VELOCITY = 1.5 m/s
base on COMFORT EFFECTIVE TEMPERATURE

WINTER = 21.1-24.1 celsius
SUMMER = 22.3-253 celsius

SOLAR CHART : BANGKOK 13.4 N

1st Jul - 1st Dec
base on WIND VELOCITY = 1.5 m/s
base on COMFORT EFFECTIVE TEMPERATURE

WINTER = 21.1-24.1 celsius
SUMMER = 22.3-253 celsius
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WHUDAN N (2) UszimnFiiasiy (Preferences)

Preferences for GUI Filtering > FLOTRAN CFD > OK

aa Z
wHunAN n (3) maleudieyaneunnlszunsns (Preprocessor)

mstlaudayanaumsuszuiaua (Preprocessor)

Uszinn n13a¥ MIa¥amNTN | AMURAUANTE | AVUALN
a9lszneay YHAA0a fainslua 209la (Loads)
(Element Type) (Modeling) (Mesh Tool) (FLOTRAN Set Up)

(3:1) n(3.2) n(3.3) n(3.4) n (3.5)

WHUQRA N (3.1) Uszimearilszney (Element Type)

Element Type > Add / Edit/ Delete

Add... FLOTRAN CFD

- 2D FLOTRAN 141 >

- 3D FLOTRAN 142

unugﬁﬁ n (3.2) NMIAFNUINAD (Modeling)

Modeling >

Create > n(3.2.1)

Operate > n(3.2.2)

Move / Modify

- Copy

Reflect

Check Geom

Delete

Update Geom...




WHUDRA N (3.2.1) NMsainfudIaes (Create)

Create >

KeyPoints

On Working Plane >

In Active CS

On

Line

On

Line W/ Ratio

On

Node

KP

between KPs

Fill

between KPs

KP

at center
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aAre x, y viapaniminan

Lines

Lines >

Straight Line >

Arcs

Splines

Line Fillet

Areas

Arbitrary >

By Lines >

Rectangle

Circle

Polygon

Area Fillet

Volumes

Arbitrary

Block
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Prism

Sphere

Cone

Torus
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Operate > - Intersect

- Add

Subtract

> | - Volumes
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Divide

- Area

- 4 -
> | i@annunnsiva >

- Glue

- Lines

< [
\wenimg >

]

Overlap

Partition

Settings

-

d v 1
WHupAN N (3.3) neaFumsaiuinaglua (Mesh Tool)

Mesh Tool >

Smart Size >

1-10

Mesh >

Volumes

Areas

Lines

KeyPoints

Shape >

- Quad

Mesher >

Free

IBIRANAMANTFALAINT Mesh

Mesh Area

Mapped

> wanwunRinan17lva > OK
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unuquﬁ N (3.4) uaAuUaNIRYIMA (FLOTRAN Set Up)

Solution Options... >
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TRAN Steady state or transient ? Steady state
FLOW Solve flow equations ? Yes
TEMP Adiabatic or thermal ? Adiabatic
TURB Laminar or turbulent ? Turbulent
COMP Incompressor compress 7 Incompressible
SWRL Axisymmetric with swirl ? No
SPEC Multiple species transport ? No
Fluid Properties >
Density AIR - S
Allow density variations ? No
Viscosity AIR - SI
Allow viscosity variations ? No
Conductivity AIR - Sl
Allow conductivity variations ? No
Specific heat AIR - SI

uuugﬁﬁ n (3.5) NMMUALT (Loads)

Loads >
- Settings
- Apply > | Fluid / CFD
- Delete - Forces
- Operate - Heat Generat

(]

Velocity >

n {3.5.1)

Pressure DOF >

n(3.5.2)

[}

Turbulence

Species




unuqﬁﬁ n (3.5.1) AMNLEIAN (Velocity)

denidureuAsURR LN NN
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Velocity > - On Lines
- On Areas VX Velocity Component AMULTIAN
- On Nodes VY Velocity Component
VZ Velocity Component
Apply to endpoints Yes
Moving wall ? No
Apply
@enduzeunmaiivie
VX Velocity Component
VY Velocity Component 0
VZ Velocity Component 0
Apply
wenidusaunling
VX Velocity Component 0
VY Velocity Component 0
VZ Velocity Component 0
Apply

-

unuguﬁ n (3.5.2) ANMuRW (Pressure DOF)

=) (7 :Jd o
> | inenidunaLneunRLNsmLLay

Pressure DOF > | - On Lines
- On Areas (FruideantsWanialy)
- On Nodes PRES Pressure value 0
Apply to endpoints ? Yes

OK




uuugﬁﬁ n (4) nsUszunana (Solution)

Solutions > | Run FLOTRAN... | Solution is done!
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Close >

ol °
RHUDHN N (5) nanniAuad (General Postproc)

General Postproc >

WHUNHUARAINAATNANAUD

TTUIN

Cumulative lteration Number,

Normalized Rate of Change
or i &

18951uLI5N" AD

VX, VY, PRES, ENKE U®&Z

ENDS
Read Results >
- First Set
- Next Set
- Last Set AdN 1 A%
- By Load Step...
- By Time/Freq...
- By Set Number...
- FLOTRAN 2.1 A...
Plot Results > Contour Plot >
DOF solution
Velocity VX
VY
VZ
VSUM
Pressure PRES
Turb K.E. ENKE
Energ dissip ENDS.
Temperature TEMP
uanaran R AR
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General Postproc >

Plot Results >

Vector Plot >

- Predefined

- User - defined
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Chapter 1 Overview of FLOTRAN
CFD Analyses

What Is FLOTRAN CFD Analysis?

The ANSYS/FLOTRAN derived product and the FLOTRAN CFD (Computational

Fluid Dynamics) option to the other ANSYS products offer you comprehensive
tools for analyzing two-dimensional and three-dimensional fluid flow fields. Using

either product and the FLOTRAN CFD elements FLUID 141 and FLUID142, you
can achieve solutions for the following:

« Lift and drag on an airfoil
o The flow in supersonic nozzles
» Complex, three-dimensional flow patterns in a pipe bend.

In addition, you can use the features of ANSYS and ANSYS/FLOTRAN to perform
tasks including:

« Calculating the gas pressure and temperature distributions in an engine
exhaust manifold

o Studying the thermal stratification and breakup in piping systems
« Using flow mixing studies to evaluate potential for thermal shock

« Doing natural convection analyses to evaluate the thermal performance of
chips in electronic enclosures.

» Heat exchanger studies involving different fluids separated by solid regions.

Types of FLOTRAN Analyses

You can perform these types of FLOTRAN analyses:

o Laminar or turbulent

Thermal or adiabatic
Compressible or incompressible
Newtonian or Non-Newtonian
Multiple species transport
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These types of analyses are not mutually exclusive. For example, a laminar
analysis can be thermal or adiabatic. A turbulent analysis can be compressible or
incompressible.

To solve any analysis involving the flow of fluid, use either of the following:

Command: FLDATA1,SOLUFLOW,7RVE
GUI: Main Menu>Solution>FLOTRAN Set Up>S olution Options

Laminar Flow Analysis

In these analyses, the velocity field is very ordered and smooth, as it is in highly
viscous, slow-moving flows. The flow of some oils also can be laminar.

Turbulent Flow Analysis

Turbulent flow analyses deal with problems where velocities are high enough and
the viscosity is low enough to cause turbulent fluctuations. The two-equation
turbulence model in ANSYS enables you to account for the effect of the turbulent
velocity fluctuations on the mean flow.

Laminar and turbulent flows are considered to be incompressible if density is
constant or if the fluid expends litle energy in compressing the flow. The

temperaiure equation for incompressible flow neglects kinetic energy changes
and viscous dissipation.

Thermal Analysis

Often, the solution for the temperature distribution throughout the flow field is of
interest. If fluid properties do not vary with temperature, you can converge the
flow field without solving the temperature equation. In a conjugate heat transfer
problem, the temperature equation is solved in a domain with both fluid and
non-fluid (that is, solid material) regions. In a naturaf convection problem, the
flow results mainly or solely from density gradients brought about by temperature
variations. Most natural convection problems, unlike forced convection problems,
have no externally applied flow sources.

