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Numerical and Analytical Study of
Natural Dry Cooling Tower in a Steam Power Plant

H. Ahmadikia, and G. A. Iravani
Faculty of Engineering, Bu-Ali-Sina University

Abstract: Design of a natural dry cooling tower has been accomplished in two sections: the design of heat exchangers and the
numerical solution of flow through the tower. Heat exchanger (Heller type) has been simulated thermodynamically and then
coupled with a computer program, which calculated the turbulent natural convection flow through the tower. The computer
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program developed for this purpose can be used to obtain thermodynamic properties of the cooling tower such as mass flow rate
of air, temperature of outlet water, distribution of temperature, distribution of velocity, and distribution of pressure through the
tower. Numerical results have been compared with experimental data of Shahid Montazery Thermal Power Plant under different
environmental conditions. Comparison between numerical results and experimental data showed good agreement.

Keywords: Dry cooling tower, Natural convection, Heller, SIMPLE.

ST 5 s DS s g rb S oS S
D (sl a8 sl pedlS Sl s ST 05 S
ol oaliul oS St o &ged cpl Sl 5 Ol 5o 5 A5l
o Lﬂb&i}ﬁﬁ&éé%ﬂﬁ%l&ﬂﬂ.@‘
Ll oy = ol S 5 Lo los 28 (g5 Lyl 2
el a3 e | LT 5 eslinal &S ol eSS 7
3 O el Jaal slas 5 7z p ool gl au g iomen
w,ﬂwuu‘on,_nqctﬁaﬂs@,@jpw.@| NI
Lealss 0 55 Ll 5008 & 5 oSS e £ 0l
Lyl dag a5 L) s los 4 dlie cpl sl Ak
T oS 5 s 2 Ol sl ) = Ol 5
oy S ade ol 5h s sy S e el eSS
Sl vl o b S S Ss Glr b
el 535 Dlwle 5 (6B

bws 8 NTU 5y e it sliS S = 1 b
ol s b Gl s et S DN es 5 e
Gl 3 el B S 513 ) 355 Jlae s sladd gl L
5ol b g edd ) Sl Jie ~b r:wjij)j\
[V lamr o 53 ol 6l S¥slas bl el ot oslizad [V
RO BT RS WS PP JUS TN R [y

T e b sl slObl al Y=o S 5 b
usn o wb il cpl 53 diles S &1 sas S
aadllas (gl a3 e SO [YIKGluly oy oo
sy 3l el s S slgly eSSt T 02 Ol s
N I N e T o P PR PRER e
S P01 SHLKen 5 e gome yenes clilos S e3lizal sdiS

Jjw‘.:\; J’::J:wgb &)LAU;;L\“J;;S&}' cr Jde

\Y’A? )j‘ij‘@":’ L\ g)la...:r LY? JLM LdM‘

dndie —\

SSw Ol 03 5 Kot gl ilises 0SSt Slgatomne
L by it sl K Slgadtnn L gl o ab S
Broes lya a i sb 4 dle ST L S L s oS
L oldde ) S oS S Glgatonns )3 355 0 JiTe
St [ Ol Ly a8 550 e ealinal aBly anw s - sha
oL oS i b (i iS5 iy e
LS i oe ol gl s pmd OF 1 b
S SO Gk Sl e las 4 s 8 s A b A
L S Ll |as 4zt 5,8 0 Sy o O ale il
3 e 5 2l 4 s 5 s a3 55 el
Sl S 5 Ul > e sle S Jlisl 5,8 o)y g w0 O]
s g a5 LS US| img pss al e 3,8 o )50
U 4 aS ot sl b Sl 5 eSS 2 s
S il pise 5555 e Sl 0T OB
Sl Gadl g as pame 5l 55 Sl Sldes cnl 2,5 s
s e ol b aladsls s oS el LSS e T i
22 LS SUS 7 Ol 52 G208 Sy LU e
e 5 e Al 13 ol Ozl 5 ibis 4l
Slaazm s Gk Sl ol 0L o Sl eslinal )50 55 150
Sl ol Sa L s 5l solizal Sy 53 5 5L S S
b e L SlaS 5 e o b

O35 Ol S oSS e oo st (e
5 0=l s ui:@%«@jbw@]grm ol
SIS 5 0SS Gl S YL G jae
G g ymad o (slial) 5 St eSS sl

\AY



‘Jd‘c.:; oalaiul Cj S39,9 2 r).\:u C,&Jw )‘ ‘wLAJT

S S5 S 34 ) Sl G ol o

k—g o bYW Jue .ol ol oslinal 50 Gidate QL{»V.A
= Ol omen ol sl a5 S JlSa alizel 6l
e 55 01 Bl bl lame Jols 2 515 0 sdle O~
3odd il and bl D a e g5l SOl Jie
adslee 5 S sk s OVslae js aelor Osle K0
L ol dhe (b slabl) web ol s sl (655
sslial Ly ol sl S 5 0L (538 = sl 4l
Closa s 4 IS Ol g5 e odd g5 slall, slaael 3
Sl sl o 6lsn (o e S eSSt (Seluae s
Tt JF LS 5 e b S eSS 1 s P

u’)}TCM.)“J.‘)

