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HEAT REMOVAL FROM STEAM ENGINE/HEAT REMOVAL/
HEAT REMOVAL WITH THERMAL CHIMNEY/THERMAL CHIMNEY/

SOLAR CHIMNEY

This study involved the application of “thermal chimney” in removing heat
from a steam power plant. This system employs air as the medium to absorb heat
using a surface heat exchanger, coupled with a natural draft of heated air through a
tall chimney. The working principle is similar to the solar chimney power plant except
that heat addition is due to the released heat from a steam power plant. The system
has several advantages over the traditional circulating water system especially the
reductions in both operating and investment costs; but if not properly designed it may
cause the power plant to be less efficient. In this study, mathematical equations were
constructed to model the system; they were first validated with CFD modeling before
using to predict the various system performances and effects of design parameters. A
power plant of 100 MW power output with a thermal efficiency of 40% was used as a
prototype of this study; and the baseline for the thermal chimney was a straight
chimney of height 100 m.; while the vapor tube bundle was an in-line type without
fining. Design parameters that were investigated are: tube bundle spacings, tube
diameters, tube lengths, air velocities at base of chimney, chimney area ratios and
ambient air temperatures. Finally the total costs of the workable systems were

estimated and compared for the various system parameters. The major finding of this



research is that the expanded chimney (top-divergent) can significantly reduce
chimney height while increasing air velocity at the chimney base, thereby reducing

the system cost.
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(VDI Heat Atlas, 2010)
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U, a In-Line
a-1
V. =< U, % Staggered: b >0.5(2a+ 1)1/2 (2.16)
y 2
% Z(C—l) Staggered: b < 0.5(2a+1)
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14
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Diffusivity: k / pc ;)

HC,
pr=27° 2.19
T ” (2.19)

J 4 I @ { o v Jo o 1 1
4) 7aVD0YLad7 (Euler Number): WuANaINFUNUTAVOATITIUTEHIN

[

= [ Yan o 1 d‘ 9 ] 1 1
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Lg=(2x,)Hg Prdt (2.22)
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s lva tazdnunIveIne N, @135 UauMImIuINMIFYFen1INAY (Pressure Drop)
WNUINVAYIM g Fennuauazilsiu Taeassiusuiuielavesie N, 1azanus,
voams lnasniideaes igmediudulszansdfuauiesnnnansznuvess e
wazdulszaniusudeamuiignuanalieglugtvesnsl ffluilaiduvessnumens

MFIVBIBIAZANANSE Tuad AUNSAILIMMIIIONANNS BULATMIFYTEANNAUVDI

'y v

v 3 A o Y] ' ) .z 3
Zukauskas Lﬂuﬂﬂ@u‘iﬂl!aggﬂi‘vxﬂuﬂﬂNﬂ'JN"U'JN (Shah and SekuliC, 2003) LUAUBDITNAUDN

A

N5 1H9UAUN15909 Zukauskas DgATINNITAIUIUNITFULTOAIUAY 1HDIDIN

T W a Q‘f = A o g‘; 1 = o 1 9 Y
mauﬂimmu,ml,ﬁsmmu‘nmmuauuagiugﬂmmfmw FIAIVINADNT B hlﬂiJ\ﬂu
=1 aw A o Yy ' o 9 Y 2 ds!
ANEYIIYUINUY LW@WW]N%Tdi?flJﬂ1'iGlfl’i11ﬂ’]13JLLiJuEﬂLLﬁ%ﬁHﬂiﬂl‘Bﬂuulﬂﬁ%ﬂ’)ﬂﬂ\‘l"llu

o [} [ d o [ o [
Martin (2002) Iéinausaumsanudunusamsuldmuiamsoemanudeunuy

=S

H rd 4
Tnd Aardudszd@nsnisomemanudougndruirnuiaindulszansnmsgyide

A1UAY (Hagen Number: Hg) WA UINI91091UIT8U09 Gaddis and Gnielinski (1985) %4

[

g 2
AUNITVDI Martin 11 UaaTl
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Re+1,000
Hglam + Hgturb,i - €Xp 1- 2000 In-line
Hg = . (2.24)
Y Y . | Re+ 200
+ _ —
glam gturb,s €xXp 1’ 000 Staggered

Taeh

(b" ~0.6) +0.75

a’ (%b_@
T

A1 Hg,,, Tuaun1s 2.25) 19§ mTun15219M0uuY In-line a2 DD Staggered 1105 i

Hglam = 140 Re (225)

b>0.52a+1)" dmiunsain b<0.52a+1)" Wuldeunn a* fu ¢

Hgturb,i = ft,i Re! """ 4 ft,n Re’ (2.26)

0.6(1-0.94/b)"°
(a—0385)"

5 f, = {0.1 1+ } 10" g 015(a=1)(b-1)

1.75

Hgturb,s = ft,s Re + ft,n Rez (227)

B f, =1.25+L)1_08+0.2(b/a—1)3 ~0.005(a/b-1)’

(a-0.85

A1 Hy,,, . Waums 2.27) 191unsdin Re<250,000 d115unsail Re > 250,000 TriFnoa

Re— 250,000
10 ( f . Re'”+ T Rez)'(H—j
’ ’ 325,000
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[

dmsy f,, Tuaumsi 2.26) ez 2.27) Fudal

1 [1 1) Ty S<N, <10

2 (N, 10 waz b>0.52a+1)"

t,n = 2 .
N 1 M3 U S<N, <10
a(a-1) | \N, 10

ez b<0.5a+1)"?

f

(2.28)

uazan T, whdugudiile N, >10

AUMIANUFURUER (2.24) 19830 1<Re < 250,000 taz N, >5 Feausaldld
Wan3dl In-Line 1A e Staggered: 1.25<a<3.0uae 1.2<b<3.0 14d1%51Un5al In-Line
Az 125<a<3.0, 0.6<b<3.0 uay c>125 1@ m5un3al Staggered Y1V INDH 14
nAaes 7.9 <d <73mm. FsAuay Hg ‘ﬁ“lﬁ‘fymm”lﬂl%’ﬁmammmiqtyg?mﬂ:1m¢°fu“luauma
fi 2.15) del1l

[

o o v w JdA o o 1 9 < -
’ﬁ’n’ii'lJ'ﬁMﬂ’liﬂ'J13JﬁllWu‘ﬁﬁﬂWUﬂm@@i’]ﬂ’liﬂTﬂlﬂﬂ31Ni@u l‘]J‘Ll@Nf!

Re+1 "
0.404Lg""” (—) In-line
= Re-+ 1,000 (2.29)
0.404Lq"” Staggered
Tagh
1.18Hg -Pr(4a/7z-1)/b In-line
Lg=40.92Hg- Pr(4a/7r —1)/C Staggered: b>1 (2.30)

0.92Hg - Pr(4ab/z 1)/ (bc) Staggered: b <1
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aun1sn 229 1¥d 115U 1<Re<2x10° 0.7<Pr<700 2<N, <5 lunsal

In-Line 18z 4< N <80 Tun3fl Staggered 1.02 <@ <3.0 Hag 0.6<b<3.0 vuavoInon
T¥naaed 79<d <73mm. F9aA1 Hg Arul1naun1sn 2.24) uazanav Nu 918910
aumsh (2.29) i i 1 1Fmuiansarmsoremanuieuamuaumsi 2.17) waz (2.13)

ANAINL
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mshnuesszuuinlasu linngaeenuuy
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1) msnaaenlsunsu ANSYS CEX-12.0
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4
YoinInsMas o
) 1 F
3) mMIsaeens maluszuulassaniou
4) 15310804015 1M ANALNITOIEINAIINSOU YBITLVUTLV18AIINT 0 U
F) 1 9
aluilasvsauiou
5) mItiasransznuvesdnzmIiuasullvngasenuuuvesszuy

y 9 ' v
sZINeANNTOUAIIUaRIaNToU



36

3.2 ﬂ]iﬂﬂﬁ@‘uiﬂﬁ!!ﬂﬁﬂ ANSYS CFX-12.0
dda! A Y o v
manaaeuTlsunsy ANSYS CFX-12.0 Byuioadesanuiulalunnugndesves
wamuan laan Tdsunsua neunaziinldldsaeams lvaludassansousss dwmsvuls
= = [ o o a P 9 ds! = a 9
W eueududunaiIuIgNLLLIIaDINNANAMaAs Nas 191 Faauasad Tusunsy
I 1 s ~ o 1 Aq ¥ 9 = a v
gnnaaeunnilued1ed neunazihosngaaianldauludugaamnssunagmsdnyive
o ' Y v S A A & 9 Fe v o
Mpe19n 319919 uaeda lsnamamuauiu lalumsle Tl sunsy uiiae Idimsnaaow
Y Y
Tdsunsunudyninseaesdifiugiu “n1swinnuiousssumaruuiudoulunulng
v Y
(Natural Convection Over Vertical Plate) ﬁﬁmwmmwamammumﬂﬁ’ INUUIZNINIGINDD
' 9 9 g’/ = v Jdo a =}
m3 lvaluszuulassaviou wiounulFoufisunaansnuaumsFangug
' A9y Aa o o A m ya 4
namsnageunua111sunsy CFX TveAawaiadinny e 1sunsylildnnsanwed
[ Y [ o @ I o
WHIIUAREAI (gpv) Tuaumsnasnuuesnstiaeslaynissaoedd Humeldwadiuan

a a zé Y o = 1
NANNUNANATA cwﬂz”lﬂmmuaiuswazmﬂme"hJ

3.2.1 MIWMIANNZoUTIINT AU U3 o U] HIUIAT

msnadoulilsunsy ANSYS CFX nudnin1sniniusousssusaniu

a 4

] ?z’/ o a 4 {
urudoulunuas mosinaus 1udrludnerinusves wia1ssa noaly 2546) N84
4 A I~ PE & S v { [ i <
Tasunsy CEX-5.0 1iipann Tdsunsun s luamideiitumessunluuni (CFX-12.0) 99
v a [ g’z Y o R Y o v = [ dy % = g/}
HANANMINANNDAUAT ATHUGIVET Idnmsnaaeu Tdsunsunulyrufeanuiisidnas

. I A @ o 1 =
gatlumanunnuens 1 llsunsuvesdisenoums laau TasdSoe

U

Tumsivuaveua Tamuvealaynl M1501Us (Mesh) 08903 1HUAA1
Fou luveuuan1d 9 (Boundary Conditions) 32103120 4ANITAITAINUAAIAI 9 DT

o I Il 0 A 4 o Y1 A 1 vy 2 dy A 4
HAANTNUUUIINGA (WIEIT9A ‘VI’[’)\‘]TU, 2546) uamzmﬁuﬂhmmmﬂuma VIQULW’E)GLW

v @

Y o 1 dy = tﬂ' = A a 9 a 1 é
aszrulumsinaueluaiuil s1waziBeadu o ansadau ey ldananuideainan ¥
o . ) . .
msnaaouTUsunsuludrunaziuaziilunissiaoans malu “dassaudou” Nz ld

Y [
FirudnnuAanataelsemsvesldsunsua Feag Iaunausluiidoeda 11

9
anpazvesdymmsmanudousssumamuunuioulunuiasildnesan

a ]

F4 v H
il azimualdquugiivewruiewminuaasanauny (T,) NlA1gangungiiveseinis

G

Y
59UUBN (To) HAVINANWIANAIVBIgUHgh IR Imalndududownams lnasesdiiu
9 Y

% é dy a % a =
(WANLTIDDYN) Fans Inatiazina lusurlung (Boundary Layer) Lmzﬂmumummmm

namasuiuaselanlonssuITa1uiaiiou (Similarity Method) (Kays and Crawford, 1993)
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H Y 1
maranlFlymriinageuTusunsua aouvziili 14 1aeims lvaluszuulassandou
Y
do na'lnms malumsaestamdunuu@edrsu (msmanudousssumna uazidumslva

1 2
Tunuads) tezmarasnlszms Aedymbannsommamasuiuasela

Y
v Aa A

1 Y
gﬂﬁ 3.1 GI)'“LJGI)'ﬂN’J'UNﬂlﬂﬂﬂi‘gﬁ?ﬂﬁ‘lﬁl”lﬂ?'m%lﬂu‘ﬁiﬁMGBW]NWHLLNU%@uiuLLu’JﬁQ

3.2.1.1 msdiavstfyrnmiuiounalilsunsu ANSYS CFX-12.0
Tosunsu ANSYS CEX-12.0 @ TdsunsuilFlumsudaumsarunu
(Governing Equations) v8417ayv1n13 lnafieglugileauniseywusdos (Partial Differential
Equation From) #28n5354351/33103310@ (Finite Volume Method) 11 3 3@

1 4 [ 4
aumsaNuaeLied (eYINHLIA)

%—’?+V.(pU):0 (3.1)

v " @
ﬂ'iJﬂ'ﬁ@klﬁﬂ‘HIiJuJu@iJ

a('gtU)+V-(pU®U)=—V-P+V-T+SM (3.2)
T
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v ¢ o
TUNIDYINHWAINIU

o o - - — — - — - —
Wlho) P . (pU. b)) = Ve (kUT) = Ve (U 1)+ Us S+ S (33)

5
4 2
(§i0 by = h+ U

Aq Ya 2 IS A o J [ @ < @
ﬂiyﬁ’]ﬂchfwfﬂ']im']uﬂglﬂuﬂ’liulﬂalu@\ji]’lﬂlli\iaaﬂﬁg W%umﬂﬂwaﬂxﬂuaﬂﬂﬁ’mmﬂuﬂ\‘]

4 : - 4
aumsi (3.4) Faaggaunulunad S, luagumsi 3.2) naz 3.3)

