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PORNSAWAN TONGBAI : VENTILATION AND COOLING IN BUILDING
USING SOLAR CHIMNEY SYSTEM. THESIS ADVISOR : ASSOC. PROF.

TAWIT CHITSOMBOON, Ph.D., 157 PP

SOLAR CHIMNEY SYSTEM/NATURAL CONVECTION/CHANNEL EXPANDING

ANGLE

Solar chimney is the system that is employed to ventilate and cooling system. It’s a
passive system that has the advantages are it can work on its own without the need for
electricity, reducing pollutions and cost. The main idea is to use a transparent roof to capture
solar radiation by the greenhouse effect. A black metal sheet underneath the roof helps in
absorbing more heat. The air gap between the roof and the metal sheet allows heated air to
flow through and out at the top opening of the roof by buoyancy effect, inducing an air flow
into building through the bottom opening to ventilation.

Numerical analyses are carried out to investigate to optimize ventilation in building
by using commercial computational fluid dynamics software, ANSYS CFX. Simulation was
performed for solar chimney to analyses the effect of parameters on ventilation rate, namely:
solar intensity, inclination angles of roof, air channel width, vertical chimney attachment
heights and channel expanding angles. The last parameter was new concepts that seem to
have never been studied before. All of the mentioned parameters were found to exhibit
positive effects on the ventilation. Especially, increasing the channel expanding angle at
about 6°, we found that the flow rate increased by about 30% over the no expansion case.
This is quite significant and it offers a new means to enhance the ventilation rate. In addition,
comparison the airflow rate between using the flat roof with chimney and the inclined roof
without chimney at the same height is investigated. Consider the result at 1-m height, we

found that the airflow rate of inclined roof better than another one about 15%.



This research can be made toward the goal of researching and considering options to
improve the testing process hard drives through a measure that used to be considered. Rate
took part in the test increased by 27 % and the performance of the system hard drive, a 26%

increase.

School of Mechanical Engineering Student’s Signature

Academic Year 2015 Advisor’s Signature




o\ =\
daanssndszma

a o o dy o 1 " Y " Yo J d A a
Nudteatuilazduieganehild winlulasuanunganain Mue19150niy 395
s 2 I Y o A V ~ Yn o  Yaw
auysal FuuNIInIINFITenIsNIn uaznfSeuaiouneAUNaIYBIHITY HIFBUDNIIY
I 1 A o 4 o
ﬂJﬂUWi%ﬂmLﬂu@ﬂ1ﬂﬂiﬁ"lﬁjﬁlﬁjiﬂﬂ1ﬁﬁluﬂﬁﬁﬂy1 IS auazFuuzuuimialunmsiinms

[ s}d YIYanowv A o w

Aa @ 4 o w oA
98 memuﬁu‘uﬁuumuﬁummsmu‘lﬁmwummmw& u,azmaﬂﬂumimmmm“lﬁ

QU

v
I Y a A

ya o o A Ad 4 o
W']uaa'gthﬂﬂjﬂﬂ UINIINU I 08¢ Qvlﬂﬁllall@‘ﬂ@@ 9 L!agﬁ\i‘ﬂLﬂuﬂjgiﬂﬂf‘uu’lﬂn’lﬂﬁnﬂﬂ’ﬁVl’]\cnu

[ = o

37UAUD1NTY miumumaﬂg AU tazMIAUIINYTL I cmmﬁ]ﬂim WUTUAN Az
14052 Teminemaguiusialumeniantiae 1

4 a a 4 1 { 9 a Q(
GU'Qﬂi'l‘].l"]]'ﬂll‘Wizﬁ]ﬂ!ﬂg’E]T‘l]'15Elﬁ"l"ll']’Jﬂf']f]ﬂf]ﬂﬁﬁlllﬂ%f]\iﬂﬁﬂﬂﬂ?ﬂ ﬁhlﬂﬂﬁgﬁﬂ‘ﬁﬂigﬁ'l‘ﬂ

@

a 9y Yo 0
IBINITNY leﬂ1gl,u$u1 ATULNAN LLazﬂaﬂﬂizé}ui VT ﬁ]&l"lﬂuﬂmﬂ%GlUf]ﬁmLHMflTi’mﬂaﬂ

u

1eue

a a 4 1 ~ o v A
ﬂl@ﬂl@ﬂWi%ﬂmﬂiillf‘lﬁﬁ'@“lJ’J‘Vl‘c’ﬂ‘L!W‘L!‘ﬁ‘V!f‘l‘VHuTlﬁazl’Ja'llﬂﬁJﬁQ UZAATUNITAOU
£

Y
lunsai

Ay 99 v 1 A gao
ﬂlﬂﬂlﬂﬂﬂmﬂﬂﬂﬁ@ﬁﬁﬂqﬂu Ulﬂiﬂﬂ')'l‘lﬁﬂﬂlﬁﬁﬂﬂ? Mmumﬁmﬂuamm F1]‘L!ﬂ‘i“"1/l\1

Lé v v =

mm%mm%ﬁumm %Qwﬁﬂﬂﬂﬂizﬁﬂﬁﬁﬁﬁﬂﬂq‘ﬂ

U

- AUPINITAINTIA AIOATINGT WAtz §sMslszfianirinanisuaTedna

~ 9 1 1" Ao d a a o A Y d
- W‘Lli’)x‘]i’)llﬂﬁﬂ?%ﬂil&ﬂ??hﬂt!ﬁﬂl@ﬂ 91913UNIV INTAUYIU NNAU m"lﬂimnﬂsu 37U

[

g SauaunuIuiIde Iiiidels funaznuaasan aaeaaumeuiitio s 1019139

Y Aa

a A = 9 ' =K Y
'Jﬂ')ﬂﬁiﬂlﬂﬁ@Qﬂﬁ‘VIm’]WW’]N@’]ﬂﬂa’nﬂ\iqﬂﬁNﬂ

a

E4 H

gaMeil YBNIIWVDUNITTAM AMUUAIU azaMWoaNrune nodly 1 1d1diutiauag

X 9 = v Yo o ' v
PUINIAEIY AaoAdu 1 lamanmsAnyuaizeutaz lvinasleegnasa uazvounuisian
~ A Yo w = [ a a a d dy 9 9 a 1
wagimenneslnmaslaauen puawala  ownRanInINgInUTERUIIIND VO NALA

[ Y [ & I A =Y v @ Y dy Y
gauwoduyue novly dardy suiluyaaanduasunaznanaulignaauil 1l loma