Mom&cﬁ‘?‘kw&jj—v
gf‘tfb

ol e SO s dl 3 2505 gl &5 B
dlasl L 5 il odd osls om0 slales 5 035 pslae
S el (b aule BB S g 4 (6550 45150
Sl s 5 a2 ¢l LMTD ez )50 sles et
Il 55 g35,5 slales s 81 Iy .o 0Ll 5,1~
sl 5 i 5L LMTD ) 5l eslil (il o sl
o~ & NTU i), sl eslecal G e S NS

3 g g 03l
0L 2 Jhse SO s @0 ool )3 Slome 5L S STa>
O 02 il J a6 S5 ol Jsb L Al
Slome gl i S e 0 51 S5 (Sol> Jie
Qmax Lo ,S JUas! ST laie .cils dal st 1 Toin-Tous
i sb e drlee 3 Vslee 31 gy oS JUil adls ltis

dh = rha Cpa (Ta,out - Ta,in)

dn = m:vaPw (Tw,in - Tw,out)
Qmax = Cmin (Tw,in - Ta,out )

()

AAYA)

5Lz Jo <l VERAZD oy se asilian
SO IVIOLS s Dl 1y sdm 5o ol 5 b olral
T b I~ STAR <, oz J—<i’ $3de Jus
Jies S MGl 5 iy s 25,5 4511 s eSS
g 5 oo o S JUEH s (ileand gl slabl
Sl SIS s sl Ll s S ol eSS T
Ao S sl sds S T 0d s Ak dass 0L~
Nl e Sl eslinwl L [A]SG Wl 5 S samd sl s,
oS Sz Shas 0l 0L > I PHOENICS
o 3l ol U i o] iS5 g iles S s
Sl S iy 0Ll 555 1 2k JINSTR 5
Ailes S gt 2

ol bl o5 gl SIS glakly glads e
Olay 5 adiil= & 5L T 0o JS s 4 a8 Wileds 55
J=1s 0L d.:}i..w 03 3)lse 53 5 Ll (65L5 CPU
slads ol bl 3 amen [V s e s T
Sy wls o JF1 0L sade Jo s el Dlies
Nws oS Jls 5 osd b a S 5 5s Syl > Jde il s
Sy50 plsd Ly 4 B S S 2 s ol de L
$3ds = lasbly al ol asllas 55 5,8 513 o) s
o GO sl L 5 ot 55 oS St = 53 O
i oy s LS s 55 Sl e S
sdal o A{Cﬂj‘ e g_.JI sbes ¢l S 2 d_,}i.w
sl

s 55 0L o o3k o Ol w0 [V 5 5 oVl |
Sl oS Sd ST atls a5 oSSt
b= lyls T bl S 4 aS Wles S eslazal (g3ue >
Sl o3l (5 Je G ST ioman s (3L (s34
S 3T il Ol (sl Bl 45 Wles S ealial _alizil
Al o LIS el 0)ls (o0l 18 0L V.L}M ol s
s DV 5 5o¥sls Lo ol el (g5l s 55 piman

B s Lol e S 55 aadlas 3,50 2 2

\Y’A? )j‘ij‘@":’ L\ g)la...:r LY? JLM LdM‘



che A sl ol sle 8 Uil e A, e DL,
Wy =l sl S Jsl co o by dad ) JA=ls sle S sl
Rj s Laad ) cules 8¢ dyn Cnw &l > il s 15 by
Lezeslie ol icmnle S Uil Jlie 5o Koo sleaslin ol
el peled Cuaglie 5 O gy Sl S0 S glie fuls

Sl 53 158 oo b S Jlal g o I3 )
c]a_.ﬂ Ay s 350 e eslanal Hlse y sladl 5l ol >
SYslan ol bl s YO L Ve uils e b S JUis
sl ol sl S Ul s s pl Qi 4 bss e
52 e bl sl Gl s e sl S Jlisl oy 5
Lel Slusr S5 5l el 53 5 Liled SLUIY 53Y] ol
S O P Y PERRUEE O LI I WS e
el 35 3y Sl Jdes s e HLAS il euiS
S & VY] s 53 el &1 SV¥sles 1 HLis il Sl
L e

dagd oLS 5 5 0diS S gl s s Sl Jue
S5 ol 4 518 szl 50 (g bt Lgd 5 olrs
ol el ek el DL () IS5 5 e ol Silos
s, # s as coud Wb e L YFe olhls Jue
S 03 ) d 5 Sdy S 3 W sy aw Ll
o b ¥o Ll oo (W) s 53 o arsly ijls I3 iS5
3 65 3 s lsr Obr S sl Al s
O 5w S Slasein 35 o eslial Al o S S (gladn ;s
sl s (1) L Gllas bl s Jas
Ol G 35 e 510 m:tl_éjj\ F¥m: o, ¢
Y omm | 4a
PO i 0l Wlee 5 S e b g e
YoAmm laaly) ot ki WV mm el Ll s
WM Jds 53 5 g 15T e
=3 s as Ly OVl (V) adsles i oo gl -
S sk

