[ Downloaded from necjournals.ir on 2026-06-16 ]

€yl g5 0 (aolilind) ale i
AY = VY doan VAR )L@d A D)LQ.A:} Y 0)9d

Byl & w15 s Wb oue wiy
SMgi ST b Olg Slo 5 (8551 (b3 5

Tloo V! § diwgy AL <3 13 Bl ol s 3

29> Gl (o T (Bl (sgmge S o T Mgy puime T gazme o)y

S8

a b ploBle > (555 odes SrorSBpan I (S Gy & bajby:
&y 0 &P el ‘Oi 5)Slos dauty g o&iwd oyl losly iolial ( > o
g b ol 50 Ol ials g leidbe (55l Bpan 1 39390 IS
2 S5 el auzm (3liay Lialil g (s slacs) il wlio Codgioe 4
I sxSore 33508 dgme Sz 3 o)lgen Sl ol JENS Mg < L
oty Ll ol adlas pbol s WloudeS caslio IS Slios
S8 353 Gl ol (slaS 5 s5gm o o (55 i b
Je il bl sl o 2y90 (e K>l oo glse Ay 5 Aty
CFD (5,5 55 buwgs 5yl (2bik 3] 5 & 03l o glge dg) 5 sty 5]
S0 dtwg J3I5 o ladlg) glie (6,58 i)l b cadllae cpl )
B b e o cwl a8 S E Lt 5)50 (dde Sygody IS
Sl oy 3Slo ol Candey gl Gollhao g sl oA Sriwcone lKiloj]
e s &S wibe N g 5% ol Cundty ol o ol sdalie
dw b dgd Vo ol ¢ cpizman Canl Joyg8 (Bl I il (goie (gilwdnd
Ol b Jae & amd o i ol sl 4 3 )13 dingy J3I> ) cogléte il
o 20 6 Sl o J) g oy 5 ol (5,515
il o ;00 Jde g0 &

1l 6
WAA /N /A

iy &)U
W /vy /s

1gls Olals’
(B S
ol Jae
‘Sl it
lse 4y

@de (gjlwand

sh.mohamadi72@gmail.com o1l b o855l 98 5 pole olSiily «SSlSe putipo 24K b)) (wolis ).
(Jstme 0 gi) ol bl yslo s o pole o8l dSilsle  swtio 018l o )labiasl .Y

m.pourfallah@ustmb.ac.ir

S.s.mousavi@stu.nit.ac.ir Ol el (b Slgpeiigs (imnuo olKiiily «SlSe pusdips 0aSEND (585 Y
m.a.delavar@nit.ac.ir Ol b (b Slopmdes (smino olfiily «SKlKe i 0aSuiily ojlusils F


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

el 50 (elilas) ale 45 / IYAR oy ) oylad Y 65 A¥

dodo W)

WS (o0 S |y i o5 25 laze 4 33 39290 (6551 51 6361 UL lapienes (IS sk @
2 S5 o g WS e 0alitl (65503 lame b s 395 (35 Sk b £S5 il
5 Yoo )y celbptums (gl S oo i s sl dudo g5l 4 1y i bl
ol lajl5 3l 5l Sl s o 298 00 o3litul ()l gite plgie 4 (dead (lacdgw
a8 zg5 5l b )l g5 BT ¢ ]y 51 oyl p> a8 bl 5l g o il 3l
o3 by 5yl bl Bk 5l pliee |y 4T3 (6531 ploily sl ol (el gl
e sl el Wi ¢ iS393 5l (63l Ll 4 bogrpe Pl 3 00> aljal ¢ iS393 I (295
oplo sl (iS40 5lyinl GV game S g bod oy (00 bayielyl cpl dlos il e
b)nlegsSTl g (53l sl jlosliwl b (5hlie & Cusl dnsle LB 55 (651 <8bjL ol