9

AnyIAUN UL

4
NIAITIA N9l



%
i
UNMAATD (D VHYINI) oo, f
UNARTD (D THTDINNH) .o eeeee e eeeseeeeesseeesee e eseseeseseeseeesesseeseeeseeeeeees e esesseeseeesseens !
DI T T T I oo e e e e e e e e N
T TTAT oo e e e e e e e e e e e s e e e e e )
TVTUWRNNT N oo s 2
ANTURTU ot gl
o a [ [ 4 o I
AN U T ANHIALA IO ..o seses e 3
4
unn
L UMM e e e e e e s e s et e e e e r et e s e s e e eeee e e e s ee e e s e e s e e en e ereeeerens 1
oL P B IE Y oo e 1
o I
1.2 ANNaAazA M IUBT UM o 1
[ o a o
1.3 FQUTZAAAMIT IV oo 3
14 UDUEURAUDTNTT IDE e reee e eeeesessess e s e s es e s e s e esessesseeseeseesses s s s s s eseessessesses s s sseeseesaeens 3
a d' Y o
141 auy@gAIFIUMITIa090T MO oo 3
o A o =
14,2 A T T D T O E Yoo s 4
1.5 UTE OB NATIVE LT U oo 4
o a v d'd' Y
2. USNANITTUNTTHUAL VU IV TN IUBY oo, 6
2L P Y U Y oo 6
2.2 DT TEUNID NN oo e e e e s e e sees s e s s e s s s es e sees e s s seee e seeesees e seee s 6
2.3 AVIDIATUALIDAURR oo oo e oo oo eeeeee oo 7
ara 4 a
o R IR N AN RL a3 1o & R R TR (RO G 8
232 AUAUNTIYON (The Grashof NUMDET) .....oveveeeeeeeeoeeeeoeeeeeeeeeeeee oo 12
Y
233 MIWIOATLHIUHUTOUIULIUINY oo 13
Y
234  auNIYUNIVUN (The Boundary-Layer EQUations) .........c.ccoeeveeveeeeeeeveeereerennne. 14
Ao A A 9
2.4 QUUIVITUNGIUBT oo e e e e e e ee e e s e s e s s s s 17
2.5 FTUINNTONID oo oo 26
30 UUADUMITOAUHHNTIT IV oo e s s e s e s e s e sees s sessesseeseessesses s sseesesseeees 30

Bl P DY II Y oo e e e 30



1318y (A19)

1

3.2 MIATIHY oot e et s s es e eee e eeerene 30
3.3 MINAAOUANNYNADIVOL TUTUNTY ANSYS CFX ..o 31
3.4 MITANHINITTEUIIOINIATU 2 TR oo eee e eee s 31
3.4.1 gﬂuummﬁmwé’am‘ﬁmmzmJssiamaazmammmmummmﬁ .................. 32
342 WaNTENUUBIAMUTAI ) ADBATINITTEUIID NI ceveeeeeeeeeeeeeeeee e 32

3.5 MTANHINITTEUIIDINIATU 3 TR oo 33
3.6 MIUATIEHUALAL AN TOUYDITEU LU FOUITUIAR oo, 33
3.7 HUVTIA0IN VAN AATUDITEUVUABITIUAR oo 33
4. n3l¥vieandanmazdasarielumscemnernia: MIIATISTITIN WAV oo 34
A1 UMBAUD oo eeteseese e e e e e s e e e e s e e s e e e s e ees s ees e ees s ees e eeseeeeeseeeesee 34
B2 UNUNooeeeeeeeeee e 34
43 AUABUMITEUTUMITITO oo 35
44 WARWEUAZMITONUTVIHD 1ooooeeoeeeeeoeoeees oo eeseeeeesee e 39
441 HANTENUINANNGIVOIUAD oo 44
442 WANTZNUDINYMIDENUDIHAIN coovoooo i 45
443 NANTENUIINANINNIIUBIUBOL e 46
444 WANTENUDINAVIMTHUBIUATIUAR weovrreeeeeeeeeeeee oo eeeeseee e eeeeseeeeees 47
445  HARTENUINOMTUULENIIATOU THAUIINT oo 48
446  WANTENUMINAMUTADUTUIMMITOWINO NN .o 48
4.5 AFUMBZUOITUBDLIUL —ooooooooeoeeeeeee oo eeeeeeseeee e eeeeseeee e 50
451 AFUMD oo 50
452 VOUEUBIUE coovoveeeeeeeeee oo eeeeeeees e seeeeeeeeee e eeseeee s esesesee e seeeeseseens 50
4.6 TUINITOIID covverereeeeeeeeeeseeseeeeeeeeeseees e eeeeeseeee s esseessees e eesessee s eeseseeeeeeeeeseesesseenees 51
5. maiinlszansHalae WA TZIIEOIMAIUOWNT oo 52
5.1 UTIARED coeeeoeeeeeeeeeeeeeeeeeeseee e eeeeeeeeseeeeeseeeeeeeseeeeseesesseseeseeeseseeeesees e eeeeseeeseseeeeeseseesesseens 52
5.2 UMU Do 53
5.3 LU AN NN TTAUH U IT IV oo ses e es e ees e ees e eeeeesseeeens 54
5.4 HABNTUAZMITONUTUIND coovoeoeoeeeeeeeeeeeeeeeeeeeeeeeee e e eeeeeeeeeeeeeeeeeeeeseseeeeeseseeeeeeeseeeeeeeeeseeeeeeeeees 56

a Y o ]

4 X
5.4.1 waﬂizvminﬂﬂmwuwuﬂwmmmawmmﬂwa ............................................... 56



6. tavansznuaeifSauamsszigeimalueimsaaszuuilasuan

Tuermscaszuuilassuan

1318y (A19)

542 WONTZNUINANNOTIVOTUROUARA ..o
543 WONTZNUNMSANAINATNVDIFOIONMIA .oooeeee
5.5 ATUIBLVOLAUDIUL oo

5.6 TUIMITOIIDD e,

6.1 UTIFRYD .o e ee s s s eeeee s ses e eee s see s eee e eesseeeee
6.2 ANH Y oot ee e
6.3 UM IINIT AU UNTT IV, see e eeeeeee
6.4 HABNTUAZMITONU TN coovooeoeoe oo eeeee e eeeeeeeeeee e
641 HansENUMNMINTENRMTITEAv0Yeame A o
642  WANTENUVINADIMEVIVOIHATA oo eeeseeeeeesseeeeen
643  WANTENUIINANIUAIIQUBIEBIDNN I oo seesseseeeeee
644  HANTENUNINANNGIVOIADINADRIUDUNEIA o
6.5 AFUUAZUOUTUBDIUEL oo
6.6 TUIMITONID covveiereeeeeeeeees s seeseeees e seseeee et see e eees s e e eseees