Lo, "
U o; o

\Y’A? )j‘ij‘@":’ 1.\ g)la...:r 1.\‘9 JLM LdM‘

g.,_;): A{Cmaxjcmin 4ngU)Ll§)Ja})L§LAJ§C,?'9JECp

T 6o Tin (Ma Cpy 3 MYy Cpyy usbie Slis 5 3l
Jis 5l s ol las Tuou oS0l e & 53555
Taou 5 =l dds o 2555 Gl SbesTain 5o~
g byea ol ol ol Jdse 5l g2 slea les
J_]aquu_ﬂamdb el g]gkﬁfw ekl g s
ol gl S Il Sl e ) 8 el &S A
S 0 Slee gle S Il Sl
€= dh / qmax ()
Douls V.:.Mj;'- ol
ah =& Copin (T in — Taout) D)
084S Sl A O 6L NTU JLasl glads| g slaas
ol ) 5 03 28 psb 4 ol Gl Lo 5 S
Pydp S s ook 535S o )13

UA

NTU = )

min
Sl Jds Lo S sl JS oy UA YU c¥slee s
. = 1-exp[-NTUx(1-C]] ¢ = Comin ©)
1-Cxexp[-NTU x(1-C)]

CmaX
S Ol e Al Sl S S e G B S B s
23S eslaal cJ;:S&}Cf_ ol Jde b (sl dlslas

S (o g sie 45 (glatslae 5l aS ol ol 95 a0
'[W]V':;S oslaal Coul Hlse y slad J L 5l >

exp(— CxNTU7® )—1
C

¢ =1-exp| NTU"? x *)

Jds s ol g ds c]a_.ﬂj.a L;l;.:,aﬂ()\jj&» Ly Jlse s slad
e S dlaml ol o Lo s o) (Saly 55 i
1 1 1 S

= + +
UAface MphoAg  hjA;  hiAy
Nt o 3o o S b S Jlml o o UAgee 0l s oS

+Rj V)

\AS



COLUMN

FIN

PO Y NNNNNNNN

S F P ANNNNNNNN
P ANNNNNNNN
LOUVER P S S ANNNNNNNN

PO Y NNNNNNNN

15000

PO Y NNNNNNNN

//////////

N

A Sl Jde g S olasia (O

e sep b Sl Jae (A

e b gyl daw -V IS

Lol ides o5 4 St dde ) JLE5 S5l lodal e
Jde 5152 0L 2 ol asls an oman 5 158 (SO3d
S 53 4 53 (e A auiS oS sboles 3l (Say
Fo Lo usls o Wl o ausls 5 LS 00 13 on LS s
(V) Ul ax 55 b dds 5158 0L 2 o sl AL a5
G5B IS b e W G s Jde 53 o sl i
el s asls ilas (1) S5 s L o

3 eA Pty it Oyl g S 1 g e 58 5LES 2
DY Ts 5 o ariloen i3 dslas

1 G 1.76
APgeriy =[ 0.147+0.007 x| —————1 | [x| ——LxC, 02
Sin (0(/2) Aface

(\Y)
Appce <05 S 859,55 Slsp s, 5 Gig Ol 534S

.@wso};ﬂjswq)ba)ojm&&jlzcbd

\Aa;;QbﬁJaJLﬁsL.’ﬂ—Y—\"

)| ‘Aplouver LCJ_.I S99 le_ﬁoj_g)s DL, |j_A )Lil.‘.? o8l
LY]o55 o0 awlne 55 ddslas

2
G
APjouyer = (0.00548)x[1’dxck0.5j -

face

oS K Cﬁ 4."«.4_,.3: JU&.& I o of

aJslxe )‘ ‘APexit ‘T A g )‘ f}f LS‘_}A )L&d sl

AV

o; =h;
Aface
RIS 5

+
®o T]hOAO/Aface htAt/Aface

S g ) SWoles woliial 3550 e g8 e o

3
@)

+Rj X Aface

IVY ]ledel e @

o; = (319 +5.67% Ty, mean J¥ L1 (o)
G 0.515
o :1180[—1><Ck0'64} ov)
face
Ol s a8
Cy = Po,a ,
Pa,mean
_ Pajin TPa,out \'Y
Pa,mean === 2 3 v
2
_ Tw,in + Tw,out
Tw,mean - 7

‘]G_M'}:ﬂ LSLAJ Tw,mean ‘ui T R L «oV¥slee g)'i‘ 3
P aoute$29,9 LS‘)—A &5@ Pain < 5o P S G, “_.)T
Sl el s glgn S poa 5 s sl S