b 55 0095 (glod (135590 51 &yl bbb wdges b 1y o dule (65,30 Hlade o olgs oo

2k Mae s ) g5 ool ol 0238 e Cuniio 13 3] Ll (slaSs ) oslizal

&S gy oplys Sy ol slod & gy Lol s’ o 1y Gl 5l ends wgs J S 5l
P ol lod g 2 sy uilisS uild lgie g 4 3l oo oS Bl 420 00 I YL
i abal I YL onigd p)S g 3lynl OV game aaiSSiS Jole Jlw plgis 4 &5 135
oy wind a4 b a8 S ) ey O o wlg es sl glysl ol iy Oyl
Y guasee (50855 Jole sl oads Q] s opl)d 0593 oyl 43 45T Ly &S g0y
bl iyl caaSil pogMe Glysl slon (35Sl b Miloe S 3linl lon 3l
losily Gal33l by 35 uitane el uaiiana oo ) Slasily G 2 ogMe aleg g uilasS Ll
A5 el o glysl glosly (lyal Slon (35p S e ©ygeyd oS A aalsd dsgerme
=9 56 Bl piSTly aSud salgs i Lo (il b STy ploxl puild (oliesd sla STy o)
Y g mind dali ) Glie) ) Logas Iga (glod a5 (ol 4 dagi b (W3l o (alrond J1ST

Dy daled gl gl Y sase By uWilaS il bl e


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

Ad e 55 ik 3 g Sl Gl b soe

s (oS (S5 i sloc g odlizal | o] > 85 S i (slacK
Gly! SV game (slod (58, VL cage (551 ilodlil g Blinl ahny 0y e g0 Sl
Jolis 45 £l sjl ol s 3y9e SCSed 13 D9 e (315 Blo 433 0+ I 5V Yoons)
S>3l o a5l Jole Jluo & gt st |y oS cdiligm S5 5 5l S apuslesd
By Y g gl ol 31551 S e 3 35290 Ll 5 o St ala)S )5
abis I YL (35590) alati cpl yd 3yl SV game slod oS bs o] 5l g5 0 2B LiS393 5
A5 1ml56 wle @ )ygods o g Oy cplply sl e slypsl S game 3 O o wi
Sl b s Sl poml 4 Bl SYgams glod (B Sy 3 S yge
&gy g g0 wlAS g ol 3 i gt Ol By ol plpl ol s, Glysl SV guae
Lo b ol Glo LilBs (lbcsos galuwg 4 )l 935 Sl j &S s ol b )s
s 5395 J Bl g 5 (555 45 0 Gl (55,1 e 35 o (sl o
b slgion (b S5 sl 905 lgie @ (Jg Conl ditanly g £95 40 (b Gl sloyS) 2900
Ay AN
g o B g 29300 ol b Lo 58 g 0ad il &)l (IS Loy
4 35 oled oS ol Db s ale Ol 4y g 0ad uilaiS 5l sl (3 cuss 1L
223k dlgiee sads Gl Glire 5 o g5 41 dny Bl e Jos ol & 3550 000
o Ooli )b v 4 Sy Ol lod 4 (S Ll glaanld il oy YL VY L
g W & o ly) Jue Sl 3 48, ) 4 iz 3 (il i g LIS Sl
Olel &S a aiil sl blieyd polie (slo i b LI clacSod (o &S g dales (5,5 0
2L 35 BeKod ol cad sl eadyd 215 3929 PI=5 b uilaiS” Ol PR (VL b sl 05
Ao 3 (V- +q) oy Kon oyl Tomeds sl JUis! SIS &y osd LulisS T b 39 plogl (s
ol il Bum S o o3l g 4 (£39y5 T 2,5p S Ut sl 00 b3l (5 5l 205

Do oo Mgl dia (ials el a5 00y hgr lesly Lyiul8l ¢ iS29058 )l s Bl L piim £

1. Schiffhauer


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

Ol (557 (a0lihiad) iode a5 / VYRR Yo ) )leud VY 03 AS

g LB Oyl 5l by Gl il 2090 (LIPS oy @ (VoOY) hlSen 5 2
S glwl Sl by e LS ks 3 (1539 S LS sl > 2925
)1 olaiwl UK‘" ) dl).: 890 aalllao & LQ)] c.b')b PR uol> L:}l)b 4 )Lu LQDJ.JK)
) (S5 F+) Sy ol b ol s S0 3 (5 5 (ool b J) S slo b
055395 a5 by p3 3g3ge O 1o s oyl @dbib b aS aly L sl andllas Laslosls plo]
Cass g 3535 ) 5Vl Slaly & 5150 ol s IS o5 (sl
pogasay (o9l il galS gl Al e (e sl ( (B ) c8L3L 2 0pde
o3lisl (gl (8 @lgo 31 1) (285 Ol (glod 5 (50,8 el 93 Ll g e o D Bl
sly 5o Vg g (n)S 3Y98 Wil dlge I (S adllas @ g 038 Gl IS slajky
Ly (53,6 blis jd Cuglie i3l