=< a o % v a
fnﬁﬂﬂ‘H1!‘INGn!ﬁ°ll‘llE’N‘ﬂi]ﬁ]ﬂﬂﬁ%‘YI'].Iﬂé]ﬁﬂ]mﬂ1‘5‘58’;‘1J1E]E)1ﬂ1ﬂ!m‘1]ﬁ§§3»l‘lﬂﬂ

To1 UTNARYD oo e s e seeee s ee s ses e ees e ses e ees e ees s eesseeeesseeeee
T2 UMU Yoot eee s es s
7.3 UMM IT AU UNTT IV, eee s s s e eer e
731 MINATOU TUTUNTU oo eeseees
732 §nuazveeszULUaOMAARTNITAAY Y. oo
7.4 HABNTUAZMITONUT VNG coovooeeoeeeeeeeeeeeeeeeeeeeeeeeeeee e eeeeeeee e eeeeeeeeeeeseseeeeees
741  mansznUNMINIzNeRuAnIdams Inavesteseme ...
742 WansENUMNMIUAsuAUN U000 e
743 HANTENUDINYUDIAUBIHAINT oo
744 WARTENUNAMITADUADUTINUNEIN e

Y o = 1 (% @ = A
7.4.5 waﬂizw‘uilmmﬂwmmgmmmuﬂamﬂuwaqmmﬂm

AVGAT VIO oo



1318y (A19)

Wi

7.5 AFUUAZUOLIUBIUE ..o 86
7.6 FUIMITONIBN covvoeeeeeeeeeee e eeeeeeeeeee e eceesesseeseee et ceeeseeseeee e 86
8. NM391APWVUMNAAVDINITIZUIIMAIUOINITAITEUUUROIUAR ..o 89
81 LIMAAD .o s e s e s e e s e s ee s s e s e eeee s eeeeseeeeeesseeseeeees 89
8.2 UMU N 89
8.3 UMM ITAUHUNNT IV oo e es e ee e 92
83.1  MITEADUMIU TUTUNTU oo eseneeeas 92
832  ANHULUBIDIATTAULU coooveeeeeeeeoeeeeeeeeeeeeeeeeeeeeeeeeeeseesesssessssssesesesssssssssssseeeeeesees 92

8.4 WARWELUALATONUT VN oooooeoeoe oo eeee oo eeeeeeseeeeeeeseeeeeeeeeeeeeeeeeeees 94
8.4.1  WANTENUIINMIYMDIIUDINAIA coovoooeoeeeeeeeee e 94
842  HANTZNUIINANNGIUADY ooooooo e 94
843  HANTZNUNINAMAUIVOIUABIVUPRAINT oo 95
844  HANTENUVINANTMVUUDIULEIAR ..eeeeeeeeeeeeeeeeeerssessssseseeeeeesssseseeseeseesssens 96
8.4.5 WAdNFINMITIa09MT Inar U NuAUuDUT 2 TR 18 3 Th.e 96

8.5 AFULAZVOIAUDIUEY ..ottt oeeesseee e 97
8.6 TUINTTOTIDN et ooseeeeeeeeeeeeeessee e eeesssesss s eeessseeseeeeeeessesseeesseeseseseessesesessseseseeseenee 97
9. Enhancement of Roof Solar Chimney Performance for Building Ventilation ............................ 100
0.1 ADSITACE ...ttt ettt ettt et e et e et e e etae e et e e eteeeeteeeetaeeeareeereeenteeeataeeeareeereeans 100
0.2 INITOAUCIION .....veeeeeie ettt et et e e e et e e et e eeteeeeaaeeeseeeeteeeetaeeeaseeessesenseeenseeeesseesreeans 100
0.3 MEthOAOIOZY ....oeeuvieieeieeie ettt ettt ettt ettt et e te e te e be e be e saesse e se e ssasssesssesssesssenseas 102
9.4 ReSult and DISCUSSION ....cvieiiieirieiieieeiteesieesteeste et e ste e teesteesseesseesseesssessaesssesssesssesssesssesssessees 105
9.4.1 Effects of Channel EXpansion ANgIEs........cccoevuirieiierieiiieiecie et 105
0.4.2  EffECtS Of AIl GAP coveeeieiieiieiieiiesieesite e te st teste s te s testesteestesbeenteenseenteenseenes 106
9.4.3  Effects of ROOT INCHNAtIONS ....cccvviiiiiiiiiiiciiecie e 107
9.4.4  Effects of Chimney AttaChment..........c.ocverierienienieeieeie e 108
9.4.5 Chimney V.S. NO ChIMNEY.......ccocerieiieriiiienieeieeie et eeesteeteeteete e eee e 109

0.5 CONCIUSIONS .....uviieiieeiieeciie et e eteeesteeeetteeeteesteeeteeetaeessseesasaeestasesaeeasseaassasensasensseesssenasranans 111

0.6 RETEIEINCES ...ttt e e e e e et ettt e e e e e e s e bt e eeeeeesssaaaaaeeessesssneaaaeeas 111



1318y (A19)

Wi
10 UNTFUIAZHOIAUBIUL ... 114
LOTUMATU e 114
TO2VBAUBIUE ... ceeeoesseeeee e esesssseeee e 115
MANUIN
MANUIN 7 wamaﬂmjumwmﬂmmmﬂwaTﬂﬂmiwﬁaszvhuuviu%’auiuumé’q ........... 117
MANUIN U MINATOUTUTHUNTU ANSYS CFX oo 128
MAHUIN A MTAATIHNANAZANUATOUVDITLUVUADIUAR oo 142
MANUIN 3 UUVTIAINNAUAMAATVDITEUVYADUAR oo 148

USETAFITVIU .o 157



a3UYMII

4 y
MmN Hin
1% Aq Yo o '
2.0 FAQNIFENTU RSC UADLTUMUU oo 23
o JA o ] ' 1
8.1  HAANSNAMNUIVOAUTOIATT ) oo 100

9.1 Conclusions used in the computational teSt CASES .....eeverruieriierieeieeieeieee et ee et 104



Ean
=i
=h.