—

EM :(p_pref)g 34

m3tasalyvinlszimmnms lnasdeussaseda TudaTisunsy ANSYS

9y o

CFX-12.0 3¢ udianaussaseadlviiaenlded 2 iuudians 1aun Boussinesq Model 11ag

U

9
% = 1

Full Buoyancy Model F411UU31009N9@0992UAIINAINAY A0 HUVTIA0ILUULTN
(Boussinesq Model) 9ztvangdmsuilgyvinaanuvuiuiulasuulas iuminauaunse
1 1 1 = X 4 { [l

dszualdnanurusiuldnasunlas Fannivesnmsulasuutasanumuiniulu
A I y [ a £

aunsii G.4) vegnlszinauilu (p-p, )2 -p, B(T-1,) 1ile g Aodulszdning

v A o oA o =

mﬂwqumm%u (Volumetric Thermal Expansion Coefficient) NaaWﬁﬁWmmmumamﬁ

A U ] g’J 1 v g’/ " v W "9 A Ao 9

A9 MANUHUIHUN Taw v ymazmmnun Tamuraz NN UM 19eInmMrua 1y

[ o 4 H ]
(D) AMuVBTIA0Y Full Buoyancy Model narivosmslasuutasanuvuuninluaums
A a v o a A A I
1 (3.4) wrNnsanamuanyduiusvesguvgitazanuaunnlaeulyl o ldawaums
{ o I ] a X ° {
@01U2 (Equation of State) ¥o9o1meanivualiiluundgad) dalunmssiaesdymil agld
o (] . A I ax A v W ]

HUDT10159a08A 1T/ UV Boussinesq Model 111039101 1351A 8NN UNAmAgLLNUAT
Aq Ya o 9 LY

vouua Tauveayminlenasan fvualednnuenivosnuioy

MR 0.1 m (ReAY x) tazaNe lufinassuiudou (Aauny y) 1IN0 0.1 m 13U

o ! 4 a J aa

(#9317 3.2) 1e991n T1l51n 0 ANSYS CFX-12.0 eu1503a5 1z Idnwizdynilu 3 §a

v Y

1 3’, 1 a A = aa [ g’l Y o A
MUY Lmﬂammwmimmﬂuﬂtym 218 (x,y) AIHUIZTADIMHUAVOULUA LAt U 19

e

a Y Aaa A Aaa = a o Y 1 3
w1 34a Tagn1sInuNAAIINEAN NALNY z) wagn1vualeininy 0.001 m

'
a

& < A R A v g & Yy o
B35 U1V (Plane) maaﬂamaﬂmwmungﬂwmmﬂmﬂu Symmetry Plane B9 IR HAANT
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1 (Y] (% o Aan { Y a L 1 [} [
IMIAUAUNITTIA0UY 2 BANNUT2Ms vinaveua Tamun lEnasantiagminuny

9 Y

4
N5a1550 noaly (2546)
-d' 9 ) v A 9 def
YUIAYOUNY (Mesh) N5 Tunisdviuluasatignasiavuain

;
) . , .
Tisunsy “ANSYS Meshing” Taga 310 umsnnud@imasugnuian (Hexahedral Mesh) i)
AU TUNANIG 2 10D 110 1z 1rua 7S IUIUNTNIUUINY X (N10D 100 (UY
A58 NUAND LAZAIMUA THIIUIMNFNIUUILAY v INIAY 200 1% VS 1nd
)] ~ 1 I a 9 o 1 I ] ~ [
urudeumsazianumunuduumes Taslddadinuilu 100 mvesusnsze: Ina aaeaas
- 1 ~ ) =1 U { A A 4

T3 3.3 1019 9 NAMUAIzaZIBIANINNFNANGAVDI WIAIT3A NOATU (2546)

v ' o A J A 4 o 1 v 1
(1ﬁ’waawmmuamqw) AAIABWSN 19 TIUIUNBNIUUILAY x FLUIANITDUN U

UAU y 3SINU

T

1

|
\/ T, = 300K
_______ P, = latm

51 32 yuavesTanuvealgrimuion n1slunissiaesdie CFX-12.0 (z=0.001 m)
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517 3.3 wyvoalymurudou AlFmulaaie CFX-12.0 1R 100X200 1%

G

(20,000 BLALUA, 40,602 THuA)

mamviuaa v lvvoua ludaa11501n51 ANSYS CFX-12.0 9211
A 4 Y Y A ) o &
yiauadou lvueuaniriua 5 Usznn IdenlFauanuminzay aail
a3 ) 1 g’/
Inler: Wumssmualdvedlva lva Tawu lamniu Tasvea'lva
E) ] 9 ~ o
Meuenay Inad Tawurmusunivua
< g ) v 1 &
Outler: 1 umsmuualiveoalvalvasenainTawuldiminiu Tae
vodlnamelulamuag lvasenriudiunmuua
. & ° = v Y A
Opening: Humsmvuaneen1ives lva lvaivsessnainlawy
I ¥ ' Y Ao
Ald Tagrudunmvua
< o vy o & o '
wail: Wlumsmrualianiu q Jauauiadumis Tasves lvase b
' Y A Yy Ao ]
150 Iarus I seonand univua'ld
I o g’/ o §
Symmetry Plane: \Jun1ssinualiaiuiy q sinvminnfSeuaion
9 1 wAa 1 a d‘ o 9 Y]
nIzanazRounInuaniaae q uaznganisuvesns lvanieluTamuidiuials Tuds
F) 9 F) A o = & VA o A a g o [
auaseuvesdunivua Fuiumnminu Geulvveuwastiativzmuizdmiulym

A 9 A Y o o
PuaNvavwes lanelvlszvdanarlumsaiuin
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gi 1 a = =) . 1 Y
meluSoulvvevivanaazstinaeiniaasn (Options) A4 9 14

A 9y d’ = d’ a g’./ =) o % o [
Lﬂﬂﬂi%LW@LLﬂﬂL!ﬂﬁiWﬂ@%L@ﬂﬂﬂ]ﬂﬂlﬂﬂullﬂlﬂjﬂﬂlﬂlﬁﬂfu@uu 9 ﬁ\i]l‘ljﬁlﬂ AIHIUNITNIUUAA
i1 9 Y
Soulvveua veelarinsnianuseusssumamuurudoulunulas fivuadail

(War3angin 3.2 senow)
A a 19y o PR 5 . .

o WuAveusuFoU: Myiualiilu “Wall” uuu No-Slip Wall > Fixed

[

v 9
Temperature W3OUMHUAAQUNYAININY 500 K ANunIene ves lnandanuszuuiiaz

=

= . .. ] Y o o A a
1siauTaa (No-Slip Condition) agin115 NNIAVFUE (M1T9HgALL) LAz gUNYUAT
] Y ]
AU UAVONITEUIVINA LA UA
v v oy ° v g . 9 ° !
o MUATIUINUANTEN: 11U 111U “Opening” WTOUAIHUAAT
o o v Jd 1w d A g}J [ o 1
AMNAUTIV (Total Pressure) AUHNTIMAVFUS NANIINT IHAAININAVTZUI Hazivuaa
Opening Temperature 11111 300 K (1A UAUMUALU090101AToUUDNNT282 1na; Tyy)
A v Y A Y= Y )
anunIene seuvszeeonliveslva lvahnseeenainszuiunla sedvesIvalvarih
[ I [ Aa 1T W 1 .
Tdsunsuazidenlianuaudunuuanuausiu nazguvgiin lnari1aziminua1 Opening
A o I A v o a
Temperature NMYUA tazynums lvasen lusunsuszidenanudwiiuanuduann uay
a Y o ¥ = [ ~
ganniaz1¥n15152119 (Interpolate) MMBIAINUAND U U G luszrInanlszurana
Tdsunsuaziinsanaenlied1sen Tusia
dy a g U o Y I . s 9 o J
o WuAIA La19Yed Tai: Mvualiidu “Inlet” Wioum1vuUan
v
anuauswdminsmnugud Aamams luademniuszuny tagfmuaaiguugiimiiy
A Y} A A 2 4 ¥ 9
AIIAABNIDUUDN (300 K) ANUHUIYAD NI UIUUITUDINIALIAADN (Ty) Tvartunlu
4 { { % 1Y 4
Tawu tiveunuiemasoui lnaasesdaeon li aungeysniuig
dy a gy o Y I 5y 9 o 1
o WuAInuULYed law: mviua iy “Outlet” Wioumvuan
9 1 A
Aanusuadaduintmnugud tazliianiins lvadininnuszuy anuvueie Aszuuil
AMANVAUILMIAUAVANNAUDITHMANTEAVANNGININY

dy a o.j:/ 4 d’ai/ @ ° Y ¥ <
o WUAINTBIATUAAIRINAVUNY z: MK UATHTEUIUN o U U

“Symmetry Plane”
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o d o g’/
3.2.1.2 waansoinmsiasstavusuIoulunnds
Y
mstaesdyminmsmanuiousssumamuuiuiouluuuias dae
1 1 { o < v A 1 o & A
T15un51 ANSYS CFX-12.0 A1614 ) Avualaiudannainviedu wadwinlaainnis
o v = @ ] v A A A g o
$1a04 lagnuaasnafSeufisunumamasiuase ashnaaslugili 3.4-3.6 Miuwadiuom

1 a <3 a 3 Yyaa o v R o Yaa 1 I o dy
ATYUNHN AT Llagquﬂ“N-ﬂ'ﬂNﬁ'JulﬁiJ@ AU “BQGI'J!L‘]J?UIJNGWHQ 9 1Wuaen

i 1398: 0 ()= L —Le
T,-1,

w o]

A 13Namanu x: F(n) = u
/Bg(Tw_Too)x
1258 5 = Y 05
ANueNlsua: 7 ==Gr,
X

' v JAy Y = Y o Ao
WNUIHAaNSN 19en Tsunsuag nudeandesnudnunamay
HNUATI Az NAIN NN UGIgAYTEUIU 0.204% 1Az 1.664% VYDIHARIUIVAIQUKYNIAY
< o w o Ia o Y Aza v o
ANITY MUARY Lagkaans i lnnmatiaesluasiiiniinnudoandosnunatinouns
¢ o o Y= Y1 v
W3A155A no9ly (2546) runu aeuudeasaazllan waansainTusunsy ANSYS CFX-
= 1o o A o YR o Y a o ' A °
12.0 Banuudud luszavidniogenivla s ldinaanuiuleneuiszii llsunsy

ANSYS CFX-12.0 Td1931a09ms lvaluszuuilassandouss 1
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500

480t Exact solution | |

° CFX

460

4401

4201

4001

Temperature (K)

380T

360T

340

320

300f

0 0.002 0.004 0.006 0.008 0.010
y (m)

37 3.4 waAIAAIQUNYUIN CFX-12.0 (NBUABNAIRABLIUAT (Pr=0.711, x = 0.085 m)

Rl

0.5

Exact solution

o ° CFX

0.4

0.3

02f

Velocity (m/s)

0.1[Y

R
Qn
QQ
QQ
2
.....

0 0.002 0.004 0.006 0.008 0.010
y (m)

51 3.5 wafmuIUAINNNEIIA CFX-12.0 ivuAonamasiuasq (Pr=0.711, x = 0.085 m)
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1.2 T T T T T T T 0.6
ﬂ% — Dimensionless temperature: Exact
2 1.0% 09 o A Dimensionless temperature: CFX |10.5
£ ¢ 3 z
g 9 QOO """ Dimensionless velocity: Exact 'g
= 3 ° )
E 0.8 % ©  Dimensionless velocity: CFX 104 2
)
P X Z
z :
g 0.6 ‘g
= =
= -]
S E
E a
2 04
0.2
0.0
0 1 2 3 4 5 6 7 8

Dimensionless length parameter

a

A o 3 Jan Yaa
E‘IJVI 3.6 Namuammmﬁa"lnm LLazqmﬁgﬂiumm CFX-12.0

MeuADHAMagLIUATY (Pr=0.711, x = 0.085 m)

3.2.2 HAUBINAINUABLAINDANNUNUNVDINMIAUIAUM3 IHar v )desanZou

msraeams IvaluszuuilassaudeuFadnay (CED) dre11/50n515 ANSYS

=

4
CFX-12.0 Hwiie Ignamsfmuionsiamy sre8udumamiuininmssiassszuulaoan
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4in Qin

Yszansmmainnuiouveainging: Mn =



56

[V
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Steam = 60 °C J_
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Heat-transfer path length
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1AZINAUMS Isentropic EMTULAARANAR

Bp =Rp;" (3.12)

] A = Y
2) fﬂﬁ111’?@1WWH!ﬂﬁ@QLLﬁﬂLﬂﬁﬂHﬂ??Mi@u 1-2

A T A A 9 Yo v Y <L
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] a
FUNMIADIUE (Equation of State) VDIULN QAN

5 _ DB
— (3.14)
pL pT,
uazauMIoySn Tumudy
+ .
(R_Pz)Al_MghAl_lKﬂxprlel :m(Vz_V;) (.15)

2 2
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P =pRT (3.17)

1] 4 o [y d' 1

HazINAUMIOYTNHNIA dmSumMs Inauvun)deuuilasnnuruiu

m= p AV = p, AV, = p; AV, (3.18)

{ o o 1 [ ] I
quUNIN (3.18) usaeuuend1vsums Ivalutlaesanluuaazese Tailu

PAY, = p, AV, (3.19)

PV, = pAY; (3.20)
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10.6(T

10.4 W

10.217

10.0[7

Variable Value

9.6

50

100

150 200 250

Accumulated Time Step

Monitor Point: AveVelocitylInlet
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A o 1 ° ' < A A 9 A
Eﬂﬂ 3.21 AIDYNWAAIUIUAIANITULI URAIN NNV ﬂﬁmﬂa@\jﬂﬁﬂ 100 m