Compressible Flow Analysis

For high velocity gas flows, changes in density due to strong pressure gradients
significantly influence the nature of the flow field. ANSYS uses a different solution

algorithm for compressible flow.



Non-Newtonian Fluid Flow Analysis

A linear relationship between the stress and rate-of-strain cannot describe many
fluid flows adequately.. For such non-Newtonian flows, the ANSYS program
provides three viscosity models and a user-programmable subroutine.

Multiple Species Transport Analysis

This type of analysis is useful in studying the dispersion of dilute contaminants or
pollutants in the bulk fluid flow. In addition, you can use multiple species transport
analysis for heat exchanger studies where two or more fluids (separated by walls)
may be involved.
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Chapter2  The Basics of FLOTRAN
Analysis

Characteristics of the FLOTRAN Elements

The ANSYS FLOTRAN elements, FLUID141 and FLUID 142, solve for two- and
three-dimensional flow, pressure, and temperature distributions in a single phase
viscous fluid. For these elements, the ANSYS program calculates velocity
components, pressure, and temperature from the conservation of three
properties: mass, momentum, and energy.

Element FLUID141

The FLUID141 element has these characteristics:
Dimensions:. 2-D
Shape: Quadrilateral, four nodes or triangle, three nodes
Degrees of freedom: Fluid velocity, pressure, temperature,
turbulent kinetic energy, turbulent energy dissipation, multiple
species mass fractions for up to six fluids

Element FLUID142

The FLUID 142 element has these characteristics:
Dimensions. 3-D
Shape: Tetrahedral, four nodes or hexahedral, eight nodes
Degrees of freedom: Fluid velocity, pressure, temperature,
turbulent kinetic energy, turbulent energy dissipation, multiple
species mass fractions for up to six fluids

Other Element Features
Other features of the FLOTRAN elements include:

» Atwo-equation turbulence model for simulating turbulent flows.

» Derived results, such as Mach number, pressure coefficient, total pressure,
shear stress, y plus at walls, and stream function for fluid analyses and heat
flux and heat transfer (film) coefficient for thermal analyses.



+ Fluid boundary conditions, including velocities, pressures, and the
turbulence quantities kinetic energy and kinetic energy dissipation rate. You

do not need to supply specific boundary values for the inlet turbulence
quantities, because FLOTRAN provides default values which are adequate
for most applications.

» Thermal boundary conditions, including temperature, heat flux, volumetric
heat sources, and heat transfer (film) coefficient.

You can solve problems in Cartesian, cylindrical, polar, and axisymmetric
coordinate systems. If a problem is axisymmetric, activating a swirl option allows
you to calculate a velocity component normal to the axisymmetric plane.

Using the FLOTRAN Elements: Considerations
and Restrictions

The FLOTRAN elements have some limitations:
« You cannot change the problem domain during a single analysis.

The elements do not support a free surface boundary condition.

Certain features of the ANSYS program do not work with the FLOTRAN
elements.

You cannot use certain commands or menu paths with the FLOTRAN
elements.

If you use the ANSYS GUI, only the features and options called for in the
FLOTRAN SetUp portion of the menus and dialog boxes will appear.

Limitations on FLOTRAN Element Use

When you are using the FLOTRAN elements, you should avoid using certain

ANSYS features and commands. Atleast, be aware that they have slightly
different uses with the FLOTRAN elements. This does not mean that every

command not listed here will work with FLOTRAN elements. ANSYS informs you

if you fry to issue a command that is invalid.

Note—For the menu path or paths equivalent to these commands, see their
descriptions in the ANSYS Commands Reference.

When using the FLOTRAN elements, keep the following points in mind. (To
determine which GUI menu paths are equivalent to the commands referenced in
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the list items below, look up the topic “Commands and Their Location in the GUI™
in the online ANSYS GUI Help Manual.)

« You cannot combine the FLOTRAN elements with other elements.

« The nodal coordinate system must be identical to the global coordinate
system.

» The /CLEAR command does not destroy an existing FLOTRAN results file
(Jobname.RFL). This is an intentional precaution to prevent ANSYS users

from inadvertently destroying a results file that took much time and effort to
create. You should remove unwanted results files at the system level.

« The CP command enforces periodic boundaries by coupling the degrees of
freedom. The documentation for CP in the ANSYS Commands Reference
implies that you can couple some degrees of freedom and not others, but
this is not true with FLOTRAN. Al of the degrees of freedom are coupled
between periodic boundaries. In addition, with periodic boundaries, you can
couple a boundary face to only one other boundary face.

You cannot couple nodes on the same element, and you may have difficulty
coupling nodes on adjacent elements.

» The ADAPT macro does not work with FLOTHAN.

« You cannot use the ANTYPE command to invoke a transient analysis with
the FLOTRAN element. (See “FLOTRAN Transient Analyses.”)

» FLOTRAN analyses do not support automatic time stepping. For more
information, see “FLOTHAN Transient Analyses.”

« If you specify nodal heat generation loads via commands BFCUM, BFDELE,
or BFUNIF, ANSYS uses load values specified with the BFE command
instead.

» For FLOTRAN, you cannot use LDREAD FORC to transfer magnetic loads
to a FLOTRAN analysis. You must use a macro (available from ANSYS

Technical Support).

» The commands CE, CECMOD, CEDELE, and CEINTF do not work with
FLOTRAN.

« The CNYTOL command does not set convergence tolerances with
FLOTRAN as it does for other analyses. For information about FLOTRAN
convergence, see “Deciding How Many Global Iterations to Use.”
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The symmetry and antisymmetry conditions that the DSYM command
specifies are not appropriate for FLOTRAN. Chapter 4, “FLOTRAN Laminar

and Turbulent Compressible Flow” explains how to specify flow symmetry
boundary conditions for FLOTHAN,

FLOTRAN does not support angular acceleration vectors for rotating
coordinate systems.

In a FLOTRAN analysis, the command FLDATA4,7/ME (rather than the
DELTIM command) specifies a ime step for a load step.

For FLOTRAN, you cannot use the DESOL command or the PRESOL
command to modify HEAT, FLOWY, or FLUX nodal results.

FLOTRAN does not permit extrapolation of integration point results to nodes
{via the ERESX command).

FLOTRAN does not allow you to generate elements through reflections.

In FLOTRAN analyses, you cannot ramp loads via the KBC command. To
change loads, you must use multiple load steps.

Load case operations, such as those performed by the LCCALC, LCDEF,
LCFA, and LCFI commands, are not allowed in a FLOTRAN analysis.

The convergence tool invoked with the NCNV command does not apply to
the FLOTRAN segregated solver.

Do not use the NEQIT command, which defines the number of equilibrium
iterations for a nonlinear solution, in a FLOTRAN analysis.

FLOTRAN requires the nodal and global Cartesian coordinate systems to be

the same. Therefore, you cannot use the rotational fields on the N,
NMODIF, and NROTAT commands.

In a FLOTRAN analysis, the commands FLDATA2 /7ER and
FLDATAA4 7/ME control the number of global iterations within a time step.

FLOTRAN does not permit user programmable elements, such as those
specified via the NSYR command.

In a FLOTRAN analysis, the commands FLDATA2 /TER and
FLDATAA4,7/ME control items written to the database.

The PRNLD command does not apply to FLOTHAN, because it does not
store boundary conditions as printable element nodal loads.



+ Node reaction solutions, such as those produced by the PRRSOL command,
are not available for FLOTRAN.

« The partial and predefined solution option {called by the PSOLYE command)
does not apply to the FLOTRAN segregated solver.

o The TIME command, which associates boundary conditions with a particular
time value, does not apply to FLOTRAN,

» FLOTARAN analyses use the FLDATA1,SOLY command instead of the
TIMINT command to specify transient load steps.

o FLOTRAN analyses use the FLDATA4, 7IME command instead of the
TRNOPT command to specify transient analysis options.