2.1
2.2
2.3
3.1
4.1
4.2
43
4.4
45
4.6
4.7
4.8
49
4.10
4.11
4.12
4.13
4.14
4.15
4.16
4.17
4.18
4.19
5.1
5.2
53
5.4

5.5

U
sty
UY
2
Hin
- 3
MITNIBTATZUDIIRIIITOU oo 8
a @ <
AIWIBATEUBITADIIU s 9
Y
13 1a Taems M a5 MIUMHLEOUTUIUAAT ..o 13
Y 9
JUUDVVRINAIN (M) HAIAUBEIVUAUAN (V) HAIATTBINU oo 32
ANHULNNMEAINLAZYUIAVBIOTHUDAUUIAT oo 35
ANIZEUAYBINT IHANUUMTNIADIUTOUBDHTL 1o 36
v
HAANTIINNIINATOU TUTUNTU oot 37
ANHUZNNMENNLAZVLIAVBIOINITHUD THEAULIAT oo 39
DT ILTAQATTIUANR I oo 40
o A .
HAANEN Q=300 W/m', i, =31, =307 oooooooeeeeeoeeeeeeceeeeeee e eeeeeeeee e sesees e 42
UMY d MU INTUVVTUNIAT (FUAMGNAT) oo 42
{ <
M3 aeu) a9 UG I IEUNITOUE oo 43
M3 AU aIANUAUA T UNITOUD oo 43
M3 AU aIQUNYTANFUNITOUD oo 44
M31aeun I MU HU U UATIEUMIRTOYA oo 44
Y] A 2 o = o '
Foo0zMINUIUYDI8ATINT 118 TAeuIARUNUAINGIVOIUAD oo 45
9 A ds@’ o )=} [ = [
$o00zMINVIUYDITATINT 118 TAeUIDRGUNUYUIBDIIUBINAINT (ooooeeeeeeeeeee 46
9 A dsl o ~ v 9 '
Foo0zMINUIUY0I8A51NT 11ia TaeuIafeunuA1NN VU ADY oo 47
8A31M15 112 1A IAREUADAVITUVOIIAILAR ..oorsoeeeeessssssees s 47
Y] A X o = Y )
Fo80sMINUIUYDITATINT 118 TAsUIARUNUANTUVOWHIAR .....ooveeeeer 48
YTNUMINENDIMANIUAUANNGIVOIUAOL. e 49
Y11 INEmNDIMANGUADYUIDEIVOINAINY oo 49
V1M DM IMAREUR AT NUBUTUAR ....oeeseoeeeeeeesssseessseesssees s 50
< SJQQd' o Y = @ ]
anuisd inand o lannTisunsy ANSYS CEX oA UNamasuiuATa .o 55
a o s o o 1
gavgiduysaindanIdoinTisunsy ANSYS CEX ifgunumamasuaiuns.................. 55
o s 1
ABULHATOIAYTEABUVBIURBUIAA ..o 56
OATING THAFINIATYUUIUAI T 57

v Y
$oo0eMINuIUY0I8A51NT IHaiouAUNFANIUIING 0% oo 57



Ean
=i
=h.

5.6
5.7
5.8
6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
6.10
6.11
6.12
7.1
7.2
7.3
7.4
7.5
7.6
7.7

7.8
7.9

7.10
8.1

U \J
CRRNGTINGE)

£
i
9131013 IHAFINIANANVENIVBIUADUAAATINU oo 58
8931013 1 AFANIANANUATIAUBIUBIDINIIAN ) oo 59
9 Py [ =1 o ~
$00arm)asuv0I89I1MNT THANGUNUNTI d = 14 CIN oo 59
< ﬂlaad' o Y A % 1
ANUG I HANAIUI TS AU UNAIRDEUNUATI e 65
Aa o P o =~ % ]
guuNANYTAUNAILIN TR AOUNUHARAOUUUATI oo 65
HOM AU UL U ROD oo 66
Y o = 1
MOIH DI VUL LTI BT oo e e e e e s s 66
HANTENUUDIYUUIUNNIOONADTATINT IHAN DD eooooeoeoeeeeeeeeeeee e 68
v A 2 o a o ~ Y fe)
$oeazMINNIUY0ITATING IMaNIARGUNUNTUYUUIUNINY 0% oo 68
HANTENUVDIAINEIINAIATADONTINT FTAMID oo 69
v 9
$oearMINUUVUVDIDATINT 1HANIANSUNUNTUHEIAVNY 110 eeroeeeoeoeoeoeeoeoeoooo 69
HANTZNUVDIANUNTIIVDIFOIDINIAADDATING MAAUID corooeeeoeeeeeoeeeeoeoeeoeeeeoeoeeeoeooeo 70
9 A 2 o ~ o ~
$08aMINUUUYDITATINT IHANIANGUAUAT @ = 14 IOl erveooeeeeoeoeoeeeoeeeoeeoeeeeeonns 71
HANTENUUDIANNGIUADIADOATINGT THANID oo 72
9 A dsl [ =1 [ =~ L= 1
$ouarMINUVUVDIBNTING AN IANSUNUATA MITUBDY oo, 72
< Aa o 4 @ ] [
AN A QUNYNTUY T AN UNUTLOZHIVINHUTOU oo 79
v d'd Y @
FEUUUADIUAAN IR I FTDTHAIR e oo s e e 80
v d'd a’/ 9 [ !
52UVUA0IUAAN U NI OIHAIAULDEU DT oo 80
(1) A WVVIBDEAE (V) HAMWMVVTIUNUADI NANUGIT NI oo, 81
8A31M3 1MV IMAAsUNUYMLIUYDINAIATNAVMITUUTIAI 9 oo 82
89351013 1Mave101MAieuAUANA VB IBBIDINIANANVNIAIAN e 83
9A31N3 11av090 IMAREUNUYUIDIIEZANUFIVOINAIN
R R A NE Lo RS (o N R L R LA L3 1 L2 LY DO 83
8A31M13 1MaU0a01MAiEUAUANNGIUBUABINYNUIUAINIOUY e 84
9n31M3 IMaves Mo unuAINgITINUDdlans
VI AARINUADUAE LTIV oo 85
Separation bubble UT1IUTDIADTEHINHAIAMNUUADL. oo 86
YRS TT A TTTS TS 1Ra @ VL YL FO oo 93



€t
=i
=h.