A13197 3.1 Ve Tamuvesaosad 1 99 Axis-Symmetry 119 1umsmuIauBId1ay CFD

(uV1a9903IVUIANNNGIANY)

* h h+H
Cases Note
(m) (m)
Model 1 3 50 14,440 Elements 29,760 Nodes
Model 2° 3 100 18,240 Elements 37,510 Nodes
Model 3 3 150 22,040 Elements 45,260 Nodes
Model 4 3 200 25,840 Elements 53,010 Nodes
Model 5 3 250 29,640 Elements 60,760 Nodes
Model 6 3 300 33,440 Elements 68,510 Nodes

UYL E A, =618.9 m?and Q =150 MW for all cases

*

*
. Reference case
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M13197 3.2 VA Tamuveandal 1 99N Axis-Symmetry 119 14M3AUIFIA QY CFD

(apauginsannany Ag 100 m)

. h h+H
Cases AR, AR, Note
(m) (m)

Model 1 1 1 3 100 Reference Case
Model 2 1 0.25 3 100 Chimney-Convergent
Model 3 1 0.5 3 100 Chimney-Convergent
Model 4 1 2 3 100 Chimney-Divergent
Model 5 1 3 3 100 Chimney-Divergent
Model 6 1 4 3 100 Chimney-Divergent
Model 7 1 5 3 100 Chimney-Divergent

ALY (I H

E A =6189m?, Q =150 MW (18,240 Elements 37,510 Nodes) for all cases
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Hewdganyalvesdalsiania o Tugii 3.22 dludai
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St Ao srezraveans lunuuIaInInAuMSs Iva (Transverse Pitch of Tube)
S. A9 FLETHI9TLHINMAIN n NULDIN n +1 (Longitudinal Pitch of Tube)
d fio vinarduruguinaavedo
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o o J v aa v v ' o 1
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NUIUVDIND Iun I 1a 9 (Ng)
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YUBIANNITINN TuUUISAL (0)
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0 (3.24)
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3.5.1 mMsmuIums ivarazmsuaniasunau3eu uuu Cell by Cell
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I g’/ ] 1 1 %’ H v W
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01 uagnws I laduaa i lsaunaes luunatiy 9 Gemsgaudennuausivaaon
] g
M3 lavzoniuwasvvesmgadenua udesnaum 1a luudazund ” aaiu mMsmuin

! v = 2 =y yq yan ° & ~ 2
ﬂ'lﬁllﬁallagﬂ'liﬂ15&%931“5@”1“ﬂ13ﬁﬂﬂ1u ﬂ\iUlﬂcl(’]f'rﬁﬂ'lﬁﬂ']u'gﬂ!!ﬂullﬂﬂﬂaglcﬁaa

(Cell by Cell) @317 3.23



72

00 0

T, i i i
o O
i 5 Simplify to |

=

anoy

A o [ 1 1 a a3 1 1
517 3.23 matmesmsdanengunenuulnd Tridluuuy Cell vosnguuno

OO TUIGITAITAIUIMLLD Cell by Cell

110317 3.23 9 WUAINTUATIZHUDY Cell (1 Cell TND 1 1102) VLADININT
A 2 A Y Yo 1 dq ga S 1 o o '
WS IINNRI90 1107 e ld lasuauned 193n5 12N DT 11IUNBYD9 Tube Bundles

a a Jd 1 o [ g
§9FY miamswwmﬁ"l,wauazmﬁmammm%’au 1YY Cell by Cell ﬂ'"l‘JJﬁﬂﬂi%‘ﬂﬂ@gll Al

=Y
aE é‘g\%b y

Cell,
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~ 1T @ Ay Ay
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Y o

9 v Y
TADIVNIADITUNITNINUA 4 TUNIT “?\‘1ffﬂiﬂiE‘lihﬁf]\‘lklg]}%WﬂﬁiJﬂW'iﬂ’JUﬂiJﬁquu quUNII

@ J v Y4 @ A d (% A
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aumseyinyula
m :pi(LST,i)Vz =P, (LST,O)K) (3.27)

o v od o
ﬁ'llﬂ"ljﬂ”liﬁ'ﬂﬁl?uﬂ?”lil%lﬂu (@HiﬂHWﬁ\NTM)

Oy —tic, (T.-T)=hd_, —Le=T)=(L.2T,) (3.28)
" {(1, 1) (7, 1,)]

w

s Y ~ < 7 = v
WatganeveIdun1sn (3.28) tunsvesnisuamiasuanusounyy
9 A W a QOJ 9 A o 9
wanuieu Taenmdulszaninmsmanuioumnas (4,) ansadiwialaninaunisves
. A o w = ' I Jd o '
Martin (2002) Tuaun159 (2.29) uag (2.17) auaray ¥3a1 4, atluianduvesniay
o 4 U [ 4 1T aAa o 1 1 T @ a £
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Staggered) HazAINEIUANNT oUTWABIMA IATUILNINUHNATINVBIANNT DUNDINA
1851 Tuusaz Cell

o [4 o
FUMITANAANINNAY (ﬂyiﬂyzﬂlﬂuﬂﬂ)

P—P =AP, L) (3.29)

rop,cell = d 2

watlganouosaunsn (3.29) iuaumsmsgadonnuduvesns lnaniu
Tube Bundles U9 9 Gaddis and Gnielinski (1985) Tagnf1tav Hagen Number (Hg =2f Rez)
oI 1a9InNaNMIU0d Martin (2002) luaumsn (2.24)

24 a
UASAYMTADIUSYOMNAGANAN (Equation of State)

PR _ P
pszT (3.30)
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A 9 ~ ] Ao 1 v W
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o @ A o [} 1 @ F) = dy Y
uuamlsngalunsua @ aums, 4 aau1ls) vazmsudszuvanms lumsanyiieg 14

Y v
N3TUIATIFIAUAVUDI Newton-Raphson (Stoecker, 1989) AdUUANMITN (3.27) — (3.30) 321U U
[ I [ d' o W {’,’,

InuTuginnuvesannis Newton-Raphson (1 uaaaun1si (3.31) - (3.34) uagdrauiuaey

Y 9w {
MIunNsEUUaNMs 1uasgaln 3.25

fi=0(LS V= p, (LSr, )V, (331)
f,=T,-T,~(T, —Ti)eXp[%;:”"} (3.32)
fi=F-F, —%Hg (3.33)
J AL (3.34)
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° 3 ) {
1) mswanin oo-1 dnua Iidlunszyaumsemngiaeiidsothermal

Process

(X 9

Y] 1 A J A = Y
ammuma’omu@ﬂﬂamauﬂ"lwamzmqmsamamﬂaﬂummi@u

3 Y 1 2 a A o & Y
mvualims lnalusaetiilums lvaupugariglinegd aaiuez 1a

T,=T (3.35)

o0

¥
v A A 1w

VA < ¢ < v & v o A
'fJ1ﬂ’]ﬁu@ﬂﬂa@ﬁmﬁgﬂﬂwu@uﬁﬁﬁﬁﬂ'lﬂﬂ')’]llﬁ')ﬂuEJ Lﬂu Vl @Quuﬂghlﬂﬁllﬂ'ﬁwaﬁ\ﬂu (FL)

Y < [ ~
AuMIANRanNAUII Huasaunin (3.36)

P.=R+3pl +p.2% (3.36)

(5] a o 1 1
HAZauNIaD1Ue (Equation of State) VDUNAYANAE U AUMUIN 1

' A ~ v
2) mi7wawmmimzmmﬂaaummsamm -2

AIAIUIANT Iavaznsuanasuauseulurianis Ivaniuy
1] 1 Y ]
nIeanagunnuion 1-2 W1 asamuIn Iaae35NMIAININLUY Cell by Cell A1 la
o ) = = Y ) a . . .
Wnaue 13udrlugln 3.25 Nazdeeldaun151Han13nAa0 Collection Equation Y09 Martin
1 [ v oA 9 ad o Y1 v

(2002) S2uNU KAGNEN 1ADINATAIUIA Cell by Cell 3% lasdauilse1ma (P, p, T, uaz V)
NAHUIA1 ) HAI00N1A Cell Tube Bundles 574D NN 1900AAT BRI AsuANsoU
f8 (AN 2)

Y
3) mslwadeadariuyineniudi/aesan 2-2

Yy A A = ) ° roA A
2 I1MmAsaUNeanNAToIantlasuaNSo U (MU UIN 2) %z“lwammm

9

9 J , = 1 dy (= o @ 9 A a
Wgaemalassay 27 #ans lvaluriationniaes ludmssundanuanudowuiuay

ee ed)_

v

1 ¥ @ I~ [ {
ums lalugaiiag Idaumsndanudludsaumsn (3.38)

=

0=c,(T,-1,)+5 (V2 -V2)+g

P

L
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aumsmsgudennuauatainiud1lassan ¥o3 Kroger and Detlev (2004)

1

F,-P, :E

K.p,V, (3.39)

tiio F,=h +%p2V22

sy A A d 7 a o A
WIUATUUNUDUBITUNIIN (3.39) L‘]JL!‘INﬁ]u‘U’E)\iﬂ']i@'ﬂJLﬁfJﬂ’J'liJﬂHlH’ﬂ\WWﬂ

dy @ Y 1 o = , 3 [ a ,{ =)
ﬂﬁll‘l”imafJ’Jﬂ’JﬂlEN’EﬂﬂWﬁ!‘lﬂQ’ﬂ@ﬂﬁ’t’N (MLNUIN 27) e Ki L‘]Juﬂ"lﬁllﬂﬁzﬁﬂﬁﬂ"liqmulﬁﬂ

[ d' ' é =Wl % o v = ! D2 .
ANuAUNABIADY FIUAUMINY 3 d1MTUNINVeIUas —= <3 (Krdger and Detlev G., 2004)

FUNMIADIUE (Equation of State) ﬂJﬂQLLﬁvﬁQ@]Mﬂa '
h __b (3.40)
pT,  py Ty
uazauMIeySNHLIA
P, AV, = p AV, (3.41)

1 0 o Y < .
4 mslvaluilaesan 2 3 FvualinilunseyIuns: Isentropic process

[ 9
fvualivernian luvalugalaesaniluns Inanuy Isentropic A1

o < o !
ﬁ]gulﬁ]ﬁﬂﬂ'ﬁwaﬂ\i']ulﬂuﬂﬂﬁllﬂ']'iﬁ (3.42)

k (B Vy, k(P v}
SN (0 P TR T B 5 42
k—1(pz,j+ 2 k—l(p3 retts (3:42)

d' = U 1 9 1 a = d‘
L‘L!’E']\‘]fl]'lﬂllllilﬂ'lﬁﬁ\‘lNTUﬂ’N‘JJﬁ@uGl‘L!‘]JﬁﬂQLL'ﬂZVlNﬂ@ﬂ?igi‘glﬁ'ﬂlﬂ@ﬂﬁﬂﬂ
A [ g’z o A Yo a a 9 9 % d 1w I
ANMUAA @N‘L!uﬁi]ﬂ']ﬁTiJLiJ'L!@]N‘V]llﬂﬁ‘]JﬂTi’f)L!“l/lLﬂﬁﬁLLa’J fﬂ%ulﬂNﬁﬁWﬁWl'lﬂUﬁiJﬂ"liWﬁ\N'lu

W lidluaumsnitudase
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) [ %) a
@UNIT Isentropic AIHIULUNTYAUAA

Bpy" =Ppi* (3.43)
aumsanuTuaaanaeldosay

B =P, -p.g(L+H) (3.44)
AUAFADTUL B AT 3

P, = p,RT, (3.45)
uazaumMsoysnHNIa

P, AV, = p AV, (3.46)
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Tva0n 1-2) n193TMsAIUIMUUY Cell by Cell 1 laruauov19du 3z dann3135nsh
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Wnaueil wlinnuadieadasnuismsudtanins lvadlon3suisdsuiassina (Finite

{ A I~ <3
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]
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o 1 aa A A Y ~ Yo
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laun a, b d ez L

Y A Y 9y 1 J ! A o v , A
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1. fvuarionlvesniuuriioadu
1) vinevealassauiazanuieenuuuinetdes: Dy, 023, V2 desien
1.2) mmmmmamuamﬂaﬂummmu a b, d, L nmiusinomsh
Nib, S15 2, 0 NnaNMSH (3.21) - (3.26)
w?