2325k Gl Sl (Shb Jgol 5 (olol (o & 395 5 dlis 3 (VF) s
018 elacSys ) odlil b iyl S s Sy nhb (gl |y auslsl ool dlio oyl aizsls
e ey bl s ] s 45 e yS il gy b Jgol (opiman § 030 &)
o0l 528 g ceny o5l ¢ oS Ayl s b (555 eSed blie 1w of slaKy
b olyon 1) 0ad 03500l (sl 2ol So a5l (hade g3 9 3)15 0)L31 Jhgy S35 5 8L (il ]
oo il ol 4y iy (isSx 3)5003 2o 4oy

5l slaegeze d azme Jlig SO Slwbre g (s38s (gildie 4 (Y4IY) Siw‘b.wl P 9§.w;9.j
aslio 3l 51 T Slaslna 5l Jools gl siz315 5 Gl (gladly) ) (glds gozmo 5 4l claaly
adllas 5y90 sl 3l 00 Al Jae gy 1 puine Sl K o a5 aliylo]] clacus mls |
4 odd poxe odd b Sl Jue S (g9 » il te Cunl 00 riwcouo w0l ]
S5 4 wtin (giludse .ol oad ploul gl pY > (B g 5l i) egeinegl] (sl pd

(S B by Gy e 2lbyiel)l b oS Glise 4l s 4 ) Sl Jae o5 Wil e

1. Chen
2. Jones
3. Antonescu, and Stanescu


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

AY e 55 ik 3 g Sl Gl b soe

Slodldy o Coled 53 Canl 0303 il (b o (asudie @yl 5] sl yzel )l g b dwiin
s o3gie 5 ond oanlie s bl ons plol Glasbes §) Jols slaodls 5 oss (5,50l
Bl doyd G 393 (Gl ledily 35 9 SS9 egmee )l JUiSH sl

slosbg (5393 5l (293 S 5l @)l bl by 4 (V215) oy g KSlaS
5 gpylis Ll bl Cogu Bpao )3 agrdbio (e 59y 2 @Kl Sy 5 0d an
Oyl bl s (sbassly jlgylw 1 )3 9 038 (qwyp |y Ol bl Gilisee o,
695 opods ln (Sp St b g s ilogisS] (i393 JB HguiliiS o2 (Sl sladde Joli
c@lynl slod 3,50,5 o (ol Jol (s sluw ;0 adllas (pl 53 i bl &yl 1000 )S ooldiu]
S el sl pges 32l 39 el Gile)S e 13 55 (slg e (sl £33 (S5l
Ol gl dw I odlatul pl,SL> 25 IS5 53 canl 485 1,8 ooliil )90 (leisls (Spas )5
Cowl os 02l

(855 o 332300 i1 )3 55 50 amgacme 51 Bl 5 (25 slaodls il 150 (55 5
390 )l bl slasaly (ool oo g iSag> lyl I Jols ol (b by
5o y3V8 clslns | Lol gl b sl 05 plogl il Lawsgs dylo pus CulS 3l (yesd (6 adllae
Soslawl b as 09 o cali la 158590 3uyb 51 Jlo jo ;¥ 158 FFY Jolee Wl 4 (6399 (5551
Oil38l Cge 9oy (Eals i a1y o ylgs Gl g B as (lg o« )l > 8l 5L calises (glaisly
e oS sl 0393 sl ) (gbsS adllla ) 53 o0 plol Slalllas g sy 4o 4D o]
4 a8 035 oy DA 5 YIAD MY L ply cd b ) poms g p9d ¢ gl (S0l 0 Chgm ogddyo
Ol 0lo¥ )0 YD Jlia VY ¢ yliuo olo O 40,V 152 ¥R Jlude ) dylo o CuiS5b cogo cud
Wb Anled ol ole ¥ 0 ;Y0 5 VY.

cge ol et Lol (guie Syl oSl VL s (oo @)l danlgts 48) )08 (551 s
599 ALBIS JUS cdidgy uguime Oyl C8LjL Sl 4 &5 Cyl s 8Ll s (slaby, B ad

B3l ol ol cdbil iy nie o) Kal, b wlas) w4 Slallas olad 05 50!