8.2
8.3
8.4
9.1
9.2

9.3

9.4

9.5

9.6

9.7

22

U \J
CRRNGTINGE)

Hin
fi’mmﬁ"lwammmmmﬁﬂuﬁuumﬁt’Nmamﬁ’qmﬁmwm%’mmwhq [P 94
031m3 aresMAisuA UYL 09 ATMIITUIANAIN 9 e 95
'é"ms1ms"lwammmmmﬁﬂuﬁ’ummvﬁ’mmmﬂ@ ........................................................................ 96
Comparison of velocity and temperature profiles.........coccvevveriereereeriierieeieeeere e 103
Schematic of the roof solar ChIMNEY .........ooiiiiiiiiiee e e 104
Air mass flow rates per projected area of roof due to channel expansion angle
(L=1m, =45% 0= 14 CM) coorrroorer e sssss et 106
Air mass flow rates per projected area of roof due to air gap variation
(L= 110, 07 45°) oottt 107
Air mass flow rates per projected area of roof due to roof length and roof angle
(Q =650 W/, B0 oo eoeeeeeeee oo eeee e eee e 108
Air mass flow rates per projected area of roof due to chimney height
(A =14 €M, Q= 800 W/IN') oo e s e e e e e s e s eseeee e ssee 109

Air mass flow rates per projected area of roof due to overall height of chimney

(d=14cm, B=0° Q=800 W/M) ...oooooiroooreeoeeeie et iees e eeseeeseeeeeeesee e seeee e 110



€
€

|
@
)
>
=
=

D™ T Q ™ g < =T Q o

< F

AR

BSR

(]

mT TN 0N o0

o YY) J o
MesiNedyanyaazMeo

Stress tensor

aguﬂzm (angle of attack)

Dynamics molecular viscosity

Intermittency of turbulence

kinetic viscosity

Rotor speed / Specific dissipation rate =— & / k
Turbulent dissipation rate

ANUAUVDINIKU (Solidity of rotor)
ANUNUILUVDIved Ha (Density of fluid)
yuszrnaduuuIms lnanuduuuasad
guﬁ’u (Azimuth angle of blade)

Eddy viscosity or Turbulence viscosity
kinematic eddy viscosity

Axial induction factor

Area

Aspect ratio

Blade speed ratio ((OR/U)

Chord length

Drag coefficient

Lift coefficient

Normal force coefficient

Power coefficient

Tangential force coefficient / torque coefficient
Skin friction coefficient

Drag force

usafinszihsuszuL

159018 1U (body force)
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Rotor height

Turbulent kinetic energy= u]u/ /2
Lift force

Normal force coefficient / blade number
Apparent order

Pressure

Prandtl number

Rotor torque

Rotor radius vector

Grid refinement factor

Rotor radius

Rayleigh number

Reynolds number

= o 4
ANUATEALTE 11an (Reynolds stresses) = —p

asinIgnueIHaman
Airfoil section thickness
Tangential force

Wind velocity

Absolute velocity
Distance to nearest wall

Distance in wall coordinate

Blade Element Momentum theory
Computational Fluid Dynamics
Experiment

Renormalized Group

Spallart-Allmaras turbulent model
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Free stream
Blade element
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Temperature
—(10)41.56

—(9)40.82
—(8)40.07
—{7)39.33
—{£)28.58

—{5)37.83
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—(4)37 .09
—~13)36.34

—{2)35.860

—{1)34.85

v J a
(c) ADUNITVDIYUN YV (temperature contour)
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CHAPTER 9

ENHANCEMENTS OF ROOOF SOLAR CHIMNEY

PERFORMANCE FOR BUILDING VENTILATION

9.1 Abstract

A roof solar chimney (RSC) is inclined in the roof of a building wherein solar
radiation is employed to heat the air the channel. The hot air flows up the channel which
can be used to induce flow out of the building in order to ventilate it. In this study,
parameters that affect the performance of this natural ventilation system were investigated
numerically, namely: inclination angles, channel gaps, solar intensities, vertical chimney
attachment heights and channel expanding angles. The two last parameters were new
concepts that seem to have never been studied before. All of the
mentioned parameters were found to exhibit positive effects on the ventilation. Relative

merits of these techniques were compared and discussed.

9.2 Introduction

The concept of solar chimney has been employed since ancient past to induce flows
to ventilate buildings. Recently it has been adapted to be an electricity generating device
(Chitsomboon (2001), Chitsomboon and Tongbai (1998), Chitsomboon and Tongbai
(1999)). Building ventilation, however, has been the main application area of this concept.
In this method air contained between a parallel channel, normally under a building’s roof,
or in a vertical chimney, is heated by solar heat flux so that its density is reduced. The

lighter air is “pulled” by buoyancy to flow upward through the inclined channel or a



101

chimney or a chimney-liked structure. The upwardly flowing air is manipulated to induce
the surrounding air to ventilate the building. The concept is very simple but to design a
good ventilating system based on this principle requires a great deal of theoretical
knowledge and proven experimental data.

Bansal et al. (1993) and Bansal et al. (2005) developed a theoretical model to
predict that a solar chimney system could induced air flow around 50—165 m®h per 1 m? of
solar collector area. They also found, both theoretically and experimentally, that the cross
sectional area and the height of a solar chimney could significantly affect the air flow rate.
Gan (1998) also found similarly but noted that a chimney that was too high could induce a
reversed flow near its top. Beneficial effects of channel width, height, and solar intensity
were confirmed by Bouchair (1994), Burek and Habeb (2007) and Afonso and Oliveira
(2000).

The study of Hamdy and Fikry (1998) reported that roof inclination of 60°
produced the best results. Zhai, Dai and Wang (2005) found that roof inclination could be
reduced, while increasing efficiency, by using a double channel set up instead of a single
channel. Several works on roof solar chimney (RSC) had been conducted by Hirunlabh et
al. (2001) and Khedari et al. (1997, 2000, 2002a, 2002b). Their collective works had
suggested that the best roof channel widths should be 10-14 cm and optimal lengths of 1-2
m, while the inclination angles should be 20-45°. Tongbai and Chitsomboon proposed a
vertical chimney attachment on top of the roof channel structure and found additional
benefit (Tongbai and Chitsomboon (2004)).

From the literature reviewed above it can be concluded that air flow rate through
RSC was found to be basically dependent on: solar intensity, chimney height (or roof

inclination), channel width, chimney attachment as well as manipulations on the
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configurations. The qualitative trends of past researches agreed well with one another but
with some quantitative differences.