Overview of a FLOTRAN Analysis

A typical FLOTRAN analysis consists of seven main steps:

Determine the problem domain.
Determine the flow regime.

Create the finite element mesh.
Apply boundary conditions.

Set FLOTRAN analysis parameters.
Solve the problem.

Examine the results.

Step 1: Determining the Problem Domain

You need to determine the proper domain for each problem you analyze. Locate
the boundaries of the problem where conditions are known. If you do not know

precise conditions and must make assumptions about them, do not locate

boundaries too close to the regions of greatest interest or near regions that have
steep gradients in the solution variables.

Sometimes, you may not realize that steep gradients occur too near the outlet or

in some other region until you see the analysis results. Should this happen, you
can re-analyze the problem with a different problem domain.

For specific recommendations on determining problem domain, see the sections
discussing the various flow phenomena.
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Step 2: Determining the Flow Regime

You need to estimate the character of the flow. The character is a function of the
fluid properties, geometry, and the approximate magnitude of the velocity field.

Fluid flow problems that FLOTRAN solves will include gases and liquids, the
properties of which can vary significantly with temperature. The flow of gases is
restricted to ideal gases. You must determine whether the effect of temperature
on fluid density, viscosity, and thermal conductivity is important. In many cases,
you can get adequate results with constant properties.

To assess whether you need the FLOTRAN turbulence model, use an estimate of
the Reynolds number, which measures the relative strengths of the inertial and
viscous forces. (See Chapter 4, “FLOTRAN Laminar and Turbulent Compressible
Flow,” for more information.)

To determine whether you need to use the compressible option, estimate the

Mach number. (See Chapter 7, “FLOTRAN Compressible Analyses.”) The Mach
number at any point in the flow field is the ratio of the fluid speed and the speed of
sound. At Mach numbers above approximately 0.3, consider using the
compressible solution algorithm. At Mach numbers above approximately 0.7, you
can expect significant differences between incompressible and compressible
results. You may want to compare results from each algorithm for a
representative problem.

Step 3: Creating the Finite Element Mesh

You will need to make assumptions about where the gradients are expected to be
the highest, and you must adjust the mesh accordingly. For example, if you are
using the turbulence model, then the region near the walls must have a much
denser mesh than would be needed for a laminar problem. If it is too coarse, the
original mesh may not capture significant effects brought about through steep
gradients in the solution. Conversely, elements may have very large aspect ratios
with the long sides along directions with very low gradients.

For the most accurate results, use mapped meshing. It more effectively maintains
a consistent mesh pattern along a boundary. You can do this by issuing the
command MSHKEY, 1 or via GUI path Main Menu> Preprocessor>
-Meshing-Mesh > -entity-Mapped

Step 4: Applying Boundary Conditions

You can apply boundary conditions before or after you mesh the domain.
Consider every model boundary. If a condition is not specified for a dependent

variable, a zero gradient of that value normal to the surface is assumed.
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You can change boundary conditions between restarts. If you need to change a
boundary condition or accidentally omit it, you do not need to restart your analysis
unless the change causes instabilities in the analysis solution.

Step 5: Setting FLOTRAN Analysis Parameters

In order to use options such as the turbulence model or solution of the
temperature equation, you must activaie them. Specific items to be set, such as
fluid properties, are a function of the type of flow problem at hand. Other sections
in this document recommend parameter settings for various types of flow.

Step 6: Solving the Problem

You can monitor solution convergence and stability of the analysis by observing
the rate of change of the solution and the behavior of relevant dependent
variables. These variables include velocity, pressure, temperature, and (if
necessary) turbulence quantities such as kinetic energy (degree of freedom

ENKE), kinetic energy dissipation rate (ENDS), and effective viscosity (EVIS).
An analysis typically requires multiple restarts.

Step 7: Examining the Resuits

You can postprocess output quantities and examine the results in the output files.
Use your engineering judgment when examining the results to evaluate the

plausibility and consistency of the overall analysis approach, how specific
properties are used, and the conditions imposed.

Files the FLOTRAN Elements Create

You perform most fluid flow analyses in ANSYS by stopping the analysis job and
then restarting it multiple times. Often, analysts change parameters such as
relaxation factors or turn options (such as solution of the temperature equation) on
or off between restarts. Each time you continue a job, the ANSYS program
appends data to all of the files that its FLOTRAN element creates.

The following list explains all files that a FLOTRAN element creates. A discussion
of the residual file appears at the end of this section.

» The results file, Jobname.AFL, contains nodal results.

« The print file, Jobname.PFL, contains input convergence monitors, and
inlet/outiet summaries.

» The wall file, Jobname.RSW, contains wall shear stress and Y-plus
information.
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« The residual file, Jobname.RDF, contains the nodal residuals.

« The debug file, Jobname.DBG, contains information about algebraic solver
performance.

« The results backup file, Jobname.RFQ, contains a copy of the results file
data.

« The restart file, Jobname.CFD, contains FLOTRAN data structures.

The Results File

The results of a FLOTRAN analysis are note stored in the ANSYS database
automatically. At the end of every solution, the ANSYS program adds a set of
results to the results file, Jobname.RFL. You have some control over the content
of the results file and how often ANSYS updates it. The defaults given in the
description of the FLDATAS OUTP command in the ANSYS Commands
Reference reflect FLOTRAN’s determination of what the results file should store
based on the options you choose.

The ANSYS program is flexible about how many sets of results you can store for a
steady-state FLOTRAN analysis. Keeping sets of results from earlier analyses
has advantages: you can compare changes that occurred between sets of
results, and you can continue an analysis from its earlier stages using different
options or relaxation parameters.

The ANSYS program stores a set of results when you begin an analysis (before
the first iteration), then stores results again when one of the termination criteria is
reached. Between those events, you can append the results to the Jobname.RFL
file. Storing intermediate sets of results enables you to continue the analysis from

an earlier stage with different options and features activated, for example to
enhance stability.

Using ANSYS’ overwrite frequency option is wise, because it allows you o
periodically store and update a temporary set of results. This insures that a useful
set of results will exist should you need to restart an analysis after a power failure
or other system interruption. The next regularly scheduled output of results
overwrites the temporary results set. You can accomplish the same thing by
instructing ANSYS to append data to the results file more often; however, this
method inflates the size of the results file.

To set the overwrite frequency, use either of the following:
Command: FLDATA2ITER, OVER value
GUI: Main Menu>Solution>FLOTR AN Set Up>E xecution Ctrl
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To set the append frequency, use either of the following:
Command: FLDATA2/TE R, APPE value
GUI: Main Menu>Solution>FLOTR AN Set Up>Execution Ctrl

The Print File (Jobname.PFL)

The Jobname.PFL file contains a complete record of all FLOTRAN input
parameters, including properties and solution options. This information is

recorded each time a SOLVE is issued so as to provide a complete account of the
analysis history. In addition, all convergence monitors are recorded for all active
values. A results summary, showing maximum and minimum values of each

property and degree of freedom, is provided at a user-determined frequency.
Average values are also recorded. The mass flow boundaries are identified and a

mass balance is calculated. Finally, all heat transfer information is summarized
for all heat transfer and heat sources.

The Nodal Residuals File

The nodal residuals file, Jobname.RDF, shows you how well the current solution is

converged. At every stage in the solution procedure, the flow, property, and
temperature fields are used to calculate coefficient matrices and forcing functions

for each DOF. If a solution is converged completely, these matrices and forcing

functions will produce the same velocity field used to generate them and the
residuals of the matrix equation will be very small. You must request at least one

global iteration to obtain a nodal residual file.

If a solution oscillates, however, the magnitude of the residuals shows where the
maximum errors are. (The main diagonal entries of the matrix normalize the

residuals.) This normalization enables you to compare directly the value of the
DOF and the value of its residual.

To calculate residuals for every active degree of freedom and output them to the
residuals file, do either of the following:

Command: FLDATA3QUTRRESITRUE

GUI: Main Menu>Solution>FLOTR AN SetUp>Additional Out>R esidual File

To read the residuals file, either issue the FLREAD command or choose menu
path Main Menu > General Postproe > FLOTRAN 2.1A. The residuals are

postprocessed with the label associated with the DOF (for instance, TEMP or
PRES for the temperature or pressure residuals).