1. Comakli, and Terhan


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

Ol (557 (a0lihiad) iode a5 / VYRR Yo ) )leud VY 03 M

Ssbs il o (IS Glajbg ie) cnl ) pre laylSa) 5 (S e )l ) L (2859
WEV T lashg ()l olesily slatulys (45393 5551 gy0ee olod ol bl L il
S slbul Casiuo oyl 0 edie Jo0 g aad il38l an

ooty gl wisly plsl ols 390 (S 53 (YIV) ylSan o ' oily &5 gladlias 3o
by plesily &5 amd 0 (Ui gls ol Sl Lie e bjhs 5 LB clasby
odgiome 4y ledily pl LIS glayles o Lol Mlib e doy AY Sl s e Sl
Cansl 005 Bl (Yo OY) ¥ y5ulS g (s banwgs  poliiin dalllan puimads sl 00 U055 35 duo 22
3 35 (YOA) Yol g blglols il o & slaylior p3 losly dgnp oaiiSupl ( Son oS
Bl Cud (oldie @l & LA ()l e Ggelyn 93 adlllas

Syl lp (I8 Gladie Slubre sl ) (Sealadge 5 slagsg) (VoY) T 5 5,
Jae )l Jal o gy gl e (gl by 5l gl ol )18 s 390 Pois il
S92 5l (293 s 3 B GBS el (g g B GBS L olyen (i5u 93 3 ()l
59 b omiocons g 01 4,55 (b ybs) duglis adlls ) Lol Gam aix a lazsls
U5 3939 dlawlgs &l s ] pdaw (suo)d YV EalS ol phe a5 Lol ol 039 oK lo]
sl 039y pazde (Ban (sl Jae (UISS L oljen

@l b gl 5l Jols lals 3 39250 Ol b QB say (VoV7) 7 SLS 5 (o
S 655 (b ol B ol S5 (g2 350 Stao g S (15593 1 ol @yl bk
d9de OS] (o9, 3l 365 sla b 15 Ll .ol o3gy )] (oolasdl Lo g )l il sslg
Pl (6 5guelS” (sladoliy L1y 095 Clunlee g 03,8 eolisiwl (6550 g py> (slhs YDlre § (g3
USiite oo yio Ao glaiie s b oS soly Ky gl ks 51 005 uols zmlts b 53l

1. Baldi

2. Sean and Cleaver

3. Satyavada and Baldi

4. Raczka and W¢js

5. Condensing waste heat exchanger
6. Terhan and Comakli


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

M e 55 ik 3 g Sl Gl b soe

Oyl BT gy dtuilyy &8 00,8 (Slyb oy 5l aasuine dlold o 1) SSjas (g3Yed Aol YVF
Dy Cogw Bpan 1 o) N (prdipo Cage g ad (il 4oy V) b il

ol by Qi by o (Al 4 (V4VF) s 5 ' (Suuslag 5 cauliio (lleb
Jue 3 (S0 dine im jly ool sty gryters 51 S sy 2 1 & gl
bl 1) i )90 Jae dituslys ()l Jaee sl yerk iz QLT 9wl 0SS
ol o el sl ol Boml @l JEEl co s (sl dlse colre I (S oS olodl 1
4 e gjlwad jl ealatwl b g 13,8 iS00 Syl Jhe ol,S Colia dule (59, p dllis
85 )8 oy 3y90 adllas cpl adgl (b 53 Jase 99> il Cuws canlie (> )b

el ST ualuiS 313 o8 (S8 oy b ablie sl 3 (Vo)) lylSen 5 T Slge
Sl Jie i b & g Sl il Jae bl 2)55 51 5 (25393 Sl 5 2925
Sl Jhee gl izl bl o Jlo s (50,8 Caoglio gl &S pailis i 5 B
1y 55 3590 altwe g 03l plonil Jare (31 sladly) ) alisee slagloda L) a5 3)90 (cogeilis
Catbge | L5 ol el 5 (2Bl @bt WSy Bl 5 gyl ©gony
Oleily (31> syl loda &y it & a3 0 (U5 @l )15 ()l Jaee el (b > (VL
slaskg) 29800 plol Gl Oyl Bl e Sl bl S Slj @ s Sl
S Sha (il glesly b oy 53 g Gl Bl Sl o) Ve Iagas (IS 08
Wl 03wy 2o yd AY 1 o 4 sl awgi onis sl b