The recent works of Tongbai and Chitsomboon (2008a, 2008b) have found that
expansions of the channel along the flow path could also help increase the air flow rate.
This finding was based on an analysis of the theoretical model of Chitsomboon (2000) and
was confirmed by Koonsrisuk and Chitsomboon (2006) in the context of a solar chimney
for electricity generation.

The main objectives of this study were to reinvestigate the beneficial effects (or the
lack thereof) of all the mentioned parameters in a wider range and to compare their relative
merits. By using the same tool for these investigations the results could be compared more
credibly than before. Another objective was to introduce the concept of using the
expanding channel to a wider audience since up until now it was circulated only within a

small research community of Thailand.

9.3 Methodology

ANSYS CFX, Release 11.0 is the basic CFD (Computational Fluid Dynamics) tool
that was used in this study. The CFD code was based on the finite volume methodology
with the unstructured grid. Before endeavoring into the computation, the program was
validated by solving for a free convective flow over a heated flat plate. Good comparisons
of the computed results with those of the similarity method (Kay and Crawford (1993)) in

Figure 9.1 helps establish confidence in the forthcoming computations.

A schematic of the full-featured roof solar chimney is as shown in Figure 9.2. In
this configuration the air channel is expanding along the flow path (with the angle, 5) and a
vertical chimney is also attached at the exit. The conditions used for the computational test

cases are as indicated in Table 9.1.
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Assumptions and conditions used in this study were as follows:

Two — dimensional air channel.

Uniform volumetric heat source to simulate the solar heat absorption.

Laminar flow (low Grashof number).

Boussinesq’s approximation for density change due to heat.

Numerical convergence deemed by RMS residuals and mass flow rates in

channel
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Figure 9.1 Comparison of velocity and temperature profiles

between CFD and theory for buoyant boundary layer flow along a vertical flat plate.
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Figure 9.2 Schematic of the roof solar chimney.

Table 9.1 Conditions used in the computational test cases.
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Case increment S d, L, m he, m g (W/m?)
cm

Channel expansion, 1° 0- 14 1 0 500, 650,

B 12° 800, 900

Channel gap, d 2° 0 10- 1 0 500, 650,
60 800, 900

Inclination angle of 15° 0 10, Dependent 0 650

Roof, 6 30 to 6

Chimney attachment 0.25m 0, 14 1 0- 800

height, h¢ 4° 1.25

Overall height of - 0 14 - - 800

roof, ho

The second assumption is plausible because we are more interested in qualitative

solution rather than quantitative solution. In other words, we are interested in the macroscopic

behavior of the flow so that we can observe trends and relative merits of each technique.
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Detailed heat transfer models certainly will improve quantitative results slightly but should not

change trends and qualitative behaviors of the solutions.

9.4 Result and Discussion

9.4.1 Effects of Channel Expansion Angles

Figure 9.3 indicates that the flow rate increases with the channel expansion
angle. The relationships are almost linear to about 5 degree and decline gradually
thereafter. The declines were probably due to the flow being separated from the wall which
is often observed for flow in a diffuser. At about 6 degree expansion the flow rate increased
by about 24% over the no expansion case. This is quite significant and it offers a new
means to enhance the ventilation rate. Experiments are needed here to confirm the findings
of this study.

The reason behind the increase of the flow rate is perhaps that of the
diffuser effect whereby the flow at inlet can increase its velocity and hence reduces it
pressure according to the Bernoulli’s principle. The low pressure at the inlet can be
recovered through the expanding channel (again by the Bernoulli’s principle) and
equilibrate itself with that of the surrounding at the exit. Observe also that the graphs
wiggle at about 7 degree expansion; this was due to the mentioned flow separations. More
expansions beyond the separation limit cause the air flow rates to reduce for all insolations

due to increased frictions caused by progressively larger flow separations.
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Figure 9.3 Air mass flow rates per projected area of roof due to channel expansion

angle (L=1 m, 6=45°, d=14 cm).

9.4.2 Effects of Air Gap

Like previous researchers, we found that the increase of air gap (channel
width) could increase the flow rate. In Figure 9.4 it is evident that the air flow rates
increase approximately linearly with the air gaps. At low insolation when the air gap is
increased from 10 cm to 60 cm the air flow rates increase as much as 250%. Our finding
here, however, contradicts Hirunlabh et al (2001)’s finding wherein they reported that the
optimal air gap should be about 14-16 cm for a 1 m long channel, beyond which a
decreased flow rate resulted.

The contradiction with Hirunlabh et al (2001)’s findings could be due to the
fact that in Hirunlabh et al (2001)’s experiment the increased air gaps helped promote heat
losses to the sides of the channel while in our numerical investigations such losses were
ignored. If this is really the case then it suggests that sidewall insulation is very important.

It is interesting to note that as the air gap is widen the air temperature is

reduced, hence the reduction of the buoyant driving force and air velocity. But it seems that



107

the increase of the cross sectional area overcompensates the reduced velocity such that air
mass flow rate increases. This could be a subject of further theoretical and experimental

investigations.

0.30 ‘ ‘
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Air mass flow rate per roof erea (kg/s-mz)

0.00 L L L
10 20 30 40 50 60

Channel gap (cm)

Figure 9.4 Air mass flow rates per projected area of roof due to air gap variation

(L=1m, =45,

9.4.3 Effects of Roof Inclinations
In this study the roof inclination was increased while keeping the base
(horizontal) length constant; thus, the height increases with the inclination. The base length
was set as the projected area of the 2 m long RSC inclined at 15°. With this set up the total
solar heat added were the same for all cases; any change in the flow rate were due solely to
the roof inclination. It is not a surprise to see that the flow rate increases with the roof
inclination, as is shown in Figure 9.5. At air gap of 10 cm when the angles increase from

15 to 45° the ventilation increases by about 90%; this is quite significant.
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The rates of increase of the flow rates appear to be almost linear. The general

reason for the increase simply is the stack effect due to the increase of the vertical height of

the channel. A steep roof obviously performs better but its accompanying cost and

architectural connotation must also be considered in a ventilation design. The mild bend

down at 30 and bend up 60° of the graphs are believed to be the effect of the height being

increased with tan @ and the bends here are characteristic of tano curve.
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Figure 9.5 Air mass flow rates per projected area of roof due to roof length and roof

angles (Q = 650 W/m?, 5 =0°)