1.3) mdudseenuuumstiemanudou: Qdm’gﬂ,T 171D,
1.4) anzinadenvesemauenlasaiiszduiua: Py, Poo: Too
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T59UAUUDDA 1: 2 =3.0 b=1.25 d=1.5cm L=20m V3 design = 7.5 m/s 1AW A9l

ngune lo11; Ny =2,322 Ny =86 Ny = 199,692
YIIAUATOI IAeTIN: D) =36.448 m Dy =33.26m D3 =4322m AR3;=1.69
023=10 Z=482511m

msmemauFen: O =150.3558 MW TTD, = 3.5929°C

[

T590uAUIUUN 2: 2 =3.0 b=1.25 d=1.5cm L=25m Vy gesign = 10.0 m/s UA1A19 9 A9l

ngune 1o Ny =2,011 N, =86 Ny = 172,946
YIIAUATON IAgTIN: D =31.988 m Dy =28.80 m D3 =41.81 m ARz =2.11
023 =10° Z=61.9014 m

mymemanuion: O=150.3558 MW TTD, = 3.5834°C
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T5 9 uAuuUDil 3:a;=3.0 b=125 d=15cm L=30m Vy gesign = 12.5 m/s 11019 ) 913i

ngune lo11; Ny =1,798 Ny =86 Ny = 154,628
YUIAATON IABTIN: D) =28.948 m Dy =25.76 m D3 =38.22m ARz =22
023 =5.0" Z=101.2202 m

mymemanuion: O=150.2669 MW TTD, = 3.5938°C
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AITNN 42 FAMITIADTOOAUUY 2, =3.0 b=1.25 d = 1.5 cm VINHAGNS U3l 4.25

uu1lapanss: B3 = 0° uaz Z < 570 m) drnsulgdmunamiyuu 0,3

Hq v o A
ﬂi‘ﬁﬂﬂﬁﬂﬂuiﬂuﬁTﬂqﬂ

DP. number L (m) V 2" design (M/s) DP. number | L (m) V 2 design (M/s)
1 15 5.0 9 25 10.0
2 15 7.5 10 25 12.5
3 15 10.0 11 25 15.0
4 15 12.5 12 25 17.5
5 20 7.5 13 30 12.5
6 20 10.0 14 30 15.0
7 20 12.5 15 30 17.5
8 20 15.0

20 T T 10.0
—&— Chimney height: Z
oy e Ho.5

—
[=a)
>

Total chimney height (m)

- - o _ ____J

--A-= Cost: Chimney

°
=

Cost of chimney: C, x HD,;? (x10* unit-cost)

Angle of chimney-divergent (0,3)

|
|
|
|
|
|
Mo Ay N7, 8.5
| |
| |
| |
| |
1o~ A Tey - - - Ittt 8.0
| |
¥ N
1 1 o
| | |
A - Ak
| = - |
00— oA Ao ”*”*T*IAAA ********* 7.5
| | AAA. | | NS T 3; - |
! ! ! e e
| | | | | | r T R e e-a-8
| | | | | | | | |
| | | | | | | | |
80 1 1 1 1 1 i 1 1 1 1 7.0
0 1 2 3 4 5 6 7 8 9 10

517 4.26 wanszNUVLIULIUAIVELdDIAN ABYUIANIINGITINIAZTIMAUNUdDIaN

(DP. number 13:2;=3.0,b=1.25,d=1.5cm, L =30m, V 2’ gesign = 12.5 m/s)
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Vy (m/s)=>° 2 E g E E
Deslgn parameter L and V, (for 21—3 0, b 1.25, d 1.5¢m) and optimum 0,3
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< 15[ 0.0°) ] ]
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z s (5.0°
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3.0

2.5

2.0

1.5

1.0

Normalized cost of chimney and tubes

0.5

0.0

|:| Cost: Chimney 74 Cost: tube
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w0 P
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(3.29 ]
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Y

Vr (m/s)= 2 n

~

1 2 3 4 5 6 7 8 9 10 11 12
|<—L=15m—>| |<—L=20m—>| |<—L=25m—>|
= e w2 w2 w2
S & *© =N B dWyE & 6 =

13

|<' L=30m '>|
b 2
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Design parameter: L and V,- (for 2,=3.0, b=1.25, d=1.5¢cm) and optimum 0,3
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[

AS Y o & Yy A ¢ 3 2
Tagzdl IAamMaaueImsaiUNIYL “g” ag “den g v’ 11IUAIH

LIBRARY:
CEL:
&replace EXPRESSIONS:
den g v = Density*gy*Velocity v
gy =-9.81[m s"-2]
END
END
END
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a 4 U Y a = a o dy Yy 9 o
nsiasizdszuuddesandouluFanguy vruidei laaswuuudianania
a J £y Y A 9 an a o 9
Aalarans uazmsunszuvauns laiaenl¥nssuITIFaA1avvee “Newton-Raphson” A28
o W a g °
amsveulaasdauuTilsunsuaouiimes srediuia TaeldlUsunsy MATLAB 7.11.0
[ Y

(WeuTaa m-file) FaluaIdetiazlilaa lusunsudinim 3 auvdn o laun

) IAaTdsunsumuoa: ms lvarvlassaniou (Msfnu1n 3.4)

2) naulda Tsunsudiuam: msluauazmsmomanudou (Mmsanmi 3.5.1)

3) nguldaldsunsumiuin: wansznuvesgurgiieimeuaaaoninlasulian

A00NUUVAD 153UAUIUY 100 MW (MIANEIN 3.5.2)

w1  Taaldsunsusivia: mslvaniulassandou

3k 3k sk s s sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sie sk sk sk sk sk sk sk sk sk sk sk sie sk sl sk sk sk sk sk sk sk sl sk sk sk sl sk sk sk sk sk sk sk sk sk skeoskoskosk skeskokok

% This Program is used to calculate the air flow on the thermal chimney system
% Program by Withun Hemsuwan (M5240333)

% Thesis academic year 2011

ok ok ok ok ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ksl sk skoskook Start Program********************************

function POWER _PLANT 100MW_EFFICIENCY 40 PERCENT
clear all;clc;

% 1. Define size of system and ambient conditions of the air

Q=150*10"6; % heat removal rate (W)

Khx=0; Ki=0; % loss coefficient at HX. and chimney inlet
Tc=60+273; % steam temperature at condenser (K)

h=3; % heat exchanger height (m)

7=100; % total chimney height (m)

H=Z-h; % chimney height (m)

AR32=0.25:0.125:5; % chimney area ratio (A3/A2)

[M Nl=size(AR32);

Areal=618.9; % inlet cross-sectional area of chimney (area at position 1: m"2)
Area2=Areal; r2=(Area2/pi)"0.5;% area and radial of chimney at position 2 (m”2)
Area3=AR32*Area2; r3=(Area3./pi)."0.5; % area and radial of chimney at position 2 (m”2)

Angle23=atand((r3-r2)/H) % angle of chimney (degree)
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% (Define ambient conditions of the air)

Pamb=101325; den_amb=1.14625; Tamb=308; cp=1006.2; g=9.81; k=1.39906; R=287.0027;

T1=Tamb; % BC. at inlet

P3=Pamb-den_amb*g*Z; % BC. at outlet (static pressure at outlet)
% -===-m--- Loop of calculate equation system by “Newton-Raphson method”
for j=1:N % loop of iterations for AR32 (size of AR32 = N number )

if j==1 % guess variable value for frit loop (AR32 num. 1)

PP1(j)=101.3161*10"3;
PP2(j)=101.2921*10"3;
Ddenl(j)=1.145754;
Dden2(j)=0.972079;
Dden3(j)=0.964589;
TT2(j)=362.9426;
Vv1(j)=3.952339;

end

for i=1:1000 % loop of iterations for one AR32 (maximum 1,000 loop)

if i==1 & &j=—=
P1(i)=PP1());
P2(i)=PP2());
den1(i)=Dden1(j);
den2()=Dden2(j);
den3(1)=Dden3(j);
T2()=TT2(j);

v1(i)=Vvi();

else if i==1&&;j>1 % guess variable value for frit loop (AR32 num. 2-N)

P1(1)=PP1(j-1);
P2(i)=PP2(j-1);
denl1(i)=Dden1(j-1);
den2(i)=Dden2(j-1);
den3(i)=Dden3(j-1);

% guess value of: P1
% guess value of: P2
% guess value of: denl
% guess value of: den2
% guess value of: den3
% guess value of: T2

% guess value of: V1

% guess value of: Pl
% guess value of: P2
% guess value of: denl
% guessvalue of: den2
% guess value of: den3
% guess value of: T2

% guess value of: V1

% guess value of: P1
% guess value of: P2
% guess value of: denl
% guess value of: den2

% guess value of: den3
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T2(1)=TT2(j-1); % guess value of: T2
v1(i)=Vvi(j-1); % guess value of: V1
end
end
f1(i)=k/(k-1)*(P2(i)/den2(i)-P3/den3(i))...
+0.5%v1(1)"2*((den1(i)/den2(i))*2-(den1(i)/(den3(1)*AR32(j)))*2)-g*H;
2(1)=P3*den2(i)"k-P2(i)*den3(i)"k ;
f3(1)=Q-denl1(i)*Areal *v1({)*(cp*(T2(i)-T1)+0.5*v1({i)"2*...
((den1(i)/den2(i))"2-1)+g*h);
f4(1)=P1(i)/(den1(i))*T1)-P2(i)/(den2(1)*T2(i));
£5(1)=P1(i)-P2(i)-0.5*(den1(i)+den2(i))*g*h-0.5*Khx*den1(i) *v 1 (1)"2-...
denl(i)*v1(i)"2*(denl(i)/den2(i)-1);
f6(1)=P1(i)-Pamb~+0.5*(1+Ki)*den1(i)*v1(i)"2;
f7(1)=P1(i)-den1(i)*R*T]I;
ff1=f1(i); ff2=12(i); f3=13(1); ff4=f4(i); f5=5(i); ffo=16(i);ff7=f7(i);
FF=-1*[ff1;ff2;f3;ff4;ff5;ff6;ff7]; % column matrix of equation system {F}
v2(1)= denl(i)*v1(i)/den2(1);
v3(i1)=den2(1)*v2(i)/(AR32(j)*den3(i));
T3(1)=T2(1)*(P3/P2(1)(k-1)/k);
if abs(f1(i))<10"-7&&abs(f2(i))<10"-7&&abs(f3(i))<10"-7& &...
abs(f4(1))<107-7&&abs(£5(1))<10"-7& &abs(f6(i))<10"-7 & &abs(f7(1))<10"-7;break
end
A1=0;A2=k/(k-1)*(1/den2(1));...
A3=-k/(k-1)*P2(i)/den2(i)"2-den1(1)"2*v1(i)"2/den2(i)"3;...
A4=k/(k-1)*P3/den3(i)"2+den1(i)"2*v1({i)"2/(AR32(j)"2*den3(I)"3);...
A5=0;A6=v1(i)*((den1(i)/den2(i))"2-(den1(i)/(den3(i)*AR32(j)))"2);...
A7=v1(1)"2*(den1(i)/den2(i)"2-den1(i)/(den3(1)*AR32(j))"2);
B1=0;B2=-den3(i)"k;B3=k*P3*den2(i)(k-1);...
B4=-k*P2(i)*den3(i)"(k-1);B5=0;B6=0;B7=0;
C1=0;C2=0;C3=Areal *(den1(i)*v1(i)/den2(i))"3;C4=0;
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C5=-denl(i)*Areal *v1(i)*cp;...
C6=-denl(i)*Areal *(cp*(T2(i)-T1)+g*h)-
1.5*den1(1)*Areal *v1(1)*2*((den1(i)/den2(1))*2-1);....
C7=-Areal *v1(i)*(cp*(T2(i)-T1)-0.5*v1(i)"2+g*h)-
1.5*%Areal *v1(i)"3*(denl(i)/den2(1))"2;
D1=1/(den1(i)*T1);D2=-1/(den2(1)*T2(1));D3=P2(1)/(den2(1))"2*T2(1));...
D4=0;D5=P2(i)/(den2(i)*T2(i)"2);D6=0;D7=-P1(i)/(den1(i)"2*T1);
El1=1;E2=-1;E3=-0.5*g*h+(den1(i)/den2(i))"2*v1({i)"2;E4=0,E5=0;...
E6=-Khx*denl(i)*v1(i)-2*den1(i)*v1(i)*(den1(i)/den2(i)-1);...
E7=-0.5*g*h-v1(1)"2*(0.5*Khx-1)-2*v1(i)"2*den1(i)/den2(i);
F1=1;F2=0;F3=0;F4=0;F5=0;F6=(1+Ki)*den1(i)*v1(i);F7=0.5*v1({)"2*(1+Ki);
G1=1;G2=0;G3=0,G4=0;G5=0;G6=0;G7=-R*T1;
AA=[A1 A2 A3 A4 A5 A6 A7;B1 B2 B3 B4 B5B6 B7,C1 C2C3 C4 C5C6C7;...
D1 D2 D3 D4 D5 D6 D7;E1 E2 E3 E4 E5 E6 E7;F1 F2 F3 F4 F5 F6 F7;...
G1 G2 G3 G4 G5 G6 G7]; % square matrix [A: 7X7] of difference equation (dF/dX)
delX=AA\BB; % Solve linear equation ([A]{delX}={F})

% (Update new value of variables: Xnew = Xold+ delX )
P1(i+1)=P1(1)+1*delX(1);
P2(i+1)=P2(1)+1*delX(2);
den2(i+1)=den2(i)+1*delX(3);
den3(i+1)=den3(1)+1*delX(4);
T2G+1)=T2(1)+1*delX(5);
v1G+1)=v1({)+1*delX(6);
denl(i+1)=denl(i)+1*delX(7);

end

error(j)=max(abs(BB));

PP1(j)=P1(i);

PP2(j)=P2(i);

Ddenl(j)=den1(i);

Dden2(j)=den2(i);
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Dden3(j)=den3(i);
TT2()=T2();

TT3()=T3();

Vv1()=v1G);

Vv2(j)=Dden1(j)/Dden2()*Vv1(j);
Vv3(j)=Dden1(j)*Vv1()/(Dden3(j)*AR32()));
mdot(j)=Dden1(j)*Areal *Vv1(j);

Power v2(j)=0.5%(Dden1(j)*Areal *Vv1(j)*Vv2(j)"2;
Power v3(j)=0.5%(Dden1(j)*Areal *Vv1(j))*Vv3()"2;
POWER(j)=Power v2(j);
Eficiency(j)=POWER(j)*100/Q;

delPress(j)=P2(i)-P3;

end

sk sk sk sk sk sk sk sk sk sk sk sk sk sk skoskoskoskoskoskoskoskokokokoskokoskokok End Program******>l<>|<************************
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sk 3k sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk ok sk sk sk sk sk ki sk sk sk sk sk sk sk sk sk sk sk sk sk osk ok

% These Programs are used for calculate the flow and heat transfer on a thermal chimney
system (Chapter 3.5.1)