Sl sldue 1 (S8 b dblie diej > (500 I )3 (Y4IY) e 5 TS5
b szl ool bl Mool Sty iz Sl (8IS Sl S S (b 4 B
sizudlys ol dizpm o ol ()l By oy 4 & aBlejl Gulide > )l Je L

1. Trojanowski
2. Hwang

3. Xiong

4. fluorine plastic
5. Pilot scale


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

Ol (557 (a0lihiad) iode a5 / VYRR Yo ) )leud VY 03 A

il s S sla i 3 &S (S5y08 51 bl Mty Aitals Lol e od ogmino
csbib S o Ar |y ol oyl cdbsb jlade dinuily Wl fyeus p3 A58 ade 315 s
by (Sl

(0 S o)l & jaeme ()l Jaee S (b L g iliS 513, pad (YY) g g g8
kol dlge 333l J1yE Ly 3590 1) b Dbl dlawleds LS Jae jo ylys WS dgun e
WV G AVIY oS 5 b o & posisogl] g pommalon il 00l (b ()l Jiee odims JSiis
S @si 9390 de 39 5 ke Gl ol slagls zg s g 9y Aball bl Aoy
oo &y ol ed o0 000 USS (il 3 s 4 b 65| 5 i 5 ol o 4y 0SS
gy ol Pb_r.?‘ C:L,...sLo)i 5 (& 5lwdenis ..\jloa)f ool umliwhj s 5! 295 slagjlodus
2 b it o515 ol 0ad ploxl Gl g Glase (laomo Lalpd 93 (sl () Sen g gy
Ol 3ol e 4 00l B oy Gl cage gl 5l ol i b sl pise
5 ol Coslia L5l Cage ooy sl (clopls alaie pdaw am3 e Ll Iy &l Jliz
Foo glae o o gaite ()5 dise b & 29500 laid LB Gl She ol ploj il
Wb o il38l a3 WYY ol 4 @yl sl o s 5 Ao yaV/E

oo sy 4 GBS (il S Jde g5 (o g adlllae 3 5 (YY) )lSem 5 TSl
W3S duglie ol 1, ilises (glacdls 5 4zl ooy oladlg) )3 3l 5] Jols sajS ol
Jesl g awsl gy (ials b glod 33,5 o 03938] b yd dlaxi y axya oS b ol s
$95 2 ar @ bl e 5 SISk b oo JEl oS SS Sl & (gl o6 @)l
1y o 3l il 5 oy Sl b ol Jisl ials3] olpme (o 25 o (gl glaio g
33135158 (y 2 3590

o1d JSii (ol plrdgans &1y LIS ()l Jae Ko (YY) ohen 5 T

dglio (2Ll b b caled 3 g 03l 413 sy 3050 (5308 ygoty g 038 (b

1. Cao and You
2. Wang
3. Lin


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

A e 55 ik 3 g Sl Gl b soe

Slgs 5l Gyl Jae A8 sladlg) o)lgsd a8 canl cpl o Sl Jawe ol ol (g 0,8
OiS293 3l (295 S > uiluiS Sl ol (slacl (g 5laer 2l gl o St oelete
s abaly g asly el dae g Oyl 5] ol s awyp 4 calisie lacdls 3 bl )b,
W (R A umli‘:;ilnﬂ o b awslie j a8 ol sl (oo el dae Iy,

65 5 s il Je Ko S]] 5 sl s 4 1Y) om0
Sglite claro)d b st auls 4 639y9 slon b1y 358 clinlejl bl sy (cldlgatng
s sy sl it g3 5y AL st 43 45 35835 3,5 sy
oy a3 adlllas ) Caleg 3 o5l D5 o0 ity (B Sl Jae 3 bl &)
2L cds il ikl s b dwslie j> a5 wols dlgidy obals &)l NSl cu o dslxe
ol 0355 1355 5