9.4.4 Effects of Chimney Attachment

Several past studies had been conducted on solar chimney in building

ventilation but they used chimneys also as a means to collect solar radiation, either in a
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vertical or an inclined arrangements. In this study a vertical chimney is attached to the
inclined channel’s exist mainly to provide an additional height for the system and not for
the purpose of adding heat; this is more plausible to the tropical part of the world where the
sun is high. The results, shown in Figure 9.6, indicate an increase of the flow rate with the
height of the vertical chimney attachment. In this configuration the roof angle was 45° and
the roof length was 1 m, giving the roof height of 0.71 m by attaching the ‘passive’ vertical

chimney for another 1 m the flow rate increase by about 67%

0.18 1 $5 8%

2

Air mass flow rate per roof area (kg/s-m )

0.17 +
0.16

0.15 +

0.14
0.13 +

0.12 A

0.11

0.00 0.25 0.50 0.75 1.00 1.25
Chimney height (m)
Figure 9.6 Air mass flow rate per projected area of roof due to chimney height

(d=14 cm, ¢ =800 W/m?)

The results of the case for £ = 4° are also shown in the plot. In this case only
the roof portion was expanded while the chimney portion was straight. The advantage of
the expansion angle is seen to be lesser as the chimney is longer. This is believed to be due
to the effect of lesser buoyant force caused by a lower air temperature in the expanded roof

The Chimney attachment offers a new design alternative with different

architectural appeals as well as cost.
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9.45 Chimney V.S. No Chimney

In this design, a flat roof is combined with a vertical chimney to give the
same overall height as the inclined roofs without chimneys. From an engineering point of
view it is interesting to see whether the two designs, with the same overall height, will
produce similar flow rate. Figure 9.7 provides the comparisons of the two systems wherein
it is seen that the roof without a chimney performs slightly better. At the chimney height of
1 m the air flow rate reduced by about 15% below the level of the no-chimney condition.
This is believed to be the effect of friction since the flow has to turn a sharp corner formed
at the juncture of the flat roof and the vertical chimney. It is obvious that, a combination of
a less inclined roof with a chimney attachment can be made to give the same total mass

flow rate as a more inclined roof.
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Figure 9.7 Air mass flow rate per projected area of roof due to overall height of

chimney (d=14 cm, $=0°,0 =800 W/m?)
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9.5 Conclusions

The numerical study performed in this study has confirmed the trends of some of
the previous studies in the past, namely that flow rates in solar chimney for building
ventilations increase with air gap, roof inclination and insolation level. Wider air gaps
helped increase the ventilation most significantly, up to 250% as the gap increased from 10
to 60 cm. The continuous increase of ventilation with the air gap contradicts the finding of
a past investigation which proposed an optimal air gap width. This contradiction is
believed to be due to the heat losses to the side panels which were not included in this
study. Two new concepts, namely, the longitudinally expanded channel and the (passive)
vertical chimney attachment, have been introduced and found to help increase the
ventilation rate even further and quite significantly. These new concepts offer new design

alternatives for the natural ventilation of a building.
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Code TdsunsunlFlumsnimamasuaiuasa

st 3k sf sk sk sk sk ke sfe sk sk sk sk sk sk ke sk skeske sk sk sk sk sk sk sk sk sk sk sk sk sk sk skl sk sk sk sk skt skl sk sk sk sk sk sk sk skeske sk skt stk sk skl sk stk skokoskoskolkoskoskok sk

- SIMPLNAT -
-
#kx  THIS PROGRAM GIVES SIMILARITY SOLUTION RESULTS FOR ~ ##sss
k% AMINAR FREE CONVECTIVE BOUNDARY LAYER FLOW OVER A sk
oo VERTICAL ISOTHERMAL FLAT PLATE. Rk
S o o R o o o o
DIMENSION T(10000),F(10000),G(10000),H(10000),A(10000)
& HGUESS(3),AGUESS(3),FPIN(3),TPIN(3)
REAL KF0,KG0,KH0,KF1,KG1,KH1,KF2,KG2,KH2,KF3,KG3,KH3
& KTO,KA0KTI,KAIKT2,KA2,KT3,KA3
COMMON DETA,PR
o o R o o o o R o o o
OPEN(UNIT=1,FILE='SIMPLNPR.DAT')
OPEN(UNIT=2,FILE='SIMPLNPL.DAT')
sk she sk sk sk sk sk sk e sk sk she sk she sk sk sk sk sk sk sk ke sk ske sk sk sk sk sk sk sk sk sk sk ske sk ske sk ske sk she st sk sk sk stk sk sk sk sk sk ste sk sk skokeoskoskoskoskoskoskokoskoskokokokokok
WRITE(6,4250)
WRITE(6,4290)
WRITE(6,4260)
READ(S,*) PR
WRITE(6,4250)
DETA=0.0015
N=10000
WRITE(1,4290)
WRITE(1,4270) PR
st sk sk sk sk sk sk s sk sk sk sk sfe sk sk sk sk sk sk sk s st sk sk sk sk sk sk sk sk sk sk sieosie sk sk sk sk sk st ste sk sk sk sk sk sk sk sk sk st sieostokokokokokokokokokokokokoskokoskek
* N=NUMBER OF GRID POINTS
* PR=PRANDTL NUMBER
* DETA=ETA STEP SIZE
st sk sk sk sk sk sk s sk sk sk sk sfe sk sk sk sk sk sk sk s sk sk sk sk sk sk sk sk sk sk sk sieoske sk sk sk sk ske st ste sk sk sk sk sk sk sk sk sk st sieoskokolokokokokokokokokokokoskokoskek
INTR=1
HGUESS(1)=0.45
AGUESS(1)=-1.1
IF(PR.LT.15) THEN
HGUESS(1)=0.6
AGUESS(1)=-0.9
ENDIF
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IF(PR.LT.10) THEN
HGUESS(1)=0.7
AGUESS(1)=-0.7
ENDIF
IF(PR.LT.5) THEN
HGUESS(1)=0.8
AGUESS(1)=-0.5
ENDIF
IF(PR.LT.1) THEN
HGUESS(1)=0.9
AGUESS(1)=-0.4
ENDIF
100 CONTINUE
DO 1001 J=1,3
F(1)=0.0
G(1)=0.0
T(1)=1.0
H(1)=HGUESS(J)
A(1)=AGUESS(J)
DO 1000 I=2,N
FO=F(I-1)
G0=G(I-1)
HO=H(I-1)
A0=A(I-1)
TO=T(I-1)
FC=F0
GC=G0
HC=H0
AC=A0
TC=TO
CALL RUTKUN(FC,GC,HC,TC,KF0,KG0,KHO)
CALL RUTTUN(TC,AC,FC,KT0,KA0)
FC=F0+0.5*KF0
GC=G0+0.5*KGO
HC=H0+0.5*KH0
TC=T0+0.5*KT0
AC=A0+0.5*KA0
CALL RUTKUN(FC,GC,HC,TC.KF1,KG1,KH1)
CALL RUTTUN(TC,AC,FC,KT1,KA1)
FC=F0+0.5*KF1