The Restart File

By default, FLOTRAN calculates data structures at the beginning of a restart of an
analysis. These calculations may take considerable time for large models. To
avoid recalculation, you can opt to have FLOTRAN store the data structures in the
Jobname.CFD file. FLOTRAN creates this file from information in the ANSYS
database (but the file is not required for restarts).

To write to or read from the Jobname.CFD file, use either of the following methods
before the restart:

Command: FLDATA32,REST.RFILT
GUI: Main Menu>Preprocessor>FLOTRAN Set Up>R estart Options>CFD Restart
File
You can toggle the RFIL state on or off. Ifis is on, ANSYS reads the restart file
when FLOTRAN begins to execute. If no restart file exists, one will be created.

If you are restarting an analysis with updated boundary conditions, you must
overwrite an existing .CFD file in order to use the new conditions. To overwrite the
file, use either of the following methods:

Command: FLDATA32,REST,WFILT

GUI: Main Menu>Preprocessor>FLOTRAN Set Up>R estart Options>CFD Restart
File

This will cause FLOTRAN to create a new restart file during the next load step,
and automatically sets the RFIL state to False. After the restart that has created

the new file completes, issue the FLDATA32 REST, RFiL, TRUE command so that
subsequent restarts use the new Jobname.CFD restart file.

Restarting a FLOTRAN Analysis

You can restart the FLOTRAN analysis from any set of results in the
Jobname.RFL file. You can base the restart on the set number (Jabel NSET), the
global iteration number (label ITER), the load step/subset numbers (abel LSTP),
or the transient analysis time (label TIME). You determine the restart criteria by
doing either of the following:

» Issue the command FLDATA32 REST fabel value. Specify one of the labels
listed above in place of fabel. The vatue argument causes values associated
with the other criteria to be zeroed. Once invoked, the behavior is turned off
in the database by setting all the criteria to zero.

» Choose menu path Main Menu> Preprocessor > FLOTRAN Set Up > Restart

Options > Restartiteratio (or RestartLoad step, Restart/Set, eic.)
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If you specify invalid criteria, ANSYS nofifies you and (if the program is operating
in batch mode) terminates the analysis.

When you restart an analysis, ANSYS copies the original results file to the file

Jobname.RSO and places the restart point, all previous results sets, and all
subsequent results sets in the new Jobname.RFL file. If the vakse input on the

FLDATA32 REST command is negative, creation of the Jobname.RSO file is
blocked. FLOTRAN uses the absolute value of the number specified for vaiue.

Convergence and Stability Tools

The ANSYS program offers several tools to help with convergence and solution
stability. The ANSYS Theory Reference explains how they are implemented.

Relaxation Factors

The relaxation factor is the fraction of the change between the old solution and the

newly calculated solution that is added to the old solution, giving the results for the

new global iteration. The relaxation factors for every component must be between
0.0 (resulting in no update to the degree of freedom or property) and 1.0 inclusive.
You set relaxation factors via either of the following:

Command: FLDATA25 RELX jabelvalue

GUI:  Main Menu>Preprocessor>FLOTRAN Set Up>Hi elax/Stab/Cap>DOF
R elaxation
Main Menu>Preprocessor>FLOTR AN Set Up>R elax/StabvCap>Prop
R elaxation
Main Menu>Solution >FLOTR AN Set Up>R elax/Stab/Cap>D OF R elaxation
Main Menu>Solution >FLOTR AN Set UpeR elax/Stab/Cap>Prop Relaxation

Note—See the description of the FLDATA25 RELX command in the ANSYS
Commands Reference for lists of degree of freedom and property component
names.

Inertial Relaxation

Inertial relaxation of the equation set for a DOF provides diagonal dominance to
make a solution stable. Hypothetically, when a solution is converged in the
absence of roundoff error, the inertial relaxation applied does not affect the value
of the answer. However, in real situations, some roundoff error always occurs, so
the inertial relaxation may affect your solution.

You can apply inertial relaxation to the momentum equations (MOME), turbulence

equations (TURB), the pressure equation (PRES), and the temperature equation
(TEMP). To do so, use either of these methods:

229



Command: FLDATA26,57AB,labelvalue

GUI:  Main Menu>Preprocessor>FLOTRAN Set Up>R elax/Stab/C ap>Stability
Parms
Main Menu>Solution >FLOTR AN Set Up>R elax/Stab/Cap>Stability Parm s

The inertial relaxation factor is in the denominator of the term added, so smaller
values have a greater effect. Typical useful values range between 1.0 {mild) and

1.0x10-7 (severe).

Artificial Viscosity

Artificial viscosity smooths the velocity solution in regions of steep gradients. It
has proven useful in aiding convergence of compressible problems and in

smoothing velocity solutions in incompressible problems with distributed
resistances. For incompressible analyses, you should keep the artificial viscosity

within an order of magnitude of the effective viscosity.

To apply artificial viscosity, use either of these methods:

Command: FLDATA26,57AB,VISC yalue

GUI:  Main Menu>Preprocessor>FLOTRAN Set Upoh elax/StabiC ap>Stability
Parms
Main Menu>Solution >FLOTR AN Set Up>R elax/StabvCap>Stability Parms

Velocity Capping

Velocity capping allows you to prevent variables from going out of boundaries you
specify. You can limit the velocities, pressure, and temperature degrees of
freedom (VY, VY, VZ, PRES, TEMP). To do this, use either of these methods:

Command: FLDATA31,CAPP

GUI:  Main Menu>Preprocessor>FLOTRAN Set Up>Relax/Stab/Cap>Results

Capping

Main Menu>Solution>FLOTR AN Set Up>R elax/Stab/Cap>f esults Capping
Velocity capping eliminates the effects of velocity spikes on properties, which may
occur in the early stages of convergence. Capping is especially suited to
compressible analyses, where velocity spikes can cause kinetic energy terms
great enough to produce negative static temperatures. When a degree of
freedom is capped, ANSYS prints a message along with the convergence monitor
printout

The pressure value calculated by the solution of the pressure equation is capped,
not the relaxed value. Therefore, if you introduce pressure capping upon
restarting an analysis, pressure values may stll be outside the caps.

Caution: When velocities are capped, conservation of mass may not be
enforced.
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The Quadrature Order

The default quadrature order for evaluating the finite element integrals is 1 point
You have control over the quadrature order. In axisymmetric problems, the
quadrature order automatically is set to 2 upon solution. This is because

quadrature orders of 2 produce more accurate results for problems with irregularly
shaped elements.

You can change the quadrature order for momentum diffusion or source, pressure
diffusion or source, thermal diffusion or source, or turbulent diffusion or source,

using either of the following:
Command: FLDATA30,QUAD,/abelvalue

(Label is the element integral to change quadrature for, and vaiue is the number of
integration points).

GUI:  Main Menu>Preprocessor>FLOTRAN Set Up>Mod R es/Quad Ord>CFD
Quad Orders
Main Menu>Solution >FLOTRAN Set Up>Mod R es/Quad Ord>CFD Quad
Orders

What to Watch For During a FLOTRAN Analysis

This section describes, in general, what happens in a FLOTRAN analysis and how
to judge how the analysis is proceeding.

Deciding How Many Global Iterations to Use

A FLOTRAN analysis is nonlinear and uses a sequential solution, so the first thing
you must do is decide how many global iterations should be executed. A global
iteration is the solution, in sequence, of all relevant governing equations followed
by any fluid property updates that are needed.

In a transient simulation, a time step loop exists around the global iteration loop.

During a global iteration, the ANSYS/Multiphysics program or ANSYS/FLOTRAN
obtains approximate solutions to the momentum equation and uses them as
forcing functions to solve a pressure equation based on conservation of mass.
ANSYS uses the resulting pressures to update the velocities so that the velocity
field conserves mass. |f you request it, the ANSYS program solves the
temperature equation and updates temperature dependent properties.