% Program by Withun Hemsuwan (M5240333)

% Thesis academic year 2011

sk sfe sk sk sk sfe sk sk sk sk ske sk sk sk sk sk sk sk skeosk sk skosok sk skoskok program number: 1 sk sk sk s sfe sk ke s sk sk sk sk sk sk sk sk sk sk sk sk skeoskosk skoskeoskok skoskok
function [cp,Dy_viscosity,k,Pr]=propertries_of dry air at latm(T)

% Reference from General Electric Heat Transfer and Fluid Flow Data Book (Detlev and
Kroger,2004)

% For dry air from 220K to 308K
cp=1.045356e3-3.161783e-1*T+7.083814¢e-4*T"2-2.705209¢-7*T"3;

Dy _viscosity=2.287973e-6+6.259793e-8*T-3.131956¢-11*T"2+8.15038e-15*T"3;
k=-4.937787e-4+1.018087¢-4*T-4.627937e-8*T"2+1.250603¢-11*T"3;
Pr=Dy_viscosity*cp/k;

**************************End OfPrOgram number: 1 sk sfe sk st sfe sfe sk st sk she sk sk sk skeosk sk skeoskeosk sk skeoskok skoskoskok
HH T R
sk sk sk sk sk s sk sk sk sk sk sk sk s sk sk sk sk sk sk sk skoskosk sk skoskok Program number: 2 3k sk sk s sfe sk sk s sk sk sk sk sk sk sk sk sk sk sk skoskosk sk skoskosk sk skoskok
function [Nu Hg]=Nu_of Martin 2002 and Hg fo Gaddis and Gnielinski 1985...
(Re,Pr,a,b,Nr,Type)

%1. The pressure drop correlation use the model of Gaddis and Gnielinski 1985

9%?2. The heat transfer correlation use the model of Martin 2002

c=((a/2)"2+b"2)"0.5; % the diagonal pitch ratio of tube bundle

e Pressure drop correlation: Hg
%1) factor of the number of tube row
if (Nr>=5 && Nr<=10) && (b>=0.5*(2*a+1)"0.5)

f t n=(1/(2*a”2))*(1/Nr-1/10); % factor for Number of tube row
elseif (Nr>=5 && Nr<=10) && (b<0.5*(2*a+1)"0.5)

f t n=2*((c-1)/(a*(a-1)))"2*(1/Nr-1/10); % factor for Number of tube row
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elseif Nr>10

f t n=0;% factor for number of tube row
end
%2) the Hg of laminar flow
if Type==1 % In-line tube bundle

Hg lam_i=140*Re*((b"0.5-0.6)"2+0.75)/(a™1.6*(4*a*b/pi-1)); % Hg of laminar flow
elseif Type==2 % Staggered tube bundle

if b>=0.5*(2*a+1)"0.5

Hg lam_s=140*Re*((b70.5-0.6)"2+0.75)/(a*1.6*(4*a*b/pi-1));

else

Hg lam_s=140*Re*((b"0.5-0.6)"2+0.75)/(c"1.6*(4*a*b/pi-1));

end
end
%3) the Hg of Turbulent flow
if Type==1 % In-line tube bundle

f t i=(0.11+(0.6%(1-0.94/b)"0.6)/(a-0.85)"1.3)*10°(0.47*(b/a-1.5))+0.015*(a-1)*(b-1); %
friction factor for turbulent flow

Hg turb i=f t i*ReN(2-0.1*(b/a))+f t n*Re”2; % Turbulent Hg
elseif Type==2 % Staggered tube bundle

f t s=1.25+0.6/(a-0.85)"1.08+0.2*(b/a-1)"3-0.005*(a/b-1)"3; % friction factor for
turbulent flow

if Re<=250000

Hg turb s=f t s*Re”1.75+f t n*Re”2;% Turbulent Hg for Re<=250000
elseif Re>250000
Hg turb s=(f t s*Re”1.75+f t n*Re 2)*(1+(Re-250000)/325000);

end
end
%4) The Total of Hg
if Type==1 % In-line tube bundle

Hg=Hg lam i+Hg turb_i*(1-exp(1-(Re+1000)/2000)); % the total Hg of In-line
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elseif Type==2 % Staggered tube bundle

Hg=Hg lam s+Hg turb s*(1-exp(1-(Re+200)/1000)); % the total Hg of Stagered

end

%o-==-=mmmmmmmmmm The end of Pressure drop calculated

Yom==m==m-===- delPress,drop = Hg*(visco2*Nr)/(dinsity*d"2)----------------
Yo--=====-=- Heat transfer correlation: Nu (Martin,2002)--------------------

% 1) Leveque number:Lq
if Type==1 % In-line tube bundle
Lq=1.18*Hg*Pr*((4*a/pi-1)/b);
elseif Type==2 % Staggered tube bundle
if b>=1
Lg=0.92*Hg*Pr*((4*a/pi-1)/c);
elseif b<1
Lg=0.92*Hg*Pr*((4*a*b/pi-1)/(b*c));
end

end

% 2) Nusselt number: Nu=hd/k

if Type==1 % In-line tube bundle
Nu=0.404*Lg™N(1/3)*((Re+1)/(Re+1000))"0.1;

elseif Type==2 % Staggered tube bundle
Nu=0.404*Lq"(1/3);

end

Ypmm=mmmmmmmmmmnan The end of Heat transfer calculated

**************************End OfPrOgram number- D etk ske ke stestesheshesfeskeske sk stk stk skeosk sk koskoskeoskeskok

R R
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sk sk sk sk sk sk sk sk sk ok sk ok sk ok kR R kR kR kR ok ok ok ok ok Program number- 3 ok ok ok ok ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skosk ok

function [Po_new deno new To new Vo new Q_cell]=Solve 1 cell tube bundle using ...
Cell by Cell method(Nr,Ntb,L,d,b,ai,Pi,deni,Ti,Vi,a0,Po,deno,To,Vo,Tw,Type)

%0. For solve one cell only (1 cell = 1 row tube) and tube is vertical cylinder type

%]1. The cell number (Ncell) must equal to number of tube row

%?2. The pressure drop correlation use the model of Gaddis and Gnielinski 1985

%3. The heat transfer correlation use the model of Martin 2002

Y%-------- 1. Define the size and type of Tube bundles
STi=ai*d; %Transverse space of the tube: Inlet
STo=ao*d; %Transverse space of the tube: Outlet
Areal =STi*Ntb*L; % Inlet cross section area of Heat exchanger
Area2=STo*Ntb*L; % Outlet cross section area of Heat exchanger

Nr2=1; % number of tube = 1 for 1 cell

As r2=pi*d*Nr2*Ntb*L; % Heat transfer area at the air side for 2 tube row

if Type==1 % In-line type
a=0.5*(ai+a0);c=0;

elseif Type==2 9% Staggered type
a=0.5*(ai+a0);c=((0.5*ai)"2+b"2)"0.5;

end

%-------- 2. Solve'system equation by Newton-Rhapson method

if Type==1 %ln-line tube bundles
Vmax=a*Vi/(a-1);

elseif Type==2 && b>=0.5*(2*a+1)"0.5; %Staggered tube bundles
Vmax=a*Vi/(a-1);

elseif Type==2 && b<0.5*(2*a+1)"0.5; %Staggered tube bundles
Vmax=a*Vi/(2*(c-1));

end

den_m=0.5*(deni+deno);

Tm=0.5*(Ti+To);

[cp_m,visco m,k_m,Pr_m]=propertries of dry air at latm(Tm);
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Remax=den_m*d*Vmax/visco_m;

[Nu Hg]=Nu of Martin 2002 and Hg fo Gaddis_and Gnielinski 1985...
(Remax,Pr_m,a,b,Nr,Type);

h=Nu*k_m/d,;

fl=deni*Vi*Areal-deno*Vo*Area2;

2=Tw-To-(Tw-Ti)*exp(-As_r2*h/(deni*Areal *Vi*cp m));

f3=Pi-Po-(visco_ m”"2/den_m)*(Nr2/d"2)*Hg;

f4=Pi/(Ti*deni)-Po/(To*deno);

F1=f1;F2=12;F3={3;F4=f4,

BB=-[F1;F2;F3;F4];

A1=0;A2=-Area2*Vo0;A3=0;A4=-deno*Area2;

B1=0;B2=0;B3=-1;B4=0;

C1=-1;C2=0;C4=0;C3=0;
D1=-1/(deno*To);D2=Po/((deno”2*To));D3=Po/(deno*To0"2);D4=0;

AA=[A1 A2 A3 A4;B1 B2 B3 B4;C1 C2 C3 C4;D1 D2 D3 D4];

delX=AA\BB;

Po_new=Po+1*delX(1);

deno_new=deno+1*delX(2);

To_new=To+1*delX(3);

Vo _new=Vo+1*delX(4);

Q cell=deni*Areal *Vi*cp m*(To new-Ti);

SRR B 0f Program nUMber:; 3 FF kit ottt ook
R R R R R R R R
Rk R Program number: 4, [FERR R o
% This Program solves air flow on a chimney: 2-2’-3

% And Calculate for modeling process 2-2 is: Isentropic process

% Note: subscript 1, 2, 3, 4 in this program equal to position 1, 2, 2’, 3 in fig.3.22 (Chap. 3.5)
function [P3 den3 T3 V3 P4 den4 T4 V4 H D4]=Solve flow on the chimney and 23 is ...
isentropic(P2,den2,T2,V2,A2,D3,H3,Angle34,P_infinity,T infinity)

% Note: This program for solve isentropic flow at the position 2-3 of Thermal chimney
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cp=1006.2;2g=9.81;k=1.39906;R=287.0027;
den_infinity=P_infinity/(T infinity*R);
maximun_Interation=100;
A3=pi/4*D3"2;
h=H3;
for i=1:maximun_Interation
clear('ff);
if i==
P3(i)=0.98*P2;% initial value of : P3
den3(1)=0.99*den2; % initial value of : den3
V3(1)=1.01*A2/A3*V2; % initial value of : V3
P4(i)=0.8*P3(1);% initial value of : P4
H(@{1)=1.145*9.81*(101325-P4(i))+0.5*den_infinity*V3(i)"2;% initial value of : H
D4=D3+2*H(i)*tand(Angle34);
Ad=pi/4*D4"2;
den4(i1)=0.99*den3(i); % initial value of : den4
V4(1)=1.01*A3/A4*V3(i); % initial value of : V4
end
D4=D3+2*H(i)*tand(Angle34);
A4=pi/4*D4"2;
fl=den2*A2*V2-den3(i)*A3*V3(i);
2=P2*den2"-k-P3(i)*den3(i)"-k;
f3=k/(k-1)*(P2/den2)+0.5*V2/2-k/(k-1)*(P3(i)/den3(i))-0.5*V3(i)"2-g*0.5*H3;
f4=den3(i)*A3*V3(i)-dend(i)*A4*V4(i);
f5=P3(1)*den3(i)"-k-P4(i)*den4(1)"-k;
f6=k/(k-1)*(P3(i)/den3(i))+0.5*V3(i)"2-k/(k-1)*(P4(i)/den4(i))-0.5%V4(i)"2-g*H(i);
f7=P_infinity-P4(i)-den_infinity*g*(H(i)+H3);
ff=-1*[f1;12;13;14;5;16,7];
Residual max=max(abs(ff));

if abs(Residual max)<10~-10;break;end
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B1=[0,-A3*V3(i),-den3(i)*A3,0,0,0,0];
B2=[-den3(i)"-k,k*P3(i)*den3(i)*-(k+1),0,0,0,0,0];
B3=[-k/(k-1)*1/den3(i),k/(k-1)*(P3(i)/den3(i)"2),-V3(i),0,0,0,0];
B4=[0,A3*V3(i),den3(i)*A3,0,-A4*V4(i),-den4(i)*A4,0];
B5=[den3(i)"-k,-k*P3(i)*den3(i1)"-(k+1),0,-den4(1)" -k, k*P4(i)*dend (i)*-(k+1),0,0];
B6=[k/(k-1)*1/den3(i),-k/(k-1)*(P3(i)/den3(1)"2),V3(i),-k/(k-1)*1/dend(i),k/(k-1)*(P4(i) ...
/dend()"2),-V4(),-g];
B7=[0,0,0,-1,0,0,-den_infinity*g];
BB=[B1;B2;B3;B4;B5;B6;B7];
delX=BB\ff;
P3(i+1)=P3(1)+delX(1);
den3(i+1)=den3(i)+delX(2);
V3(3i+1)=V3(i)+delX(3);
P4(i+1)=P4(i)+delX(4);
den4(i+1)=dend(i)+delX(5);
V4(i+1)=V4(i)+delX(6);
HG+1)=H()+delX(7);
end
if i==maximun_Interation
fprintf('Warning!: P2=%d den2=%.2f, T2=%.2f cm V2=%.2f: solution Not-converge
Residual is : %f\n',P2,den2,T2,V2,Residual max)
end
P3=P3(end); den3=den3(end); V3=V3(end); T3=P3(end)/(R*den3(end));
P4=P4(end); dend4=den4(end); V4=V4(end); T4=P4(end)/(R*dend(end));
H=H(end);

**************************End ofProgram number: 4.1 stttk sk sk sk sk sk sk sk ko ok sk ok kokokokokokokok ok

R
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sk sk sk sk sk sk sk sk sk ok sk ok sk ok kR R kR kR kR ok ok ok ok ok Program number- 4 %kt st st ste ke shesteste st sk sk sk sk sk sk skskeske ke sk skeskeskokok