Sl B sl Y b s e s s 5 o 4 (V- VA) olSon 5T
lyous Jobs s g 4l Teonsyun (Rl 598 jl osliatul b (i8590 o (295 ol
Caino & bgryo 1351 )15 oy 390 b)) 45 ot 133)S  iwcons  aBislejl (slaosls b
s ) i ] 2 S Gl s > VL s Sl 31 Vs
S99 Sloa Wbbe gy IS 9 JBI sl )l LSl aoa plie 4 g 0ud
o) Sl St b b a5 Sl o 3 035 S B S 3 ] e
9y 2 ki <8l g ol JlEDl ke sy sl ) 295 adlllas ool 500 i) alaie g
dulio )0 00D plosl Wbl o g Cuows pd Calises dtbldgy sladlg) (glyls o™ J)ls Jawe Jlas
S Ml g 1B 35 AL 5 b s 300 adlas 5] oo ol

J el il AL oy 55 5 533 st & (YA GlSen 5 TS

95 (il bl a3y LB Syl Jase 5l edlatwl b (218590 j3 lys 5l Jols clajls

1. Shi

2. Zhang

3. Hybrid enhancement technologies
4. Machackova


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

Ol (557 (a0lihiad) iode a5 / VYRR Yo ) )leud VY 03 ay

Wslas ool 1 smy S5 o3kta] o S5 gl e 0l plol cilies il e g3 31 o0litl L I,
Silore sl shgl dolee bl (il (samdn Jao G pgd Jao adl oo (Sl =
BB 5t et sbo)S alis ol 5 asbioe 455593 5l g S ol S s T b
5 Siloand I Job @l 2l Syl Jue (298 0 Gl sbed 5 (190 S 2y
OB 2929 b il Jae (298 3 aled (ke & e L5 adllas (> (RS
dlior GBS (g (pled (SLa I ieS

2o sl eyl c8bil lp (Gl Jie S (b & (YA) lhlSan 5 7L
055393 31 )l Jhse i by 563 ola iolesl la oyl sl S5 (sl ygige LiS390
323 59590 Olesil) d9st drgie g 03,5 dumlie ()l Jiwe o b L) ol olis g 03l plosl
L3 Ve (6)15)1 53 e ol NS H9ige 41 (639)9 (sl (3,5 N Ll 9 )l Ll dgs L
ey 3 e Se sl &y j9ige

A et g Sy K> dtungy 310 )3 ladlg) glite (6,818 ()] 3 adllae () 5
Sglate Lol dw ol 48,5 )5 o )90 (g3de Gygods LSS (615 5,8 Liul)l 0 ladlgd sl
P b (o3ae (laigjludnd Cusl 4B)S )3 (o) 3)90 Aoy J51 )0 2lge cladly) 655)1,8
sl a13,8 plosl ANSYS FLUENT 18.2 (5o 138!

(Y1) "eubigh) o5l Yol § (5 48 Slw .Y

£ S’ Oyl N-Y

dp d(pw) 9(pv) + o(pw) _
ot 0x dy 0z
Al e Z gY X Sl jd s, cladlie W gV il o 3 &S

0 (V)

1. Colburn-Hougen
2. Thakar
3. Fluent


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

¥ e 55 ik 3 g Sl Gl b soe

P yen Sl UYlxe Y-Y
0, o e .
5, (0V) +7.(pVV) = pg + 7.0y (v)

Sifl sl ok XY

D(u?/2) oP 0T,y 0Ty 0T,

Sl el v
T U T¥ oy TG, TUG, TP )

D(v?/2) OP 0Ty, 01y, 01,

- = \:
L vay+v I +v Jy +v Fp + pvf, (¥)

D(w?/2) oP 0T, 01y, 07,,

- = A
p Dt Waz+W6x +W6y +W62 vt @)