2yt gy DV e o 4 i Slo g

Cﬁdﬁudwja|ﬁjw CJ‘MBM -y
kS K
\'GJJ‘?‘)': lﬁ)w h:—-é‘—\—“

\Y’A? )j‘ij‘@":’ 1.\ g)lA..:r 1.\‘9 JLM Ld%‘



g wb 03 GOl e pwdia Ll Y IS

D, = 2x2.58.><Sin(a/2) p= 360 A
Sin(p) Ng

Qf‘méL@Jjua|MNd}CﬁQlijkéDi @slee cpl 53 a8

NG A
S el gl 8 A0 LB Ol s
Lot a8l s b 3L s) e sl L 5l 6 5050
5 Sl olanl dies cnl 5 2 b s s
sleussdoe Ul 7wl Jhd w4 el oo Ol Sl
Blos sl s a8 355 0 amS lag 0 dalad (g5, 5
5ol el slem b e Ly anil L) vl
a8 plasil g slal ilw i S 55 S obee)s
LDz ailas b 5Dy ey a3 gl o8 (g3 w

=S ee 4_354_.54_:.5J§J_EJ):H LCJ{CLE)H{«;.-}S

LYl
0.7<D; <H (V)
04D1 < D2 <0.7D1 (Yo)

o S oS S b e S Y
g;L:'L"‘: J:;’JJ

s sl g T slos (z 2000
...))Liégbsg}:f:%j‘.}atm.b"bi4cﬁ

S b e Sl 4 G 3l e 4 ax 5 L
NG VS LI P T WY

\Y’A? )j‘ij‘@":’ L\ g)la...:r LY? JLM LdM‘

e 9192 0L o o 515 - Y S

2
Gq 4
x 3 (\0)
2g 3.6 XPair,mean (D2 —2) X

3Dy 5 lalds 5l gy pe lsa o3 S Gy cslae (5l 53 &S

AP Pair,mean

exit —

C’" &WJ‘ A.Q.w\:u -¥-y
gy s am S iy Y 5 g s w18 55
AP =gxH, xAp (%)
&S}—vuu.} bjd@bbj‘f}g_,.w‘ ijjjﬂ CLOJ)\ cHe
6‘H)°MJ:‘:‘_“waLiJYLW)qu“ML
L bz gl s b sl asd e p ol 2 5l i
Q‘J«? b .})\.} .}?} ‘_}A bbﬂf‘\s‘ﬁt,ﬂ‘\s.ub 6‘0)\.)9\

ZAP = APgejta + APjoyyer + AP, =gxHexAp (W)

exit

kS S zr e Ib Gl 5 4l Jad 4wl —0-Y
Lds pa o Wiy s asly ag a5 L o 4y S
A bl slgdis Al awiS oS 5 sboles sl o aseie
T sl S VO M Ges 5 Y/E M 5 se 1 Y sans

IV]s 53 o0 dmilne 5 o 4 (F) G @ g L

\AA



6}2:‘:"’ g a\f}x} 6LM:|A la (B, el Olasein ‘_;‘;'L..s\:u @\IJ 4......;\.3.»—\ Jjb

Sl | e e oS
Y¥e YYA g gt dldas
AN/ OF Yoo (m) &z gl s
OY/T Fo M)z » YL Glas ks
YYY/YO \Yo (m)Cf- CL&:)I

dasms A ol S50 >l b Lal 5 Laesls (gl O 5 o

Dlllosle b Ll s cal sl o 584 Olgaal (6 ke

Vi) g 53555 O e 23 -

O/\:("C)Cﬁ«._:é:)));.jdu:—ﬁ‘

A :(°C) T BTy ui by =Y

Yo u("C) g r o5 slsr sles ¥

Qe :(°c)Q)lw»&i;)\}'ﬁmcﬁjtﬁjfgﬁ Sles =0

AZ/IMY (kPa) TR G308 Sl ,Ls -#

Fo (ax,3) H:;QJJL@UMS&:{«UU -V

(V) dsder (mls laslly aml s as ol ols lagsa s b

e Aot oS 55 o slmesls b ekl osa

ol 5ol a il polie aslin Lilodd anslie Olgdsl

Sl b Wy, 05 ki skas OLAS (V) Jgdr a8l
b Sl et ) SIS s e 0L (1) s

)sjma\ﬁ)ﬂ\@\)g.wmﬁ@w@{Ql.m;.:w

J L sl s ol ol aslitul o2 S T J=1s

T T s S5 s (B b el 0L (soue

S b gl Sl o8y 0 ks Slaseiia L oS S

Jre 3 oS (Salussn 5 Dlasila o) IS s Dleaal

S s C)_g)l..f._é ] T LC);_)'\ I u] sles

JuIL;d wbgé:;b)jjaﬂt{ LL;)‘)} JJ?AM)J |}A

5 b sl b (S Vsl -F
sdiS K T rb)k’»

e Lol » ol didee DU 3de (gSland o

53 bl ol Sl ol b Jlesl 5 o Lalsy 5,5

A4

(st B Cf"j‘ o Sl sl =)

tlos Lo gia (slos 3 1 1pn 5 O (Ssdge s ool Y
wis ple S cd b JB el ol ol oS e
Ll Sl Colds o b 5 s S