Finally, if you have activated the turbulence model, the equations are solved and

the program uses the turbulent kinetic energy and dissipation rate to calculate the
effective viscosity and thermal conductivity. Effective viscosity and thermal
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conductivity replace, respectively, the laminar viscosity and thermal conductivity to
model the effect of turbulence on the mean flow.

To specify how many global iterations a FLOTRAN analysis should execute, use
either of the following:

Command: FLDATA2/TEREXEC,yafue (The value is the number of iterations.)

GUI:  Main Menu>Preprocessor>FLOTRAN Set Up>Execution Ctrl
Main Menu>Soltion>FLOTR AN Set Up>E xecution Ctrl

Convergence Monitors

As a FLOTRAN simulation proceeds, ANSYS calculates convergence monitors
for each degree of freedom every global iteration. Convergence monitors are
computed for velocities (VY, VY, VZ), pressure (PRES), temperature (TEMF),
turbulent kinetic energy (ENKE), kinetic energy dissipation rate (ENDS), and any
active species transport equations (SP01-SP06).

The convergence monitors are a normalized measure of the solution’s rate of
change from iteration to iteration. Denoting by the general field variable, &, any
DOF, the convergence monitor is defined as follows:

N
o <ot

N
2 |#
=1

ConvMon =

The convergence monitor represents the sum of changes of the variable
calculated from the results between the current k&th iteration and the previous
(k-1)th iteration, divided by the sum of the current values. The summation is
performed over all n nodes, using the absolute values of the differences.

Available in both batch and interactive sessions, the Graphical Solution Tracking
(GST) feature displays the computed convergence monitors while the solution is
in process. Be default, GST is ON for interactive sessions and OFF for batch
runs. To turn GST on or off, use either of the following:

Command: /GST

GUI: Main Menu>Soltion>Output Cirls>Grph Solu Track

Figure 2-1 below shows two typical GST displays:
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(a) Steady-state simulation
{(b) Transient simulation
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In Figure 2-1(b), a plot of a transient FLOTRAN solution, each “spike” on the plot
indicates the beginning of a new time step.

After perhaps some initial fluctuations, convergence monitors will decrease as the

analysis approaches convergence. How small the numbers become depends on
several factors, such as:

» Complexity of the geometry
« Adequacy of the finite element mesh in regions with steep gradients
« The severity of the turbulence levels, indicated by the flow Reynolds number
 How well developed the flow is near outlet boundaries.
Points to remember when using graphical solution tracking include:

« The GST feature is available for FLOTRAN analyses and also for structural,
thermal, and electromagnetic analyses containing nonlinearities. For
information about using GST to track convergence in non-FLOTRAN
analyses, see the ANSYS Thermal Analysis Guide, the ANSYS
Electromagnetic Field Analysis Guide, and the ANSYS Structural Analysis
Guide.

« GST can display up to 10 curves at the same time. (Your model can include
more than 10 DOFs, but only the first 10 will be displayed.)

« When the GST begins its plotiing, ANSYS displays a dialog box with a STOP
button. You can stop the solution at any time by clicking on this button. To
restart it, issue SOLVE or choose Main Menu > Solution > Run FLOTRAN.

Stopping a FLOTRAN Analysis

You can choose a target value for terminating a FLOTRAN analysis, based on the

convergence monitors for pressure and temperature falling below certain values.
Specify these values as follows:

Commands: FLDATA3,TERMPRES, value
FLDATA3,7ERMTEMEvalue

GUI:  Main Menu>Preprocessor>FLOTRAN Set Up>Execution Ctrl
Main Menu>Solution>FLOTR AN Set Up>E xecution Cirl

The default value for both pressure and temperature is 1.0x10-8. If the

temperature equation solution is not activated, FLOTRAN checks only the value
for PRES. If it is FLOW and THERMAL, both criteria must be satisfied.

An analysis can terminate on either the rates specified for pressure and
temperature or on the number of global iterations requested. FLOTRAN



terminates on the first condition satisfied. For information on terminating transient
analyses, see Chapter 8, “FLOTRAN Transient Analyses.”

To stop a FLOTRAN batch or background job in progress, place a file named

Jobname.ABT in the subdirectory from which the ANSYS job has been executed.
The first line of this file should contain the word “terminate,” and should be

left-justified. FLOTRAN looks for the Jobname ABT file during every global
iteration. |f it finds the file and reads the word “terminate,” it will finish that global
iteration and terminate normally, writing the results to the Jobname.RFL file and
extending the Jobname.PFL file.

Evaluating a FLOTRAN Analysis

The two basic questions an analyst must answer are:
1. When is the analysis completed?
2. Has it been done correctly?

These questions are interrelated, since convergence may not be achieved it you
have not set up and executed the analysis correctly.

If you have set the input parameters and boundary conditions correctly, the
analysis is complete when the convergence monitors for all variables stop
decreasing and the average, maximum, and minimum values of the solution
variables no longer increase or decrease. There is no guarantee, however, that
you will achieve a single exact answer because nature does not guarantee that a
single exact answer exists. Oscillatory problems (for example, vortex shedding
behind a cylinder) may not yield stationary results from a steady-state or a
transient solution algorithm. You may wish to continue executing the analysis to
verify whether a solution has a stable or a fluctuating nature.

The ANSYS program stores the average, minimum, and maximum values of the
solution variables in the file Jobname.PFL. This file also records the FLOTRAN
input plus the convergence monitors which have been calculated. The results
summary includes all the DOF, as well as laminar and effective properties. You
determine how often ANSYS issues the results summary by using one of these
methods:

Command: FLDATAS QUTESUMFvalue

GUI:  Main Menu>Preprocessor>FLOTR AN Set Up>Additional OuRFL Out
Derived
Main Menu>Solution>FLOTRAN Set Up>Additional Ou>RFL Out Derived

The value argument is the number of global iterations that pass before ANSYS
issues the next results summary.
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Verifying Results

You, the analyst, are responsible for verifying results. If your FLOTRAN analysis
produces unexpected results, take the actions listed below. You can accomplish
many of these actions at the beginning of the analysis. ANSYS creates a
Jobname.PFL file and checks inputs even if the number of iterations executed is
zero.

1. Check the mass balance printed as part of the results summary. Internal
checks will determine if any mass flow can potentially cross a model
boundary. Boundary conditions admitting mass flow are:

» Specified velocity boundaries

« Specified pressure boundaries

« Unspecified boundaries. (These can result if you inadvertently omit a
boundary condition.)

The ANSYS program tabulates the number of inlets/outlets, which should
correspond to expectations.

2. Check boundary conditions within ANSYS to ensure that they are accurate.

3. Check that you specified the properties correctly and that they can vary with
temperature and pressure if necessary. The results summary in the
Jobname.PFL file is a convenient place to check this.

4, Check that the length units used to build the model are consistent with those
used in specifying properties.

5. In some cases, you need to verify that equations associated with the options

chosen are solved correctly {for instance, the pressure equation in
compressible flow).

6. If the unexpected result of your analysis is divergence, the finite element
mesh may not have sufficient resolution, or significant gradients may exist
near outlets. To resolve this, you may need to use convergence aids such
as relaxation. Later sections in this document discuss various relaxation
techniques.

7. If you get a diverged solution for a particular variable, you can reinitialize that
variable to a single value and continue. To do so, use one of these methods:

Command: FLDATA29, MO0V

GUI:  Main Menu>Preprocessor>FLOTR AN Set Up>Mod R es/Quad Ord>Modify
Results
Main Menu>Soltion>FLOTR AN Set Up>Mod R es/Quad Ord>Modify
Resuhs



Chapter3 An Example of
FLOTRAN Analysis

Example of a Laminar and Turbulent FLOTRAN
Analysis

The preceding chapter described the basic steps and concepts involved in
FLOTRAN analyses. This chapter describes a sample laminar and turbulent fluid
flow problem. Chapter 5, “FLOTRAN Thermal Analyses,” offers additional

examples based on a buoyancy-driven flow problem.
Before you begin reading about the laminarfurbulent example, note the following:

« The example problem described is only one of many possible FLOTRAN
analyses. It does notillustrate every technique you might use in a
FLOTRAN analysis, and is intended only to show the kinds of tasks a
FLOTRAN analysis typically requires.