"985 sl OYolze £-Y

o oS CBglh udl Jl38lp 5 )l 1) (plend sladisS gl B SYolas Jo wiab &S o
S PR S e i pll 895 sl )l JUil dblae S )b 1) (i) 455 e (o
Al oo 5 Gygody By dolae

d -

3. (PY) +V.(pvY) = =V.J + R + 5, )
bl 03l s gl Sy e debdl 10) olewd STy o,k T 43sS AJei 5 Ry calee oyl )
b o )8 bawgs o iy yx5 e yb 0gMe 4 0uiSTy 5 lawgs 0l aslalTobul £ S g (M5
tliasd cbdisS e B S oo N a8 5 anlgs o 4365 N-1 (glyy oy otz b dloles S
o pS 3,5 B LS oy puS 4 dly Sl SOl b 4 a8l g ) pob
s 15 Sl gl Able 00 s oy slopeS N1 goae (sloio Sy ool coN
Oiari JE wle 33,5 QL) (IS (o S (2385 b IS (lgie 4wl pIN g5 (o020

A8l oo lgp 0aiS ST 8 Sloj (N7)

1. Species Transport Equations
2. Rate of creation


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

el 50 (elilas) ale 45 / IYAR oy ) oylad Y 65 a¥

VOF 53l9d dalxo .0-Y

Sldl oo (3,5 5 5 slp ' VOF (539> Jue | dgamcl (5569 (gl Jae pglaton;
& o P GBS 5 ) g e S Gl dlas pli B (gl il o odlatal g (Sielid
Slge (V)holao @ygos 556 oy slop S 5

d(Fip:) _

1] o Cawddy Syguo s Al o loa i opl )3 45 aldgl 5B (gl oo puS

Fp=1 (A)

n
i=1
sy &9) Yy

ANSYS  ()los )l oy kg olod @)l Jal wlp ose siloand pols adlls 5
o3lil 3550 55 Cilisco (cloisS (g5losnsd (s 153l py5 oyl 5 sl o plosl FLUENT 18.2
o3l VOF Jao 3l (65895 bys (38 (gilwand clp o T a5s8 JUiml Jue 51 )l bk ol
ANSYS 33l 5y Loy CFD oo g (saiodSicds « oy 390 (Slodokin ous) sl 0035
ol ol rob;.il FLUENT 18.2

eIy OI90 LS‘“J"\“ Awd J{,ﬂ}: £

g 4oy Sy HouiliiS 5 dtogy ) el Sglite (l)] b gy 4 435 plosl adllas o
Js) sl b 4 4 51455, L5 s 3p90 Jbo dr adllan cpl 3 el 013 45515y 2lge 4y
2 Caod ol 3 oy 3590 G de (Gmdw Sled g oo il adllae (pl )3 pow g pod
ol 0 02ly L (V) S

1. Volume of Fluid
2. Species Transport Equations


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

b e 855 bl > gl (S5 Lyl b (sose )

Outlet of Tubes

Inlet of Shell

Inlet of Tubes

Jsl Joe

Outlet of Tubes

=S 1nlet of Shell

Inlet of Tubes 0

p9d Joe

Outlet of Tubes

Inlet of Shell

Inlet of Tubes

Outlet of Shell

Py e

P 9 p9d Jyl Sladae slagzg > g losogyg Jome bolyen unl Ssleds ) S

Jw sl .o
(T S0 N -0
alas s b ol oois adlas mls (s )l S (jlodmd orwcous jslaie 4

Cond o O IS jsboay oy adlllae 3 il 4B 8 (0l 3550 (VoOA) e 5 VIS Le
Sglise 008 i3 Ul g Gyl 5l Jols il oy oy (Jolye opl jd &S cul 48 S sl

ol 00 03,9 (V) Jgdo y3 a5 il o

1. Machackova


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

Oyl (65 (delidiad) ol 4 s / VYAR Sl ) oyladd oYY 090 s

D8z b olyem o)l JUil (sl oaisS S DT gl ) ol gl 60955 slayell ) Jsor

O s ¥ ows Y ows Y oo \ Cod yalyly
-/-q [+ AY [+ AY [+ AY oA Yco,
/7N < [FOY /70N <IFYO <1 YNz
<YY < IYOF <IYFY </YaY AR YHZO
SAYY <Y NARK VA NARY) Am_spm_in (KG/5)
FA v- Y\ vy Vo Ty in(°C)
-y -Yva -/¥va AR NiaN Qmw in (kg /)
YAID YAID AR YA VAID Ty in(°C)