S A 3 by e D Sl sl o0 Y
PoAS pa Do patia LGl Y e
(S 50 el Js

Sesliza U gl Jie 53 0l Jime sle S IS Olpe —f
53 o daloes (1) Wslaa

s O S5l LS It Ol 5 LS Il JS o5 0
Al e s 4 OV B (Y) SVsbes 3l aslizad L1, b S

Ll JS Olse ol 31 G0l Js Sl s sldas 7
3 g g s O g S sl S QUi Oljn Lo S

g (V) adsbee Sheslial Ly 2 5l (s 5 slsn slos =Y
‘J‘:’Tu‘ Cewd

e g Slen Gl S L B e A
L?V.:;S&»)\JSS sdd 03y Ll 6lga glos Gl 4 ol
R O L W U P P PR Y e
B 5l S Al

Seslil L 1y ades STt s ailas b 5 aly ks -4
(S o amle (0-T) i )3 0l &L SV¥sles

sd ) SVslen 5l eslizal b 1 akeS St oy gl =Y e

(oS r el (F2T) s 5

&yb&.&}ous& Tr ‘?‘Jb 43_9.@3 -0

°J‘_‘:’U")"\_?LS‘MLi‘)MLf&‘):‘:‘?’C‘sJﬁd}GMLS‘j

\Y’A? )j‘ij‘@":’ 1.\ g)la...:r 1.\‘9 JLM LdM‘



,
1%,

Hewt Erchnpgar
101 D

Olre ‘dfh""." L "e\f"ﬁa' oS S Cﬁwuew e =¥ }S.w"

S 2 (Sl SVslae lly K3 3 (Ko b (slgieeS Jolas ~YU s

WSk dsles o Ty So
N g 1 0 0
by 3 o + op
X gliwly 53 o g u R+ _&_(p_pref)gx
by 3 o + op
TGy 53 e o v R+ My _a_(p_pref)gr_fr
S5 T r+TI dh
ilassl g5 k u+ B G-pe
Ok
szl 65 S al e e’
ol 55 Sl € g+t C,GE-pCy i
O¢ k k

X Sl 5> o glaadlse L 5 v U G DYolee 5
Heinl S olid g edlw Sl los 5 ST 5p s

b GBlws ol Ty S pJse (55,18
o Ty ebds colls o 5 5 Wy @b (55531 560l
W gh A S e

2

k
thpcu? ’ rt:u_t (V)

Pr,
sdee oeul O G Eo e s olalazl Jtie g5 lk
Sl S sd eas S L s Pro=e/4 c(..b)’\."_a =

\Y’A? )ﬁj@"‘:' c\ ;)L«.«.:v CY? JLN cd%‘

oS Wslae 5,8 e s SL WSl Vsl
oz 53 (o gmee LW L (g 53 b olralr 0L~
23 e ge S¥olee (S ol Lol gl gl lazses
v.]av\}d.)wagjaﬁfgb\]:l&a}‘_;jj\dﬁu‘r)x slac e
Sl O oS Voles IS5 Ll ISl ke

Lot €11 (V) Jsdm 5 (V) Wles 53 § 4l CoeS

o(p9) , 0 10 _ 0 d
Y g"'_a(Pu¢)+;—a(PrV¢)—_a(F¢_;;j -
10 0
+¥_(rr¢—¢j+s¢



Ll il 50 el

_ap
H
o s 35 s 3l 36 SLE 3l AP G olas
b g dmale (VF) 5 (VF) OVslas Sl eslinad b 5 ol

ubl’“‘)bqh‘g}g—‘i‘\—fu—?)‘)"d-)\—:ﬂ)be,\,i P LSL‘J§
aelee (V) adslae 3l eslinal U 5 cmul sl oLl 5

f, (YV)

OVslae 55 Sl Jdew Ges 3 qn s fr olie 558 s

L e Lol el Sole S go 4 S5 5 e g

J= Ol &S -V
d Ol s S Sl e ol S0 S
Sosy S sl sl ol .l sl eslacl
i byl (LaS 0Ll S L > 5 93505 4l s
J= = H 5 C g i 55 51.00) JSo o o 03
el atils LS Cu S ol ol eslial UL (g3de
Do am O gade I sl wl n H g g Sl ¢l
PSR N AR S N ENCI DE PRI Rt
LS s slias [2alS (ol 5 ol sls sslizad Ol > (s3s
GAL S Cledd B 5 5 5 i g 05l Culbis
i b eSSt 7 oslms b 53 53 30 il s
534S Syl 53 S ke 5y st ods lasl 340 pie
L, el sl 51,8 0T B Cnd 5 2 0 53505 4L