% This Program solves air flow on a chimney: 2-2°-3
% And Calculate for modeling process 2-2” is: Non-Isentropic process (with loss: Ki)
% Note: subscript 1, 2, 3, 4 in this program equal to position 1, 2, 2°, 3 in fig.3.22 (Chap. 3.5)
function [P3 den3 T3 V3 P4 dend T4 V4 H D4]=Solve flow on_the chimney and 23 ...
with_loss model(P2,den2,T2,V2,A2,D3,H3,Angle34,Ki,P_infinity,T infinity)
% Note: This program for solve Isentropic flow at the position 2-3 of Thermalchimney
cp=1006.2;2=9.81;k=1.39906;R=287.0027;
den_infinity=P_infinity/(T infinity*R);
maximun_Interation=1000;
A3=pi/4*D3"2;
h=H3;
for i=1:maximun_Interation
if i==
P3(1)=0.98*P2;% initial value of : P3
den3(1)=0.99*den2; % initial value of : den3
T3(1)=P3(1)/(R*den3(i)); % initial value of : T3
V3(i)=1.01*A2/A3*V2; % initial value of : V3
P4(1)=0.8*P3(1);% initial value of : P4
H(i)=1.145*9.81*(101325-P4(i))+0.5*den_infinity*V3(i)"2;% initial value of : H
D4=D3+2*H(i)*tand(Angle34);
Ad4=pi/4*D4"2;
den4(i1)=0.99*den3(1); % initial value of : den4
V4(1)=1.01*A3/A4*V3(i); % initial value of : V4
end
D4=D3+2*H(i)*tand(Angle34);
Ad4=pi/4*D4"2;
fl=den2*A2*V2-den3(i)*A3*V3(i);
2=P2/(den2*T2)-P3(i)/(den3(1)*T3(1));
f3=cp*(T3(i)-T2)+0.5*(V3(i)"2-V2"2)+g*H3/2;
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f4=P2-+0.5*den2*V2/2-P3(i)-0.5*Ki*den2*V3(i)"2; % Model static pressure loss at the
chimney inlet (Kroger and Detlev, H., 2004)
f5=den3(1)*A3*V3(i)-dend(i)*A4*V4(i);
f6=P3(1)*den3(i)*-k-P4(i)*den4(i)"-k;
£7=k/(k-1)*(P3(i)/den3(i))+0.5*V3(i)"2-k/(k-1)*(P4(i)/den4(i))-0.5*V4(i)"2-g*H(i);
f8=P_infinity-P4(i)-den_infinity*g*(H(i)+H3);
ff=-1*[f1;12;13;14;f5;16;17;18];
Residual max=max(abs(ff));
if abs(Residual max)<10”-7;break;end
B1=[0,-A3*V3(i),0,-den3(i)*A3,0,0,0,0];
B2=[-1/(den3(i)*T3(i)),P3(i)/(den3(1)"2*T3(1)),P3(1)/(den3(i)*T3(i)"2),0,0,0,0,0];
B3=[0,0,cp,V3(i),0,0,0,0];
B4=[-1,0,0,-Ki*den2*V3(i),0,0,0,0];
B5=[0,A3*V3(i),0,den3(i)*A3,0,-A4*V4(i),-den4(i)*A4,0];
B6=[den3(i)"-k,-k*P3(i)*den3(i)"-(k+1),0,0,-den4(i)"-k k*P4(i)*den4(i)"-(k+1),0,0];
B7=[k/(k-1)*1/den3(i),-k/(k-1)*(P3(1)/den3(i)"2),0,V3(i),-k/(k-1)*1/den4(i),k/(k-
1)*(P4(i)/dend(i1)"2),-V4(i),-gl;
B8=(0,0,0,0,-1,0,0,-den_infinity*g];
BB=[B1;B2;B3;B4;B5;B6;B7;BS];
delX=BB\f;
P3(i+1)=P3(1)+0.5*delX(1);
den3(i+1)=den3(1)+0.5*delX(2);
T3(i+1)=T3(i)+0.5*delX(3);
V3(i+1)=V3(i)+0.5*delX(4);
P4(i+1)=P4(1)+0.5*delX(5);
den4(i+1)=den4(i)+0.5*delX(6);
V4(i+1)=V4(3i)+0.5*delX(7);
H(i+1)=H(1)+0.5*delX(8);
end

if i==maximun_Interation
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fprintf('Warning!: P2=%d den2=%.2f, T2=%.2f cm V2=%.2f: solution Not-converge
Residual is : %f\n',P2,den2,T2,V2,Residual max)
end
P3=P3(end); den3=den3(end); T3=T3(end); V3=V3(end);
P4=P4(end); dend4=den4(end); V4=V4(end); T4=P4(end)/(R*dend(end));
H=H(end);
kR Rk ok 8 End of Program number: 4,24k Rk Rk Ko
HHHHHE R R
R R R R Program number: 5 (Main program) FHH sk ok
function Main_calculate_heat and flow in 100MW _thermal chimney
clear all;clc;

% 0. Define design parameter of the thermal chimney system (150MW heat removal rate)

Vchim_in=27.78; %Design velocity at chimney inlet (m/s)
D3=17.28;R3=D3/2; %Diameter at inlet chimney (m)
L=15; %Length of tube (m)

Vhx 0=Vchim in*D3/(4*L); % Design velocity at HX. outlet (m/s)
Angle34=0; % the angle of the divergent top chimney (degree)

Ki=3; %Chimney inlet loss coefficient (Kroger and Detlev, H., 2004)
%----1. Define Ambient condition and Tube wall condition----------

g=9.81; % gravitation acceleration

R=287.0027;  %gas constant

Pin_0=101325; %Ambient Pressure at ground level

Tin=35+273.1; %Ambient temperature at ground level = Heat exchanger Inlet temperature
den_in_0=Pin_0/(R*Tin); %Ambient density

Tw=60+273.1; %steam-tube wall temperature (Tw = Tc)

%---- Design dimension of tube bundles : vertical cylinder type -----------

Type=1; % Code of tube arrangement (1 for In-line, 2 for Staggered)

al design=[1.52 2.5 3]; % Transverse pitch ratio (Design)

d design=[1.522.533.544.5 5]*1e-2; % diameter of tube in the tube bundle (m)

DP=0;
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maximun_Interation=2000;
fprintf('Tablel: The size of tube bundle heat exchanger(In-line) for 150WM Thermal
chimney: D3=%.2f(m), L=H3=%d(m), Design for V3=%.2f m/s\n',D3,L,Vchim_in)

fprintf(’

\n')
fprintf(' DP al b d(cm) Ntb Nr Ntotal L3(m) Q(MW) TTD2(C) P2(kPa)

den2(kg/m”3) T2(K) V2(m/s) R DelP12(Pa) : delP/den*g(m) Loss coef.: Khx.\n")
fprintf(’

\n')
for e=4:4 % The loop of al design(e)
for f=1:1 % the loop of d(f)

clear('P','den','T','V','Q",' TDD2",'Pressure_drop','a','’b",'ST1','ST','Ntb');
a1=0;a=0;b=0;d=0;Ntb=0;ST1=0;ST=0;SL=0; Vhx_in=0;Q=0;
TTD2=0;Pressure_drop=0;P=0;den=0;T=0;V=0;
d=d_design(f); %Design steam tube diameter
al=al_design(e); %Design first transverse pitch ratio of tube bundles
Ntb=double(int64(180/asind((al*d)/(2*R3)))); % Number of tube per row (integer)
ST1=2*R3*sind(180/Ntb); % First transverse pitch
al=ST1/d; % First transverse pitch ratio
b=1.25; %ULongitudinal pitch ratio

SL=d*b; %Fixe longitudinal pitch

Y%------ Calculate for 150MW heat removal rate
DP=DP+1;
if DP==
Nr_first(DP)=114; %Guess Nr 150MW heat removal rate and TTD2=3.5 degree
elseif (e==2 && ==1) || (e==3 && ==1) || (e==4 && f==1)
Nr_first(DP)=Nr(0)-70; %Guess Nr 150MW heat removal rate and TTD2=3.5 degree
else
Nr_first(DP)=Nr(0)+2; %Guess Nr 150MW heat removal rate and TTD2=3.5 degree

end
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Nr=Nr_first(DP):700;
[m n]=size(Nr);  %Loop "o" of number of tube row: Nr
for o=1:n %Loop of number of tube row :NL(n)
Necell=Nr(o);
for i=1:Ncell+1
ifi== % first of tube row
ST(@)=ST1; % first of transverse pitch of tube bundles
a(i)=al; % first of transverse pitch ratio of tube bundles
else
ST(@1)=ST(i-1)+2*SL*tand(180/Ntb); %The Next transverse pitch of tube bundles
a(1)=ST(@i)/d; %The Next transverse pitch ratio of tube bundles
end
end
% Rotate matrix for solve from the inlet to exit of the tube bundles (from position 1-2
in the thermal chimney system)
ST=r0t90(rot90(ST));
a=rot90(rot90(a));
Vhx_in=Vhx_o*(a(end)/a(1)); %Guess Velocity at HX inlet (from mass Eq.)
delT=abs(Tin-Tw)/Nr(0); %Guess delT between the cell of tube bundle
for j=1:maximun_Interation %Loop of iteration
if j== %Define initial value of variable: P-den T V
Vin(j)=Vhx_in;  %Define Initial value of V at inlet condition of tube bundles
den_in(j)=(Pin_0-0.5*den_in 0*g*L)/(R*Tin+0.5*Vin(j)"2); %Define initial
value of density at inlet BC. of tube bundles (from pressure balance and equation of state)
P_in(j)=den_in(j)*R*Tin; %Define Initial value of density at inlet condition of
tube bundles (from equation of state)
for i=1:Ncell+1 %the face of tube bundle cell
if i==1 %the frit-face of tube bundle cell (HX. inlet)
T(i,j)=Tin; %lInlet BC of the first of Cell-1 : Tin = T at Ambient condition

V(i,j)=Vin(j); %Define Initial Inlet BC of the first of Cell-1 : V_in
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den(i,j)=den_in(j); %Define Initial Inlet BC of the first of Cell-1 :
density inlet
P(i,j)=P_in(j); % Define Initial Inlet BC of the first of Cell-1 : Pressure_in
else
P(i,j)=P_in(j); % Define initial value of : P
den(i,j)=den_in(j); % Define initial value of : den
T(i,j)=T(i-1,j)+delT; % Define initial value of: T
V(i,j)=Vin(j); % Define initial value of : V
end
end
end
Vin(j)=Vhx_in*(den(end,j)/(den(1,j))); %The Inlet Velocity: Calculate form the
mass equation from position 1-2
den_in(j)=(Pin_0-0.5*den_in 0*g*L)/(R*Tin+0.5*Vin(j)*2); %Define Initial value
of density at inlet condition of tube bundles (from pressure balance Eq. and equation of state)
P_in(j)=den_in(j)*R*Tin; %Define Initial value of density at inlet condition of tube
bundles (from equation of state)
for i=1:Ncell+1 %Update value of variable: P den T V
if i== %the first-face of tube bundle cell (HX. inlet)
P(i;j+1)=P_in(j); = %Update value of P at HX. Inlet
T(i,j+1)=Tin; %Update value of T at HX. Inlet
den(i,j+1)=den_in(j); %Update value of Density at HX. Inlet
V(ij+1)=Vin(j);  %Update value of V at HX. Inlet
else %Update value of variable: P den T V at tube bundle cell exit: Calculate
from equation of Gaddis and Gnielinski, 1985 and Martin, 2002
[P(i,j+1),den(i,j+1),T(i,j+1),V(i,j+1) Q(i)]=Solve 1 cell tube bundle ...
using_Cell by Cell method(Nr(o),Ntb,L.d,b,a(i-1),P(i-1,j),den(i-1,j),TG-1,)),...
V(i-1,)),a(1),P(i,j).den(i,j), T(1.,j), V(i) Tw, Type);