GC=G0+0.5*KG1



HC=H0+0.5*KH1
TC=T0+0.5*KT1
AC=A0+0.5*KA1
CALL RUTKUN(FC,GC,HC,TC,KF2,KG2,KH2)
CALL RUTTUN(TC,AC,FC,KT2,KA2)
FC=F0+KF2
GC=G0+KG2
HC=HO0+KH2
TC=T0+KT2
AC=A0+KA2
CALL RUTKUN(FC,GC,HC,TC,KF3,KG3,KH3)
CALL RUTTUN(TC,AC,FC,KT3,KA3)
F(D=F(I-1)+(KF0+2.0*KF1+2.0*KF2+KF3)/6.0
G(D=G(-1)HKGO0+2.0*KG 1+2.0¥*KG2+KG3)/6.0
H(D)=H(-1)+(KH0+2.0*KH 1+2.0*KH2+KH3)/6.0
T@=T(I-1)+(KT0+2.0*KT1+2.0*KT2+KT3)/6.0
A(D=AI-1)+HKAO0+2.0*KA1+2.0¥*KA2+KA3)/6.0
1000 CONTINUE
FPIN(J)=G(N)
TPIN(J)=T(N)
IF(ABS(FPIN(1)).LT.0.0000005) GO TO 300
IF (J.EQ.1) THEN
HGUESS(2)=HGUESS(1)+0.001
AGUESS(2)=AGUESS(1)
ENDIF
IF (J.EQ.2) THEN
HGUESS(3)=HGUESS(1)
AGUESS(3)=AGUESS(1)+0.001
ENDIF
1001 CONTINUE
IF(INTR.GT.100) GO TO 200
DEFVF=(FPIN(2)-FPIN(1))/0.001
DEFVT=(FPIN(3)-FPIN(1))/0.001
DETVF=(TPIN(2)-TPIN(1))/0.001
DETVT=(TPIN(3)-TPIN(1))/0.001
DH=(TPIN(1)/DETVT - FPIN(1)/DEFVT)/(DETVF/DETVT-DEFVF/DEFVT)
DA=(TPIN(1)/DETVF - FPIN(1)/DEFVF)/(DETVT/DETVF-DEFVT/DEFVF)
write(6,9999) INTR,FPIN(1), TPIN(1)
9999 format(2x' Iter. No. =",J4,' F prime infin. =", F10.5,
&' T infin. =", F10.5)
HGUESS(1)=HGUESS(1)-0.5*DH
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AGUESS(1)=AGUESS(1)-0.5*DA

INTR=INTR+1

GO TO 100

200 WRITE(6,2000)

GO TO 7777

300 WRITE(6,3000) INTR

7777 CONTINUE

WRITE(1,4500)

DO 7000 I=1,N,10

ETA=(I-1)*DETA

WRITE(1,4000) ETA,F(I),G(I),H(I), T(I)

WRITE(2,5500) ETA,G(I),T(I)

7000

CONTINUE

WRITE(1,4280) A(1)

WRITE(6,4280) A(1)

WRITE(1,4281) H(1)

WRITE(6,4281) H(1)

CLOSE(1)

CLOSE(2)

STOP

2000
3000
4000
4250
4260
4270
4280
4281
4290

FORMAT(" ***#*#ik% FATLURE TO CONVERGE *###isstr)

FORMAT(' VELOCITY FUNCTION CONVERGENCE IN ',I5,TTERATIONS')
FORMAT(5F10.6)

FORMAT(////)

FORMAT(' INPUT THE VALUE OF THE PRANDTL NUMBER THEN )
FORMAT(//,) PRANDTL NUMBER ="F12.3,//)

FORMAT(//,) THETA GRADIENT AT WALL ="'F9.3)

FORMAT(//,' F PRIME GRADIENT AT WALL ="'F9.3)

FORMAT(/,'SIMILARITY SOLUTION FOR FREE CONVECTIVE FLOW'/

$'OVER A VERTICAL ISOTHERMAL PLATE',/,

$ Al
4500

5500

)

FORMAT(' ETA F dF/DETA D2F/DETA2 THETA")

FORMAT(F10.6,, F10.6,',,F10.6)

END

st sk sk sk e sk sk sk s sk sk sk sk sk skt sk skeske sk sk sk sk sk sk sk sk skesk sk sk sk sk skesk sk sk sk sk sk sk stk sk skt sk sk sk sk sk sk skt sk skosk skl sk sk skosk skokoskokoskskok ok

*

RUTTA-KUNGE SOLUTION ROUTINE FOR VELOCITY

sk sk sk sk sk sk sk stk sk stk st st sk skeskeosk stk skoskok stk skesteske sk stk skoskok stk skoskok skokok stk skokok skokoskostokoskoskokok ok skokokolokostkokokskokokesk

SUBROUTINE RUTKUN(F,G,H,T,KF,KG,KH)

REAL KF,KG,KH

COMMON DETA,PR
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KF=DETA*G

KG=DETA*H
KH=(-0.75*F*H+G*G/2.0-T)*DETA
RETURN

END

sk sfe sk st sk st stk steske sk stk st stk st sk stk st skl stesk skesteske sk stk skeoskok stk itk stk skokokoskokoskokokostokokokokok skokoskokoiokokoskokokskolkor sk

*  RUTTA-KUNGE SOLUTION ROUTINE FOR TEMPERATURE
st sk sk sk sk sk sk sk skesk sk sk sk stk sk stk sk sk sk skt sk stk skok sk sk sk sk skt sk skt sk kot stk sk sk ks stk sk stk skokoskoskokoskokok sk skokoskokskokorskokok
SUBROUTINE RUTTUN(T,A,F,KT,KA)
REAL KT,KA
COMMON DETA,PR
KT=DETA*A
KA=-0.75*PR*F*A*DETA
RETURN

END