[\\C]J;‘o.)\.lr ol )‘;5 )"‘J"

S dul s 5 Ok o J gy A
= L) 2l e 25 5l O g3 >l
jﬂﬂg_rk;»ow»ﬁ[\o]ﬁfﬁ sl &1Ll (UK,
S 53 Lo it pla Ll a5 0 53 el e oslind
S ol iy 5 L Bl S SRS e s e
Ol Uls V¥slas 51 S s Sl 5l ool Hlaas
Pl L5500 3 5 asles LL &S ol po s Livn

e ALl o gl St 8 pl S L el

14

z (m)

100 200
r (m)

Jo Ol aSes -0 IS

S ol el ol e ol e Silenew
‘.x;JdA s sy S¥slas HIT e Il

Hefr =M + My Legp =T +Ty (YY)
Gl polizel 550 W g e G oY) Jodr SVsles o
S P SRR

an + 6UJ
an 6xi

1 - 1
G= %SUSU + EHthVT Sl_] = (

2

(¥v)

Joos ol Cu s0g 0k & £ ‘r_bw Jis glgnl
VY /N DAY O/FF (S s s dtees 3kl k-
Lleds az § L5 55 0/4

ot G5 ek olaals J0l B s 0L > Lele

o Lol edd albx gl ) e e doles 53 a5 ol
el O e VWS 0 w8 5,58

Fy==(p—prer)2x =P B (T~ Trer) (Yo)

= los Tier )‘H&_WLL.‘V:.H o B QT)JAS
Ll 0 ds Ol oo glos ol e sles ol

T 2305 02 4S5 Sl dds s 51 A0 e slie

T g 53 g adales o f IS0 a0 sl o oals 513

\Y’A? )ﬁj@"z 1.\ ;)Lo...:r 1.\‘9 JLN LJWJA&‘



23] ain sl 0 a8 S5 55 VARV Yo (o0 S L)
Cgr 43 9 Ar/D=o/00\A T Ft e o (VAP
CLAJ)H)J_E_SD aS Cwl Az/H=0/00\V T g
B Je sl s 05U ) el gl s
&:_U\er dﬁuu Cydas <z Lol= glaeylgs s k—¢
sl 0333100 5l S Sl 3l day oS

s oiiS (St b sl s sl sl
s ol ddes Slasilia (r ek Dl sl
Ll iz 4 305 2l sl iz 83505 T s
e b ae (O) i 53 oS L5 5Lis des L 5l ame
Sl les s 235 5 g b 5 sl (2 5 S
ol e S (F) i 53 st

ol (Sl 5 el s e s, uT by aolas
Sles Tain g (F) K5 55 ol eds €L (F) Jpdr s
u] sles Twin ‘(CJ_" 699 Sl bes) ks (glsa
5edd S i s~ <l sles Twoutp TSP
ssbobes .ol ol (6, Se3I0l x5 5 ol gles Twoutm
s ol gl Gl el jasis (P) 1SS 53 &S
G V/eV 3l Twoutp-Twoutm sl (5 ,S o3l 5 el i i
= e Ll S e S sl a5 Y/PY
et des 53 V/VY L5V /AA 51 Twoutp-Twoutm/ Twoutm
AS s

Lo lya bl js ol 5L gy e LY 51 SO
s s ts\f;;ﬁjasgujs ol ol 5 5 oSl
03 5 Sloaceg L sloml J0¥s 51 ;80 S5 )ls 5
slales ol ol bame glos &S ol il 3 s e S
g I g W E

ol s hiSSe 7 ms 2 ol Glos is (V) S5
o=l 03 S s bobes ol okl e 5 lame Glod ol 4
Ol les s glos il L el ol osls OLES Js
S s Ol les (b e Rl 7l s

S o0 gz Dl s (63555 Sles il B “ oz

\Y’A? )j‘ij‘@":’ 1.\ g)la...:r 1.\‘9 JLM LdM‘

2 s B bl sty Sl J> 5 SRl 4SS
Sl a5 e g ata gl i glyls LA)'JAAS&AK;A
t Glate J S o 4s e G Ol AL a0 b
o pi Ola gl ) S S S s wa gl gla e
sl Sl o r Gl Gt g 10 51 Pl
gl ESl s e s e S s b
Ol 55 0L 5 el (s &S O] T 5 s eas S
RGP Wy e
bl Ol S 5 2 SSLLsT o)l s (55,0 b5 )
OLsl S 555 b e ooliial Cs s slaadl 3o (gl 553 ple
Cewd 95 53 350 o 03ld I3 o eyles 55y o les 5 A3
o e S 0T 53 48 5580 03 S Colgn $5 0 b2
S0 0> Mg pas ad o oLy Jo Ol J515 510G
S 0Ll 8 5 el eslinud Sl (5,0 b i O goe
DL Joemw (g3de gy 5 gl e 03ls S 3 i s pate
Sl ol a2l Sl ed e ol Las e pled G0 2
Ol S 5z slaeslms Bk 55 555 2 8 sk Al