end
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del P(,j)=abs(P(,j)-P(i,j+1)); %Error of P before and after of update
del den(i,j)=abs(den(i,j)-den(i,j+1)); %Error of den before and after of update
del T(,j)=abs(T(.j)-T(.,j+1)); %Error of T before and after of update
del V(i,j)=abs(V(i,j)-V(,j+1)); %Error of V before and after of update
end
errormax_P=max(del_P);errormax_den=max(del_den);errormax_T=max(del T); ...
errormax_V=max(del V);
ErrorMax_P=errormax_P(j);ErrorMax_den=errormax_den(j); ...
ErrorMax_T=errormax_T(j);ErrorMax V=errormax_V(j);
error_system=[ErrorMax_P;ErrorMax_den;ErrorMax_T;ErrorMax_V];
ErrorMax_cell=max(error_system); % Maximum error of P,den, T,V of system HX.
Residual target=1e-10; %Target of maximun residual
if (ErrorMax_cell<=Residual target);break; %Check of solution converge?
elseif jJ==maximun_Interation %Report the case if solution Not-converge
fprintf(' Warning!: Nr=%d at al=%.2f, d=%.2f cm : solution Not-converge
Residual is : %f\n',Nr(0),al,d*1e2,ErrorMax_cell)
end
end
P=(P(:,end))’;  %the final solution of P
den=(den(:,end))'; %the final solution of Density
T=(T(:,end))"; = %the final solution of T
V=(V(:,end))';  %the final solution of V
gass_constant=P./(T.*den); %Check R again
Q(o)=sum(Q)/1e6; %fthe heat transfer rate in HX.
if Q(0)>150;break;end %Target of heat transfer rate in HX. > 150MW a little
end
number_fo_row(e,f)=Nr(o); %Report number of tube row for design point:
al design and d (tube diameter)
Stl(e,f)=STI;
St2(e,f)=ST(1);
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number_fo tube per_row(e,f)=Ntb;
total_tube number(e,)=Nr(0)*Ntb; %Report total number of tube for design point:
al design and d(tube diameter)
tube bundle deep(e,f)=SL*(Nr(0)-1); %Report the deep of tube bundles(from inlet -
outlet)for design point: al design and d(tube diameter)
T1(e,f)=T(1); %Report T1 for design point: al design and d(tube diameter)
T2(e,f)=T(end); %Report T2 for design point: al design and d(tube diameter)
V1(e,H)=V(1); %Report V1 for design point: al design and d(tube diameter)
V2(e,f)=V(end); %Report V2 for design point: al design and d(tube diameter)
Pl(e,f)=P(1); %Report P1 for design point: al design and d(tube diameter)
P2(e,f)=P(end); %Report P2 for design point: al design and d(tube diameter)
denl(e,f)=den(1); %Report denl for/design point: al design and d(tube diameter)
den2(e,f)=den(end);%Report den2 for design point: al design and d(tube diameter)
TTD2(e,f)=Tw-T(end);%Report TTD2 for design point: al design and d(tube diameter)
Heat_removal(e,f)=Q(0); %Report Heat transfer rate for design point: al design and
d(tube diameter)
Pressure_drop(e,f)=P(1)-P(end); %Report Pressure drop (P1-P2) for design point:
al design and d(tube diameter)
Khx(e,f)=Pressure_drop(e,f)/(0.5*den2(e,0)*V2(e,0)"2);
Pinfinity=(P1(e,f)+0.5*den_in 0*g*L+0.5*denl1(e,)*V1(e,0)"2)/1e3;
RRR=Pinfinity/(den in_0*Tin);
deninfinity=Pinfinity*1e3/(R*Tin);
fprintf(' %d %.2f %.2f %.2f %d %d %d %.3f %.4f %.4f %.4f %.4f %.4f
%A %.Af %2f : %.2f %.20\n',DP,al,b,d_design(f)*100,Ntb,number fo_row...
(e,f),total_tube number(e,f),tube_bundle deep(e,f),Heat _removal(e,f),TTD2(e,f), ...
P2(e,f)/1e3,den2(e,f),T2(e.f),V2(e,f),P2(e,f)/(den2(e,f)*T2(e,f)),Pressure_drop(e,f), ...
Pressure_drop(e,f)/(den_in_0%*9.81),Khx(e,f))
end

end
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Y%------- Solve air flow in the chimney: 2-3 and 3-4
H3=L; %The heat exchanger higth (position:3)
A1=St2(e,f)*L*number_fo_tube per rowl(e,f); %The area at heat exchanger
outlet(position:2)

A2=Stl(e,f)*L*number fo tube per row(e,f); %The area at heat exchanger
outlet(position:2)

A3=pi/4*D3"2; %The area at chimney inlet(position:3)

fprintf("\nTable2: The solution of the air and the Chimney higth(H+H3) for any design
point(DP) in Tablel : (Chimney-Angle34 = %d degree); Chimney inlet loss ocfficient:Ki32 =

%d\n',Angle34,Ki)

fprintf(’

\n")
fprintf(' DP.  Presssure (kPa) Density(kg/m”"3) Temperature(K)
Velocity (m/s) Gass-constant Total-higth(m)\n")

fprintf('- P1 P2 P3 P4 denl -den2 den3 dend TI T2 T3 T4 VI

V2 V3 V4 Rl R2 R3 R4 H+H3 \n')
fprintf(’

\n")
DP=0;
for e=4:4 % The loop of al design(e)
for f=1:1
DP=DP+1;
if Ki==0 %Proces23 is: Isentropic
% [P3 den3 T3 V3 P4 dend T4 V4
H]=solve Process23 and Process34 of 150MW _Thermal Chimney(P2,den2,T2,V2,A2,D3,
H3,Angle34)
[P3(e,f) den3(e,f) T3(e,f) V3(e,f) P4(e,f) dend(e,f) T4(e,f) V4(e,f) H(e,f) D4(e,0)]= ...
Solve flow on_the chimney and 23 is isentropic(P2(e,f),den2(e,f),T2(e.f),V2(e,D), ...

A2,D3,H3,Angle34,Pin_0,Tin);
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elseif Ki>0 %Proces23 is: Non-Isentropic and use loss model of (Kroger and Detlev, H.,
2004)

[P3(e,f) den3(e,f) T3(e,f) V3(e,f) P4(e,f) dend(e,f) T4(e,f) V4(e,f) H(e,f) D4(e,f)]=...
Solve flow on_the chimney and 23 with loss model(P2(e,f),den2(e,f),T2(e,f),V2(e,1), ...
A2,D3,H3,Angle34,Ki,Pin 0,Tin);

end

R1=P1(e,f)/(denl(e,N*T1(e,f));R2=P2(e,f)/(den2(e,f)*T2(e,1)); ...
R3=P3(e,f)/(den3(e.f)*T3(e,f));R4=P4(e,f)/(dend(e,f)*T4(e,1));

fprintf(' %d %.2f %.2f %.2f %.2f %.4f %.4f %.4f %.4f %.2f %.2f %.2f %.2f
%.2f %.2f %.2f %.2f %.2f %.2f %.2f %.2f %.4f\n'...

,DP,P1(e,f)/1e3,P2(e,f)/1e3,P3(e,f)/1e3,P4(e,f)/1e3,denl(e,f),den2(e. ), ...
den3(e,f),dend(e,f),T1(e,f),T2(e,f),T3(e,f),T4(e,f),V1(e,f),V2(e,1),V3(e,1), ...
V4(e,f),R1,R2,R3,R4,H(e,f)+H3)
end

end

fprintf(’

\n")
Nr=number fo row(e.f);
section=1:Nr+1;
Ponitl=section(1);
Ponit2=section(end);
Ponit3=Ponit2+2;
Ponit4=Ponit3+2;
mdot=den.*L.*ST.*V.*Ntb;
Ad=pi/4*D4(e,0)"2;
Mdotl=A1*V1(e,f)*denl(e,);
Mdot2=A2*V2(e,f)*den2(e,f);
Mdot3=A3*V3(e,f)*den3(e,f);

Mdot4=A4*V4(e,f)*dend(e,1);
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figure(1)

plot(section,mdot,'-

*' Ponitl,Mdot1,""',Ponit2,Mdot2,">',Ponit3,Mdot3,'v',Ponit4,Mdot4,'<','LineWidth',2)
g=legend('in the HX.",'Position:1','Position:2','Position:2"{,}','Position:3',0);

title('The Mass flow rate in tube bundle and any position on the
chimney','fontsize',18,'fontweight','b', fontname',' Angsana New')

ylabel('The mass flow rate (kg/s)','fontsize',18,'fontweight','b','fontname',' Angsana New");
xlabel('The tube row number (Nr,i)','fontsize', 18, fontweight','b', fontname',' Angsana New");
set(qg,'FontSize',16,' fontweight','b',' fontname',' Angsana New','LineWidth',2);

set(gca,' LineWidth',2,'FontSize',18,'fontweight','b', fontname',' Angsana
New',"YMinorTick','on', XMinorTick','on',’XGrid','on',"Y Grid','on")

**************************End OfProgram number- 5 stestestesteosteostoskokokokokokokokokokokokokokokokokokokok

w3 ngulAallsunsudinnn: nanssnuve Rt IMAIAGaNAD

Y
T53UAUUVY 100 MW
Tumsaiuaruns lvanagnisaremanuiouluszuvlassandou tlodnun
a Y A A [ 9 = ~
HansznUveIgurgieIMaAadeuidou liaingasenuuuae Tssnuduuny (MsAnyIn
5.3.2) 181935 M3 112209 Newton-Raphson 11111 2 4dn (319 3.30) nquIdaTusunsunly

° < @ 1 o ) ~
mu’amix‘umzlfﬂummwgﬂmmuamnuu ﬂ\?éﬂ“ﬂ 9.2

1. Properties of the air : 3. Heat transfer in the cell tube bundle ; 2. Pressure drop and heat transfer coeffi.:
! [N
Find: properties of at air i Find: value of the air at the exit ! Find: value of Hg and Nu
(cp, 1, Kk, Pr) : of cell tube bundle i “empirical relation of Martin (2002)”

| by using “Cell by Cell ” method

4. Main Program
Find: Value of the air variables at

position 1, 2,27, 3 (fig. 3.22)
by using “2 Step Newton-Raphson”

319 v.2 maasgn Tengu T sunsuAIuIase U (Newton-Raphson L1 2 UEn)
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nManuIni ¥.2 @aulda lUsunsuran (Main Program: Newton-Raphson LUV 2 ¥6n) 1%

o < @ dy
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% This Program is main program used for predict the effect of ambient temperature on
100MW thermal chimney prototype (Chapter 3.5.2)

% Program by Withun Hemsuwan (M5240333)

% Thesis academic year 2011

sfe sk sk s sfe sk sk sk sfe sk sk skeosfeoske sk skoskosk sk Program number: 4 (main program) st sfe sk sk sk sfe sk sk sk sfe sk sk sk sfeoske sk sk sk sk skeoskeokoskoskosk
% And Calculate for modeling process 2-2” is: Non-Isentropic process (with loss: Ki)

% Note: subscript 1, 2, 3, 4 in this program equal to position 1, 2, 2’, 3 in fig.3.22 (Chap. 3.5)
function Operation_of 100MW _thermal chimney prototype effect of Tamb

clear all;clc;

%---- Size of thermal chimey form design ponit
D3=25.76;R3=D3/2; %Diameter at inlet of chimney

L=30;H3=L; %Length of tube

H=101.2202-H3; %Chimney high

Angle34=5; % the angle of the divergent top chimney (degree)
D4=D3+2*H*tand(Angle34); %Diameter at outlet of chimney
A3=pi/4*D3"2; %Area of section 3

Ad4=pi/4*D4"2;  %Area of section 4

AR32=A4/A3; %Area ratio of chimney

Ki=3; % Inlet loss coefficient(Kroger and Detlev, H., 2004)

%---- Size of tube bundles form design point
Type=1; % Code of tube arrangement (1 for In-line, 2 for Staggered)
Nr=86; %Number of tube row

d=1.5e-2; %diameter of tube in the tube bundle

Ntb=1798; %Number of tube per row
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Ntb=1798; %Number of tube per row
ST1=2*R3*sind(180/Ntb); %First transverse pitch
al=ST1/d; %First transverse pitch ratio
b=1.25; %ULongitudinal pitch ratio
SL=b*d; %Fixe longitudinal pitch
[m n]=size(Nr); %Loop "o" of number of tube row: Nr
Ncell=Nr;
for i=1:Ncell+1
if i== %first of tube row
ST(i1)=ST1; %first of transverse pitch of tube bundles
a(i)=al; Y%first of transverse pitch ratio of tube bundles
else
ST(@{)=ST(@-1)+2*SL*tand(180/Ntb); %The Next transverse pitch of tube bundles
a(i)=ST(1)/d; %The Next transverse pitch ratio of tube bundles
end
end
%Rotate matrix for solve from the inlet to exit of the tube bundles (from position 1-2 in the
thermal chimney system)
ST=rot90(rot90(ST));
a=rot90(rot90(a));
A1=ST(1)*Ntb*L; %Area at position 1
A2=ST(end)*Ntb*L; %Area at position 2
%---- Define ambient condition at ground level and Tube wall condition -----
¢=9.81; %pgravitation acceleration
R=287.0027;  %gas constant
Pin 0=101325; %A Ambient Pressure at ground level
Tin_0=50+273.1;%Ambient temperature at ground level = Heat exchanger Inlet temperature
den_in_0=Pin_0/(R*Tin_0); %Ambient density at ground level
Tw=60+273.1; %wall temperature of steam tube

delT=abs(Tin_0-Tw)/Nr; %Guess Temperature difference between inlet and exit of cell tube
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cp=1006.2;k=1.39906;R=287.0027;%Property of air ideal gas (perfect gas)
maximun_iteration tube bundles=1000;

maximun_iteration _chinmney=1000;

fprint ('

\n")
fprintf(' Num. Presssure (kPa) Density(kg/m”3) Temperature(K)
Velocity (m/s) Gass-constant Mdot Heatrate Max-Error\n')

fprintf('Inter. P1 P2 P3 P4 denl den2 den3 dend TI T2 T3 T4

VI V2 V3 V4 Rl R2 R3 R4 (kg/s) (MW) - \n")

fprintf(’

\n')

%--Main loop of solve in system of the thermal chimney
for o=1:maximun_iteration chinmney
if o==1 %Guess initial value of variable: P den T V

V1(0)=2.42;

denl(o)=(Pin_0-0.5*den_in_0*g*L)/(R*Tin_0+0.5*V1(0)"2);

T1(0)=Tin_0;

P1(0)=den1(0)*R*Tin_O0;

P3(0)=100.74¢3;

den3(0)=1.066;

T3(0)=329.27;

V3(0)=15;

P4(0)=Pin_0-den_in 0*g*(H3+H);

den4(0)=1.0499;

T4(0)=329.5;