» The values you enter in this example via commands or dialog boxes are
specific values for this example only. The characteristics of the individual

problem you are solving dictate what values you should specify for a
particular FLOTRAN analysis.

« The section describing how to perform the example analysis using the
ANSYS menus does not show you every display or dialog box you encounter
as you step through the analysis. To see all the screens associated with this

analysis, review the version of this example provided in the ANSYS
Expanded Workbook,

The Example Described

This example models fluid flow in a two-dimensional duct. Initially, it defines an
arbitrary fluid to simulate laminar flow with a Reynolds number of 400. After the
solution is achieved and examined, the properties are varied and a new solution is
obtained from a restart of the previous solution. Finally, the problem domain is
enlarged for a new problem and the solution for turbulent flow of air in the duct is
achieved. The problem uses Standard International units.
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Approach and Assumptions

Two-dimensional analyses will be performed using the FLOTRAN element

FLUID141. When using the ANSYSIED program, you must define the FLOTRAN
element type before meshing to allow the required number of elements o be
created,

The example produces three unigue solutions:
« Laminar flow of a fictitious fluid with a Reynolds number of 400

« Laminar flow of a fictitious fluid with a lower viscosity (and therefore higher
Reynolds number)

« Turbulent flow of air with a Reynolds number of ™~ 260,000

Al solutions apply a uniform velacity profile at the inlet. This includes specification
of a zero velocity condition at the inlet in the direction normal to the inlet flow.
No-slip (zero velocity) conditions are applied all along the walls (including where

the walls intersect the inlets and outlets). The fluid is considered incompressible
and the properties will be assumed constant. In such cases, only the relative

value of pressure is important, and a zero relative pressure is applied at the outlet.

For the initial analysis with the fictitious fluid, the flow is in the laminar regime.
This may be verified by computing the Reynolds number of the flow and noting
that it is in the laminar range for internal duct flows:

PV Dy
Re——-‘l——

(In two-dimensional geometry, the hydraulic diameter is twice the inlet height )
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For the second analysis, you reduce the viscosity by a factor of ten {which will
increase the Reynolds number accordingly) and the solution is restarted from the

previous solution.

For internal flows, the transition to turbulence occurs within the Reynolds number
range of 2000-3000. Therefore, for the third solution of air in the duct (Reynolds
number *~ 280,000), the flow will be turbulent. For the turbulent analysis, an
extension will be added to the length of the duct to allow the flow to develop fully.

You should change the ANSYS jobname before solving so that the FLOTRAN
results file from the previous solution will not be used for a restart.

Dimensions and Properties
The example uses the following values:

Dimensions & Properties Value
Inlet length 4m
Inlet height Tm
Transition length 2 m
Qutlet height 2.5 m
Initial outlet length B m
Added outlet length 2m
Fictitious fluid density 1 kgim3
Fictitious fluid viscosity* .01£.001 kgfm-s
Air density 1.205 kgims
Air viscosity 1.8135%10-5 kgim-s
Inlet velocity 2.0 mis
Qutlet pressure 0 ntfm2

*Use 0.01 for the initial analysis. It will be lowered for the follow-on case

Step 1: Enter ANSYS

To enter the ANSYS environment, use the procedures described in the ANSYS

Operations Guide.
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Step 2: Set Analysis Preferences

To turn FLOTRAN filtering on, perform these steps:
1. Choose Main Menu> Preferences. The Preferences dialog box appears.
2. Click FLOTRAN CFD Filtering on.
3. Click on OK.

Step 3: Define the Element Type

1. Choose Main Menu> Preprocessor> Element Type > Add/Edit/Delete. The
Element Type dialog box appears.

2. Click on Add. The Library of Element Types dialog box appears.
3. Inthe scrollable lists, click on “FLOTRAN CFD” and “2D FLOTRAN 141.”
4. Click on OK. You return to the Element Type dialog box.

5. Click on Close.

Step 4: Create Areas

In this step, you define three areas: two rectangles representing the inlet and the
outlet, and a transition region, where the flow expands.

1. To create the inlet region, choose Main Menu > Preprocessor >
-Modeling-Create > -Areas-Rectangle > By Dimensions. The Create
Rectangle by Dimensions dialog box appears.

2. Enter the following coordinate values in the appropriate fields:

e 0 for X1
o 4 for X2

¢ (for Y1
o 1fory2

3. Click on Apply.
4, To create the outlet rectangle, enter these coordinates:

o bfor X1
o 12 for X2
o 0 for Y1
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o 2.5for Y2
Click on OK.
Click on SAVE_DB in the Toolbar.

Choose Main Menu> Preprocessor> -Modeling-Create > Lines>Tan to 2
Lines. A picking menu appears.

Pick the first line (the upper line of the left rectangle), then click on OK in the
picking menu.

Pick the tangency end of the first line (the upper right corner), then click on
OK.

Pick the second line (the upper line of the larger rectangle), then click on OK.

Pick the tangency end of the second line and click on OK. The line is
created.

Click on Cancel in the picking menu. The result is a smooth line between
the two rectangular areas.

Choose Main
Menu > Preprocessor>-Modeling-Create > -Areas-Arbitrary > Through

KPs. A picking menu appears.

Pick the two ends of the line between areas, the lower right corner of the
small rectangle, and the lower left corer of the larger rectangle.

Click on OK, then click on SAYE_DB in the Toolbar.

Step 5: Define the Element Shape

1

AT

Choose Main Menu> Preprocessor > -Meshing- > Mesher Opts. The
Mesher Options dialog box appears.

Change the “Midside node placement” field to “No midside nodes” and click
on OK. The Set Element Shape dialog box appears.

Click on QuadOnly.
Click on OK.
Choose Utility Menu > Plot> Lines.

Choose Main Menu> Preprocessor > -Meshing- > Size Cntris > -Lines->
Picked Lines. A picking menu appears.
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7. Pick the lines in the flow direction along the inlet, the top and bottom lines of
the far left side of the model

8. Click on Apply. The Element Sizes on Picked Lines dialog box appears.
9, Setthe “No. of element divisions” field to 12,

10. Setthe “Spacing ratio” field to -2. (This produces smaller elements near
both ends of the line).

11. Click on Apply.

12. In the transition region (the center area), pick the top and bottom lines, then
click on Apply. The Element Sizes on Picked Lines dialog box reappears.

13. Set “No. of element divisions” to 9.
14. Set the spacing ratio to 1.
15, Click on Apply.

16. In the outlet region (the larger rectangle), pick the upper line only, then click
on Apply.

17. In the Element Sizes dialog box, change the number of element divisions to
13 and change the spacing ratio o 0. 4.

18. Click on Apply.

19, Pick the lower line in the outlet region, then click on Apply.

20. Inthe Element Sizes dialog box, change the spacing ratio to 2. 5.
21. Click on Apply.

22. Pick the four transverse direction (vertical) lines, then click on OK.

23. In the Element Sizes dialog box, change the number of element divisions to
10 and the spacing ratio to -2.

24, Click on OK.
25, Click on SAYE_DB in the Toolbar.

Step 6: Mesh the Model

1. Choose Main Menu > Preprocessor > -Meshing- > Mesh>Areas>Free. A
picking menu appears.



2. Click on Pick All. The meshed model appears.

Step 7: Create and Use New Toolbar Buttons

When you do analyses like this example, it is convenient to define Toolbar buttons
that automatically perform tasks such as selecting all nodes associated with a line,

or that turn off the plot of the triad that indicates the origin. In this step, you create
buttons {called NSL and TRI respectively) that automate the aforementioned

functions.

1. Choose Utility Menu > MenuCtrls > Edit Toolbar. The Edit Toolbar dialog
box appears. In the field labeled “Selection,” you will see the text * ABBR.