RGN oslarul

cu w3
ol Sl S5l Jde O gt YYA Jal T ol Jde
Sleise 53 Of lis il 5 LS Jlal s, 5 Slasin o
T s Slaesls o LI [Y 5V Y]l o 5 () 5 (V)
Sl Ol s b dgd o5 0 anb S sdiS S
D3 el 55 (laand ol Glaslos S (g5lu jtne
LS5 0 eSS T s Slopat 5l s S
S 5 e eslizal (F) K3 3 e esls 0L (g e g
ol 4t anlllas .o sdal s 40 (0) K2 53 s el
Voo plad 4 il gl oo S Dy 4 g3 o aals 5 aBl
L) Rl k) e Yoo gl s (m gl pln ) e
3o JFI oo oS Sl sl Ll edd Ol (7

CJ.: L;ut?- 4._.2-[; L )/\"X\/\" ‘(d)‘ LS}L:) QI L;’L;jﬁ CM»....\..;

4y



A o o 5 45 0 (5, S 03Il 5 ok fw i s ol sles Jldis auylie Y g

e sl U;ﬁ@;,;gh;m fj)é;.jél.u L;UJ}JL;L,; Sl sles .
3
() (°C) ol oo (°C) sk (5, So 1l °C) (°C ) Laes
Y/ AR7ARY v At /0 \
F/o0 YV/OA Yo ¥4 VO Y
Ve \\Yidd 1 Qo Vv Y
\7AY4 ¥o/YO Y o) Yo ¥
AR ¥Yo/AD Y oy YY o
Y/YY YA/AQ Qe Fo Yo 4
Y/oo QY/oo oY Y Yo A
\/4A ov/ay oY ¥ Y A
60 B m
i Ten=3 | Tah=132 _
55 e — ity Lito
=~ B [ ] Experimental " . !_ iy ) . Tl
oL> - Numerical Simulati Tairya = || Tl _|lﬂ'3‘:| [ ]
t . - ! TormEl5 | Torma | FPATED wireh] | Twirmi]
E i ! 4 | Terreas
§ 45 - E 0
b |
St L
34r
S I o
35 L
B oL | | | | | |
B 1 1 3 4 3 B ) a
T T T T T L N 2 | & L T B
305 10 15 20 o5 30 35 mhrsdgabed | M7 | wse | eee | w2 | wmes | dem | @ 0258
Ambient Temperature ( °C) Bead Poerd

}@Ndbéﬁﬁ%&cﬁﬁ}}yiéb:ﬁ?ﬁ—vp
S AT g o8 5 5 slaesls b auy s

0/2Y O Jldde 5 o35 0 550 3 St Sl Ll
T 3l Goe e (23 Sl el alee GU 1 ke
s a4l oS 2o VRAYY S G Ll 5 o
el okal
S sbolea ol sl esls 0L () K5 s HLis Ol
23 53 g 255 4l o LB g e el IS0 s
3 e Al A o slaaila U g es s dnnll LIS

T e b oo el 5 Al e LI 2 slaals

\4y

Sokd w9 o) (sl Hldie aulis —F K2

ol ‘_;xfej‘.m

Golwand sl 5l Alol> S a5 das o B ol sl
Al 58 B a5 B s es gy g B
Slos Lyl b 5o 0L bty S glasls  Olis
7o°C 7z 0 4 S350 Sl sles 5 v sodos 42053 YO Lo
slaols S T S0 aJ s sleds s M) s 5
g SLSU s 0T a5y s 45 5550 salis
Ao S als Sl S e lezp 3 ol OL
S Ll Sl ol epl e 10 s gy 2 L s 03

\Y’A? )ﬁj@"z 1.\ ;)Lo...:r 1.\‘9 JLN Ld%‘



200 [
] !
1754 !
1 !
] |
150 |
] I Pressure (Pa)
] I -1.08
125+ ! -3.45
= i -5.24
&,
100 = -7.03
~ ] -8.83
] -10.62
7577 -12.41
1 . -14.21
50— -16.00
254
0 - L I T = - L i T I L T I

I T I
-100 -75 =50 -25 25 50 75 100

0
r(m)
T it s LS Dl -4 S5

G =S o3l 50l o i 2 o les LoDt

el VAD OT e 5 03,8 a5 Y/PY 5 V) Sl ol
sles g Syt Ll o (53us Silwand ploly
Tr 03 S SleS w55 SR 5 3 o
N e b Sl s S 15 eslanad 5 5e
T J=ls e b sl glacdl (a3l Loyl 5 53 sl s g
Lo, S S a5 5b aas 3 (5 o ol gy ol 20)

sl Slsles glast Tr &S00 Slsn

Sla,  Kis
Ol 5 (s daome dgd oS5 5 e 2y e
L s Ol Cmlex L oS oS50 cilis sladls o s
S 1y G ol Lol oLS 5 10 0T SIS Sl aslizd
Olaze cnl Dol 5o, Gab s 2 g o0 Slasdd 5 S5 sl

ka5 351 Jlaze Ll 51

\Y’A? )ﬁj@":' 1.\ ;)L«..:v LY? de LJWJA&‘

)

o

o
1

—
N}
w

H
o
o

o b b b b b b by

0 Tl
-100 =75 =50 =25 0 25 50 75 100

r(m)