Vd(0)=2.24;

end

%----Loop of iteration for solve in the tube bundles
for j=1:maximun_iteration tube bundles %Loop of iteration

if j==1 %Define initial value of variable: Pden T V
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P _in(j=P1(0); %Define initial value of density at inlet condition of tube bundles
(from equation of state)
den_in(j)=den1(0); %Define initial value of density at inlet condition of tube bundles
(from pressure balance Eq. and equation of state)
Vin(j)=V1(0);  %Define Initial value of V at inlet condition of tube bundles
Tin(j)=T1(0);  %Define Initial value of P at inlet condition of tube bundles
for i=1:Ncell+1 %the face of tube bundle cell
if i==1 %the frit-face of tube bundle cell (HX. inlet)
P(i,j)=P_in(j); % Define Initial Inlet BC of the first of Cell-1 : Pressure_in
den(i,j)=den_in(j); %Define Initial Inlet BC of the first of Cell-1 : density inlet
T(i,j)=Tin(j); %Inlet BC of the first of Cell-1 : Tin = T at Ambient condition
V(i,j)=Vin(j); %Define Initial Inlet BC of the first of Cell-1 : V_in
else
P(i,j)=P_in(j); % Define initial value of : P
den(i,j)=den_in(j); % Define initial value of : den
T(i,))=T(i-1,j)+delT; % Define initial value of: T
V(i,j)=Vin(j); % Define initial value of : V
end
end
end
P_in(j)=P1(0); %Define initial value of density at inlet condition of tube bundles (from
equation of state)
den_in(j)=den1(0); %Define initial value of density at inlet condition of tube bundles
(from pressure balance Eq. and equation of state)
Tin(j)=T1(0); %Define initial value of temperature at inlet condition of tube bundles
(from equation of state)
Vin(j)=V1(o); %Define initial value of velocity at inlet condition of tube bundles
for i=1:Ncell+1 %Update value of variable: P den T V
if i== %the first-face of tube bundle cell (HX. inlet)

P(i,j+1)=P _in(j); %Update value of P at HX. Inlet
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T(i,j+1)=Tin(); %Update value of T at HX. Inlet
den(i,j+1)=den_in(j); %Update value of Density at HX. Inlet
V(i,j+1)=Vin(j);  %Update value of V at HX. Inlet
else %Update value of variable: P den T V at tube bundle cell exit: Calculate from
correlation of heat transfer (Gaddis and Gnielinski (1985)) and pressure drop (Martin (2002))
[P(i,j+1),den(i,j+1), T(i,j+1),V(ij+1)
Q(i)]=Solve 1 cell tube bundle using Cell by Cell method(Nr,Ntb,L,d,b, a(i-1), ...
P(i-1,j),den(i-1,j),T(i-1.j),V(i-1,j),a(i),P(i,j),den(i,j),T(i,j), V(i,j), Tw,Type);
end
del P(i,j)=abs(P(i.,j)-P(3,j+1)); %Error of P before and after of update
del den(i,j)=abs(den(i,j)-den(i,j+1)); %Error of Density before and after of update
del T(i,j)=abs(T(,j)-T(,j+1)); %Error of T before and after of update
del V(i,j)=abs(V(i,j)-V(,j+1)); %Error of V before and after of update
end
errormax_P=max(del P);errormax_den=max(del den);errormax T=max(del T); ...
errormax_V=max(del V);
ErrorMax P=errormax_P(j);ErrorMax_den=errormax_den(j);
ErrorMax_T=errormax_T(j);ErrorMax V=errormax_V(j);
error_system=[ErrorMax_P;ErrorMax_den;ErrorMax_T;ErrorMax_V];
ErrorMax_cell=max(error_system); %Maximum error of P,den,T,V of system of HX.
Residual target=1le-10; %Target of maximum residual
if (ErrorMax_cell<=Residual target);break; %Check of solution converge?
elseif j==maximun_iteration tube bundles %Report the case if solution Not-converge
fprintf('Warning! Solution Not-converge: P1=%.4f kPa, den1=%.4f km/m"3, T1=%.4f
K, V1=%.4f m/s,:Residual is : %f\n',...
P1(0),den1(0),T1(0),V1(0),ErrorMax_cell)
end
end
P=(P(:,end))’;  %the final solution of P

den=(den(:,end))'; %the final solution of Density
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den=(den(:,end))'; %the final solution of Density

T=(T(:,end))';  %the final solution of T

V=(V(:,end))';  %the final solution of V

gass_constant=P./(T.*den); %Check R again

Q(o)=sum(Q)/1e6; %fthe heat transfer rate in HX.

T2(0)=T(end); %Report T2 for design point: al design and d(tube diameter)

V2(0)=V(end); %Report V2 for design point: al design and d(tube diameter)

P2(0)=P(end); %Report P2 for design point: al design and d(tube diameter)

den2(o)=den(end);%Report den2 for design point: al design and d(tube diameter)

TTD(0)=Tw-T(end);%Report TTD2 for design point: al design and d(tube diameter)

mdot(o)=den2(0)*A2*V2(0);%Report mass flow rate (kg/s)

Heat_removal(0)=Q(0); %Report Heat transfer rate for design point: al _design and d(tube
diameter)

Pressure_drop(o)=P(1)-P(end); %Report Pressure drop (P1-P2) for design point: al design

and d(tube diameter)

f1=cp*(T3(0)-T2(0))+0.5*(V3(0)"2-V2(0)"2)+g*H3/2;

if Ki==0 %Proces23 is: Isentropic
2=P2(0)*den2(0)*-k-P3(0)*den3(0)*-k;

elseif Ki>0 %Proces23 use loss model of (Kroger and Detlev, H., 2004)
2=P2(0)+0.5*den2(0)*V2(0)*2-P3(0)-0.5*Ki*den2(0)*V3(0)"2;

end

£3=P2(0)/(den2(0)*T2(0))-P3(0)/(den3(0)*T3(0));

f4=den1(0)*A1*V1(0)-den3(0)*A3*V3(o f5=k/(k-1)*(P3(0)/den3(0))+0.5*V3(0)*2-k/(k-

1)*(P4(0)/den4(0))-0.5%V4(0)"2-g*H;

f6=P3(0)*den3(0)"-k-P4(0)*dend(0)"-k;

f7=P4(0)-den4(0)*R*T4(0);

f8=denl(0)*A1*V1(0)-dend(0)*A4*V4(0);

f9=Pin_0-P4(0)-den_in_0*g*(H+H3);
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f10=P4(0)/(den4(0)*T4(0))-P1(0)/(denl(0)*T1(0));

f11=Pin_0-P1(0)-0.5*den1(0)*V1(0)"2-den_in_0*g*H3/2;

f12=T1(0)-Tin_0;

ff=-1*[f1;£2;£3;f4;f5;16;f7;18;9;f10;f11;f12];

error=max(abs(ff));

Residual target2=1e-10; %Target of maximum residual

R1=P1(0)/(den1(0)*T1(0));R2=P2(0)/(den2(0)*T2(0));

R3=P3(0)/(den3(0)*T3(0));R4=P4(0)/(den4(0)*T4(0));

fprintf(' %d  %.2f %.2f %.2f %.2f %.4f %.4f %.4f %.4f %.2f %.2f %.2f %.2f
%.2f %.2f %.2f %.2f %.2f %.2f %.2f %.2f %.4f %.4f %.4f\n',0,P1(0)/1€3, ...
P2(0)/1e3,P3(0)/1e3,P4(0)/1e3,denl(0),den2(0),den3(0),den4(0),T1(0),T2(0),T3(0), ...
T4(0),V1(0),V2(0),V3(0),V4(0),R1,R2,R3,R4,mdot(0),Heat removal(o),error)

if abs(error)<Residual target2;break;end

%  mmmmmmmmememee- Plot Residual: subplot

figure(1)

subplot(2,1,1)

plot(o,error,.', MarkerSize',15);

title('Fig.1: The Maximum Residual of Equation System')

ylabel('Maximum Residual','fontsize',18, fontweight','b','fontname',' Angsana New');

xlabel("Number of Iteration','fontsize',18,'fontweight','b', fontname!,' Angsana New');

set(gca,'LineWidth',2,'FontSize',16, fontweight','b', fontname',' Angsana New', ...
"YMinorTick','on', XMinorTick','on')

hold on

subplot(2,1,2)

plot(o,error,'.', MarkerSize',15);

title('Fig.2: Zoom of the Maximum Residual')

ylabel('Maximum Residual','fontsize',18,'fontweight','d','fontname',' Angsana New');

xlabel('Number of Iteration',' fontsize',18,'fontweight','b','fontname',' Angsana New');

set(gca,'LineWidth',2,'FontSize', 16, fontweight','b','fontname’',' Angsana New', ...

"YMinorTick','on', XMinorTick','on','ylim',[-2*error 10*error])
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hold on
B1=[0,0,cp,V3(0),0,0,0,0,0,0,0,0];
if Ki==0 %Proces23 is: Isentropic
B2=[-den3(0)*-k,k*P3(0)*den3(0)*-(k+1),0,0,0,0,0,0,0,0,0,0];
elseif Ki>0 %Proces23 is: Non-Isentropic and use loss model of (Kroger and Detlev, H.,
2004)
B2=[-1,0,0,-Ki*den2(0)*V3(0),0,0,0,0,0,0,0,0];
end
B3=[-1/(den3(0)*T3(0)),P3(0)/(den3(0)*2*T3(0)),P3(0)/(den3(0)*T3(0)"2), ...
0,0,0,0,0,0,0,0,0];
B4=[0,-A3*V3(0),0,-den3(0)*A3,0,0,0,0,0,denl(0)*A1,0,denl(0)*Al];
B5=[k/(k-1)*1/den3(0),-k/(k-1)*P3(0)/den3(0)"2,0,V3(0),-k/(k-1)*1/den4(0),k/(k-
1)*P4(0)/den4(0)"2,0,-V4(0),0,0,0,01;
B6=[den3(0)"-k,-k*P3(0)*den3(0)*-(k+1),0,0,-den4(0)"-k,k*P4(0)*dend(o)-
(k+1),0,0,0,0,0,0];
B7=[0,0,0,0,1,-R*T4(0),-den4(0)*R,0,0,0,0,0];
B8=[0,0,0,0,0,-A4*V4(0),0,-den4(0)*A4,0,A1*V1(0),0,denl(0)*Al];
B9=[0,0,0,0,-1,0,0,0,0,0,0,01;
B10=[0,0,0,0,1/(den4(0)*T4(0)),-P4(0)/(den4(0)*2*T4(0)),-P4(0)/(den4(0)*T4(0)"2),...
0,-1/(denl(0)*T1(0)),P1(0)/(denl(0)*2*T1(0)),P1(0)/(denl(0)*T1(0)"2),0];
B11=[0,0,0,0,0,0,0,0,-1,-0.5*V1(0)"2,0,-den1(0)*V1(0)];
B12=[0,0,0,0,0,0,0,0,0,0,1,0];
BB=[B1;B2;B3;B4;B5;B6;B7;B8;B9;B10;B11;B12];
P1(o+1)=P1(0)+0.3*delX(9); % Update P1
denl(o+1)=denl(0)+0.3*delX(10); % Update denl
T1(o+1)=T1(0)+0.3*delX(11); % Update T1
V1(o+1)=V1(0)+0.3*delX(12); % Update V1
P2(o+1)=P2(0); % Update P1
den2(o+1)=den2(o); % Update denl

T2(0+1)=T2(0); % Update T1
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V2(0o+1)=V2(0); % Update V1
P3(0+1)=P3(0)+0.3*delX(1); % Update P1
den3(o+1)=den3(0)+0.3*delX(2); % Update denl
T3(0+1)=T3(0)+0.3*delX(3); % Update T1
V3(0+1)=V3(0)+0.3*delX(4); % Update V1
P4(o+1)=P4(0)+0.3*delX(5); % Update P1
den4(o+1)=den4(0)+0.3*delX(6); % Update denl
T4(0+1)=T4(0)+0.3*delX(7); % Update T1
V4(o+1)=V4(0)+0.3*delX(8); % Update V1

end

P1=P1(end);

P2=P2(end);

P3=P3(end);

P4=P4(end);

denl=denl(end);

den2=den2(end);

den3=den3(end);

den4=den4(end);

T1=T1(end);

T2=T2(end);

T3=T3(end);

T4=T4(end);

V1=Vl1(end);

V2=V2(end);

V3=V3(end);

V4=V4(end);

section=1:Nr+1;

Ponitl=section(1);

Ponit2=section(end);

Ponit3=Ponit2+2;
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Ponit4=Ponit3+2;

mdot=den.*L.*ST.*V.*Ntb;

A4=pi/4*D4"2;

Mdot1=A1*V1*denl;

Mdot2=A2*V2*den2;

Mdot3=A3*V3*den3;

Mdot4=A4*V4*dend,

figure(2)

plot(section,mdot,-*',Ponit1,Mdot1,"',Ponit2,Mdot2,">',Ponit3,Mdot3,'v',Ponit4, ...
Mdot4,'<','LineWidth',2)

g=legend('in the HX.','Position:1','Position:2','Position:2"{,}','Position:3',0);

title(" The mass flow rate in tube bundle and any position on the chimney','fontsize', ...
18,'fontweight','b',' fontname',' Angsana New")

ylabel('The mass flow rate (kg/s)','fontsize',18,'fontweight','b','fontname',' Angsana New');
xlabel('The tube row number (Nr,i)','fontsize',18,'fontweight','b','fontname',' Angsana New');
set(q,'FontSize',15,' fontweight','b','fontname’',' Angsana New','LineWidth',2);
set(gca,'LineWidth',2,'FontSize', 16, fontweight','b','fontname',' Angsana New',"Y MinorTick, ...
'on', XMinorTick','on',’XGrid','on',"Y Grid','on")
******************************:EndI&Ogﬂnn********************************
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Abstract

The concept of heat removal from a power plant by using
a thermal chimney has its basis in natural convection whereby
the air underneath the chimney is heated up by receiving the
removed heat from the plant through a surface heat exchanger.
The heated air flows up the chimney due to a natural convection.
This paper presented a preliminary analysis by creating a
mathematical model from  the fundamental conservation
equations. Results are presented in comparisen with numerical
results  cbtained from CFX, a CFD (Computational Fluid
Dynamics) commercial code. The results cbtained from both
approaches were found to be very similar. Pressure, density,
temperature and veleeity exhibited maximum differences of about

0.01% 0.8%, 0.8% and 3.2%, respectively.
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