2. To create the node selection bution, enter ns1,ns11,, 1 after *ABBR.
Click on Accept
To create the triad control button, enter tri, /triad,off after *ABBR.

Click on Accept, then click on Close.

Click on the new TR button and choose Utility Menu > Plot> Replot. This
removes the friad from subsequent displays, providing more room for results
plotting.

Step 8: Apply Boundary Conditions

You apply a velocity of 2 in the X direction (¥X) at the inlet, and apply a zero
velocity in the transverse direction at the inlet (VY in the Y direction). Zero
velocities in both directions are applied all along the walls, and a zero pressure is

applied at the outlet.
Plot nodes and then select the nodes at the inlet.

1. Choose Utility Menu > Plot> Nodes. The ANSYS Graphics Window displays
a nodal plot

2. Choose Utility Menu> Select> Entities. A picking menu appears.

3. Choose “Nodes” and “By Num/Pick,” then click on OK. A Select Nodes
picking menu appears.

4, Choose “Box” as the picking method.

5. Pressing the left mouse button, draw a box around the inlet nodes (the
column of nodes at the far leff).
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Click on OK.

Choose Main Menu> Preprocessor > -Loads-> -Loads->Apply >
Fluid/CFD > Velocity > On Nodes. A picking menu appears.

Click on Pick All. The Yelocity Constraints on Nodes dialog box appears.

In the VX velocity component field, enter 2. In the VY velocity component
field, enter 0.

Click on OK. The Graphics Windows shows the velocity applied to the inlet
hodes.

Choose Utility Menu > Plot> Lines.
Choose Utility Menu > Select> Entities. A picking menu appears.

Choose “Lines” and “By Num/Pick,” then click on OK. The Select Lines
picking menu appears.

In the Graphics Window, pick the six lines on the top and bottom, then click
on OK.

Click on the NSL button in the Toolbar to choose the nodes associated with
the selected lines.

Choose Utility Menu > Plot> Nodes. The display changes to show the nodes
on the selected lines.

Apply the wall boundary condition by choosing Main Menu > Preprocessor>
-Loads- > -Loads- > Apphy > Fluid/CFD > Yelocity > On Nodes. A picking
menu appears.

Click on Pick All, then click on OK. The Velocity Constraints on Nodes dialog
box appears.

In the VX velocity component and VY velocity component fields, enter 0.
Click on OK.
Choose Utility Menu > Select> Everything, then Utility Menu> Plot> Nodes.

Choose Main
Menu> Preprocessor > -Loads- > -Loads- > Apply > -Fluid/CFD-> Pressure
DOF > On Nodes. The Apply PRES on Nodes dialog box appears.

Choose Box. Circle the nodes at the far right of the model (the outlet nodes)
and click Apply. The Pressure Constraint on Nodes dialog box appears.
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Set the Pressure value to 0.

Click on OK. The Graphics Window shows you the result of applying the
pressure boundary condition,

Choose Utility Menu > Select> Everything.

Click on the SAVE_DB button in the Toolbar. Your finite element model is
now complete and ready to be solved.

Step 9: Solve the Laminar Analysis

In this step, you first establish the fluid properties. Then, you set execution
controls and run FLOTRAN.

T

Choose Main Menu> Solution > FLOTRAN SetUp > Fluid Properties. The
Fluid Properties dialog box appears.

Check that the “Density” field is set to “Constant,” then click on OK. The
CFD Flow Properties dialog box appears.

Set the constant density to 1.0 and the constant viscosity to 0.01.
Click on OK.

Choose Main Menu> Seolution > FLOTRAN SetUp > Execution Control. The
Steady State Control Settings dialog box appears.

Set the “Global iterations” field to 20.
Click on OK to close the dialog box.

Choose Main Menu> Solution > Run FLOTRAN. A graph is plotted. Click
on Close after the Solution is Done Information window is displayed to

continue.

Step 10: Plot the Laminar Analysis Results

Choose Main Menu> General Postproc > -Read Results- > Last Set.

Choose Main Menu> General Postproc > Plot Results > Vector
Plot> Predefined. A dialog box appears.

In the scrollable lists, choose “DOF solution” and “Velocity V.”

Click on OK.



5. Choose Utility Menu > PlotCtrls > Device Options. The Device Options
dialog box appears.

6. Turn vector mode (wireframe) on, then click on OK.

7. Choose Utility Menu > PlotCtrls > Style > Edge Options. The Edge Options
dialog box appears.

8. Setthe “Edge tolerance angle” field to 1.

9. Setthe “Element outlines for non-contour/contour plots™ field to “Edge
Only/All”

10. Set “Replot upon OK/Apply?” to “Replot.”

11, Click on OK. The resulting vector plot shows the recirculation regions,

Step 11: Determine How Viscosity Affects the
Flow Profile

Common fluids such as air and water have lower viscosities than the original

number used in this example. Reducing the viscosity by a factor of 10 will
increase the Aeynolds number accordingly. So, in this step, you return to the

FLOTRAN input, change the viscosity, and solve the problem again. The analysis
will pick up where it left off, and will execute another 20 global iterations.

1. Choose Main Menu > Solution > FLOTRAN SetUp > Fluid Properties. The
Fluid Properties dialog box appears.

2. Click on OK. The CFD Flow Properties dialog box appears.
3. Change the viscosity value to .001.

4, Click on OK.

5. Choose Main Menu> Solution > Run FLOTRAN.

The cursor will turn into an hourglass-shaped icon until the new solution
completes.

Step 12: Setting Up a Turbulent Analysis

The results for the lower viscosily case indicate that the recirculation region has

extended well beyond the outlet. If you want the flow to develop fully by the time it
reaches the exit, you must give it more room to do so. This is especially true
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considering that the viscosity of air is even lower than that of the lower-viscosity
fictitious fluid in the previous part of the example.

The procedure for the next part of the example, the turbulent analysis of air flow,
closely follows that of the laminar analysis. You will extend the problem domain,
re-mesh the problem, reapply boundary conditions, and activate the turbulence
model. You also will need to change the ANSYS jobname before solving the
turbulent analysis.

!

To delete the pressure boundary condition, choose Main Menu >
Preprocessor>-Loads- > -Loads- > Delete > Fluid/CFD > Pressul@F > On
Nodes. A picking menu appears. Choose Pick All

Choose Main Menu> Preprocessor> -Modeling- > Create > -Areas->
Rectangle > By Dimensions. The Create Rectangle by Dimensions dialog
box appears.

Enter the following coordinates:

e Set X110 12.
o Set X210 24.

e SetYito 0.
e SetY2102.5,

Click on OK. The Graphics Window displays the additional outlet region you
just added. You next merge the lines and keypoints of this new region with
those of the existing areas.

Choose Main Menu> Preprocessor> Numbering Ctris > Merge ltems. The
Merge Coincident or Equivalently Defined Items dialog box appears.

Set the “Type of item to merge” field to “All,” then click on OK. You should

receive a message warning you about merging a meshed line with an
unmeshed line. Ignore the message and close the message box.

Choose Utility Menu> Plot>Lines.

Step 13: Mesh the New Outlet Area

1.

Choose Main Menu> Preprocessor > -Meshing- > Size Cntris > For Picked
Lines. A picking menu appears.

Pick the (rightmosf) line at the new outlet, then click on OK. The Element
Sizes on Picked Lines dialog box appears.

Set the “Number of element divisions” field to 10.
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4, Set the “Spacing ratio” field to -2.
5. Click on Apply.
6. Pick the lines at the top and bottom of the new outlet.
7. Click on OK.

8. Inthe Element Sizes on Picked Lines dialog box, set the “Number of element
divisions” field to 20 and the “Spacing ratio” field to 1.

9. Click on OK, then click on the SAVE_DB button in the Toolbar.

10. Choose Main Menu> Preprocessor > -Meshing->Mesh>Areas >Free. A
picking menu appears.

11. Pick the outlet area, then click on OK. The ANSYS program meshes the
new area.

12, Choose Utility Menu > Plot>Nodes. The Graphics Window shows a nodal
plot that includes the new outlet area.