Tr o 5 S5 Ol bk 5 s Ol A JSS

S5y Jdsan 7 o00s A 3 ) e phenall HLAS 4
ol ool i3S 4l oy S

6;4"&53—\°
ébMJ)jf)‘fd.L@fbbélﬁ 6\43[;_‘) MUJ{
O3S = Oagm s S350 o b b Sl OL
&Cﬁdb—.’d“—"li‘) uuﬁd\.x\am&ﬁﬁgﬁu
A.M.iu.a RSV I 4 ULJL‘:)T QW‘ éJJa.TwA Jm@..lv elfjju oS
g&ibt.)_lﬁ Cf eu&&- C)J f‘;]o 6‘4.>L>|) MLJ.: CLD
QJ_}_ZU_:LE.A}LSJ_EJ L}Jl_.ww:“: olis ijb 4.?_9»4'
J)M’Lbéablﬁl—w‘#ty S K zr f‘)b
chu_?)‘fdwd_hbdkjubfébi_&
il ol Glas il eSS 1 (Salus e
uf')‘fdMCM)b‘ﬁC,&ﬂ)Cffbng)w

vbl;a Cowd 45 (6 233 5 4b

\a¥



—

colocated 3.
body fitted coordinate 4. Heller

. H. Jaber and R. L. Webb, Design of Cooling Towers

by the Effectiveness-NTU Method, Journal of Heat
Transfer, Vol. 111, pp. 837-845, 1989.

Cooling Tower Document ‘Shahid Mohammad
Montazeri Thermal Power Plant’, Isfahan, Iran,1984.

. 1. D. Buys and D. G. Kroger, Cost-Optimal Design of

Dry Cooling Towers Through Mathematical
Programming Techniques, ASME Journal of Heat
Transfer, Vol. 111, pp. 128-133, 1989.

T. R. Penny and D. B. Spalding, Validation of
Cooling Tower Analyzer (VERA), Vols. 1 and 2,
EPRI Report FP-1279, Electric Power Research
Institute, Palo Alto, CA, 1979

. A. K. Majumdar, A. K. Singhal and D. B. Spalding,

Numerical Modeling of Wet Cooling Towers, Part I.
Mathematical and Phisical Models, ASME Journal of
Heat Transfer, Vol. 105, No. 4, pp. 728-735, 1983.
A. K. Majumdar, A. K. Singhal and D. B. Spalding,
"Numerical Modeling of Wet Cooling Towers. Part
II. Applications to Natural and Mechanical Draft
Towers", ASME Journal of Heat Transfer, Vol. 105
No. 4, pp. 736-743, 1983.

Y. Caytan, "Validation of the Two Dimensional
Numerical Model ‘STAR’ Developed for Cooling
Tower Design", Proceedings of the 3 Cooling
Tower Workshop, International Association for
Hydraulic Research, Budapest, Hungary, 1982.

140

indirect dry cooling system 5.

8.

10.

11.

12.

13.

14.

ML; oj‘j

louver
6. multi block

&
D. J. Benton and W. R. Waldrop, Computer
Simulation of Transport Phenomena in Evaporation
Cooling Towers, ASME J. Eng. Gas Turbines Power,
Vol. 110, pp. 190-196, 1988.
D. Radosavljevic, and D. B. Spalding, "Simultaneous
Prediction of Internal and External Aerodynamic and
Thermal Flow Field of a Natural Draft Cooling
Tower in a Cross Wind", Proc. 6th IAHR Cooling
Tower, Workshop, Pisa, 1988.
M. D. Su, G. F. Tang, and S. Fu, "Numerical
Simulation of Fluid Flow and Thermal Performance
of a Dry-Cooling Tower under Cross Wind
Condition", Journal of Wind Engineering and
Industrial Aerodynamics, Vol. 79, pp. 289-306,
1999.
M. N. A. Hawlader and B. M. Liu, "Numerical Study
of the Thermal-Hydraulic  Performance of
Evaporative Natural Draft Cooling Towers", Journal
of Applied Thermal Engineering, Vol. 22, pp. 41-59,
2002.
“HYSYS Software ~ Documentation,”  Shahid
Mohammad Montazeri power plant, Isfahan, Iran,
1984.
[13] A. Bejan, Convection Heat Transfer, Wiley, 2"
Edition, 1988.
J. Ferziger and M. Peric, Computational Methods for
Fluid Dynamics, Springer Verlag, 1996.

\Y’A? )j‘ij‘@":’ L\ g)la...:r LY? JLM LdM‘