Step 14: Applying Loads for the Turbulent
Analysis

1. Choose Main Menu>Preprocessor > -Loads-> -Loads->Apply >
-Fluid/CFD- > Velocity > On Nodes. A picking menu appears.

2. Choose “Box” as the picking method.

3. Pressing the left mouse button, draw a box around the upper wall that does
not have a boundary condition. Create another box around the lower wall
without a boundary condition.

Click on OK. The Yelocity Constraints on Nodes dialog box appears.

o -

In the VX velocity component and VY velocity component fields, enter 0.

Click on OK.

o

7. ChooseMainMenu > Preprocessor > -Loads- > -Loads-> Apply > Pressure
DOF>On Nodes. A picking menu appears.

8. Choose “Box” as the picking method.

9. Draw a box around the new outlet
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Click on OK. The Pressure Constraint on Nodes dialog box appears.
Enter a Pressure value of 0.

Click on OK,

Step 15: Change FLOTRAN Options and Fluid
Properties

k

10.

Choose Main Menu> Solution > FLOTRAN SetUp > Solution Options. The
FLOTRAN Solution Options dialog box appears.

Set the “Laminar or turbulent” field to “Turbulent.”
Click on OK.

Choose Main Menu> Solution > FLOTRAN SetUp > Execution Control. The
Steady-State Control Settings dialog box appears.

Set the number of global iterations to 60.
Click on OK.

Choose Main Menu> Solution > FLOTRAN Setup > Fluid Properties. The
Fluid Properties dialog box appears.

In the “Density” field, choose “AIR.”
Click on OK. The CFD Flow Properties dialog box appears.
Confirm that the property to be used is AlR, then click on OK.

Step 16: Solve the Turbulent Analysis

1.

Choose Utility Menu > File > Change Jobname. The Change Jobname
dialog box appears. You also will see a warning message telling you that

you must exit from the SOLUTION processor in order to change the name.
Click on Close in the warning message window.

In the Change Jobname dialog box, enter turb as the new jobname.
Click on OK.

Choose Main Menu > Solution > Run FLOTRAN. ANSYS solves the
turbulent analysis.



Step 17: Display the Velocity as a Vector Plot and
a Path Plot

1.
2.

10.
1,
12,
13.

14,
15.

Choose Main Menu> General Postproc > -Read Results- > Last Set.

Choose Main Menu> General Postproc > Plot Results > Vector
Plot> Predefined. A dialog box appears.

In the scrollable lists, choose “DOF solution” and “Velocity V.”
Click on OK.
Plot Nodes.

Choose Main Menu> General Postproc > Path Operations > Define
Path > By Nodes. A picking menu appears.

In the Graphics Window, pick the nodes at the botiom, then at the top of the
outlet.

Click on OK. The By Nodes dialog box appears. Enter path1 in the Define

Path Name field. The PDEF Command window appears. Review the
contents of the window and click on Close.

Choose Main Menu> General Postproc > Path Operations > Map onto Path.

The Map Result ltems onto Path dialog box appears.

Enter velocity as the label.

In the “Item to be mapped” field, choose “DOF solution” and “Yelocity ¥X.”
Click on OK.

Choose Main Menu> General Postproc > Path Operations > -Plot Path
ltem- > On Graph. The Plot of Path ltems on Graph dialog box appears.

Choose the label YELOCITY.

Click on OK. The resulting path plot shows that the flow is still not fully
developed. (You will see a bias toward one side of the outlet)

Step 18: Create a Pressure Contour Plot

1. Choose Utility Menu > PlotCtrls > Style > Contours > Uniform Contours. the

Uniform Contours dialog box appears.
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2. Setthe “Number of contours” field to 72.

3. Click on OK.

4, Choose Main Menu> General Postproc > Plot Results > -Contour Plot->
Nodal Solu. The Contour Nodal Solution Data dialog box appears.

5. In the scrollable lists, choose “DOF solution” and “Pressure PRES.”

6. Click on OK. The ANSYS program displays a contour plot showing
pressure.

Step 19: Exit from ANSYS

1. Click on the Quit button in the Toolbar. A menu appears, asking whether you
want fo save the geometry and loads from the example analysis, save the
geometry, loads, and solution, save everything, or quit without saving.

2. Choose the quit option you want, then click on OK.
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= AE/(PNV) (3)
e = hnnsmefiadlas, ppm

= punnnlunsssmerasa e fiianlas, m’
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p = ATUVLIUNLIEIBINA, kg m’
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(Heat Island)

ANNIATING

(Downdraught)

wun i lalasuesn

(Psychrometric Chart)

RN R

(Beaufort Wind Scale)
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(Comfort Zone)

Control Potential Zone

(CP2)

Predicted Mean Vote
(PMV)

260

A‘J 1] ot " ]
et anmzaunemngnmningegenduianlifou i
- ar - [ c‘ﬂJ -
wunaiuly SWwiA’INAHANAUSNIMNIZANIDIANL T
o I - a4 o~ al o s i
yegnaningates aneanniaqiiu Saatlunsidn
ANTMNALNEVARILFITILANANNAY duduNaNIaINNIT
W uasAnmraainddayvinlan AnuuANANIIDIADil
N T de - L .
Fansntuegiufmulsmitniasn Taaviall dawls
o AJ o - b 1 - j ar «
udnmiuRasan Wun gruamgiiannid ANNTUANWIS

o a <
Fa@nnoning ua :ﬂ'l?Lﬂgﬂu‘r’l'ﬂﬂQﬂ’]ﬂ’lﬂ

MHIEDN TOULATEIANANAUSTINI NN HEINIA
. B " -
mouen uazAuTURuMES Auanaluwninilolasesn
dleldtinrlnads lunsd fusnmeniAn euendiaeis
] 4 ar - o U
fine ufn BUAAIANENNIDINATTAINATY TunTaTNg
- o
annazanianigluenasiaaniuls (Szokolay, 1986)
acdd a v oo
NAIINNAIIN AuA
ANSYNANNTOUANERTEITNT R (Passive Solar Heating)
nslduaaa301As (Mass Effect)
- i .
MIAABLNIRIEINIA (Air Movement Effect)
4 o o . i
ANTTUMEINENIANLEY (Evaporative Cooling Effect)
‘J o & v " -
NTTTIMELNENIANNIENNINEeN  (Indirect Evaporative

Cooling)

Vil Ao FITiEiaAmaLy Tag P.O. Fanger 34 Gl
PMV Aunnuannwadatl

gruunieInA (Air Temperature)

m’m%u (Humidity)

Fa®mnae¥imel (Radiation)

mﬂﬂ?\'ﬂuﬁﬁjmmmﬁ (Air Movement)
HRINNTHINAITYVRIFINNE (Metabolism Rate)

uasFnAiiuauIauReg (Clothing)



UseiRditey

v L a A o o o e o
u’Nﬂ’YJﬂ‘{fﬂ ARATAR INANATUA 10 MdeBd W.A.2520 W‘NVI‘]ﬂ‘ﬁm_ﬁ

15EaANIsANEY
2538 — 2542  anInansTNAARTITLTRA Atucantinangsumani sangndudslng

2543 - 2545 nNadaAnmszaudTrynyIn Auzan dRunsINAIART 8111997

aontimunssuaniew annfumallagnszasinddngnymsaanszi

U5zaRn1sINU

2542  A0NUIINEINY NEIBENULL AIAIIINIINTUNNEUIUAT

NUMSANHT WaziNEsALAT

2542 yuniinarziamsadadeud annangndAang

2542 YUIATINNIRINWIENANIE ANINUIAUARY gAY n ANEMIAINEIAt
AaLNg NUNEMAINENAY

2543 309567 2 NAsUsznauLLiuaensans TasdninnuanznIsumMmulaLg
WAN LW

o544 ¥amTy nndszmauuutiwinils TnssunAnandnaun uaznsunIg
unwnel

2544  yuaiuaulaTINISuszALgANAN andinauaniznssin LN

NAM UMD