S sleasl sle

2 &S Bl dlog 9 JgS Jaee S Ojgots g e dlie Billae (g 3j90 (LB S

Co s D)0 8 0kigd S gt 4 gl I ol Gl (e )3 g 0aiS S O ladly
5 VUK Gy @ b Jlw (slod 9 4l p j20 0 9 V/F iy @ Glynl I Jols (laj5 5 O oo
Jio Silosd el 005 LS5 (CO, Ho0, Na, 03) ) slyis! 51 Lol (elanfl5 0l oo Y5 -K

ol 08 031y L (V) S5 53 o aboo] (g0l b olyods wyp 3y00 (5l

w_in

ater inlet

lTw out
water outlet

(el
oo Gl eolaiul 0,90 (Sl Joe Siled (1LY S

e Oy50 dwdid ;S odls sl (ganuasil ()


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

v e 55 ik 3 g Sl Gl b soe

ool8 3590 (Y4 VA) oS ¢ 168 ble cadllas gols b (V) IS 3 pols (ooae addlhae gl
ol alie cus Jolpe Gl b b ials tg) e oo odnlive & joblen .coul 43,5 )),3
TN o 7 518 ssal Cawsay golis (ym odid oanliie (sllad wou jSlo Cpionod g Al o g yo i

Gl laygs (S Cds jl ils (gase (gilwand dad o Ui a5 WSl e

68

——— Machackova et al. (2018)

66 —&—— Present Numerical Simulation

64

62

60

58

56

Temperature (C)

54

52

S0

Lo by b by by g
1 2 3 4 5

Test Number

S T T

(A GlSes 5 155 ole b b ol sous anlllas 5l one] Comdy (g3as gl dulin ¥ S5

4SS 3 Ml .Y-o

Cilikn (cla ol 3455 b oglite (£30dSh £55 oy pdl (316 dalllao &S ) Ml oyt (8l
Asly_co OVFDAAY 5 VISOTER AVSFYSR AYDVED s 380 (£10dSs 3l sl o5 485 i 5
ol 045 03l i (F) USG5 50 ol 5 Cuwl ol plonl calise 4l Jlan () sl (o202 (gjlwans
294 g0 odnliio S glds p)la g pow (s10aSu gl dlols S (i 9 o0 0a0liio oS jobolon
I g canl 005 odlisial Jobo VIFOYYAL pgos (010250 jlecsloind loj 225 (sl cnlpliy
ol o 03l i (V) IS 53 Jolw¥AZOYFR b o sloo) 4l


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

Ayl 5559 (a0libiad) ale 4,5 / VAR oo o) 0)leud Y 090 A

60

58

56

54

Temperature (C)

52

50

48

Test Number
Sglie Jbeo olows b a5 Loz (sl a5t 5 il anlllas ¥ S

byl (& )8 &UT}}‘B’ eIP el .r-o
ooyl il 005 415, 5,5 (V) S5 e iyl ¥ gy 5 lnalg) Ciliso il sy 3
Bt 4)5‘) 6J9| JJ.A J"‘)‘i )J .Ml)uﬁ e Ve s .))9.4 dLmd.J?J .)‘JJJ ;.)yduao o lio 4§
2 ol (il pairen g 420 Ao g (i saygly 9> Jao (bl )3 5 bl oo 20 Ve ladlg)
$29y9 izt (Sl pw cuns p ladlg) (295 hawgie glod Bl (eled ©jgod po 1o
el 005 0313 5L (8) S5 55 cilie (sla Jsa sl Ay


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

A e 55 ik 3 g Sl Gl b soe

g - —&—— Model 1
= 360 | —@— Model2
4 - |[—@3—— Model 3
= L

—1 L

= a0

QL

= L

= N

= =

¢ 320

E L

= L

1

g" 300_—

£ |

=]

= L

?n L

o 280_

= o

i

> L

= [

260_II\\III\\III\\III\\III\\III\\III\\III\\II\\\II\\\

s 1 15 2 25 3 35 4 45 5 55
Inlet Velocity of the Tubes (m/sec)

iz sloJow sl s 659,5 ilitee S yuv cans y baaly) > g 5 augie slos O IS5

295 0n0be slod «lgl)d (639)9 ooy lBIL 398 o pamliie (B) IS5 )3 &5 5k lon
Sidl g 3,18 o b ol b s 3,08 2 (59, e Gl 15 bl (1331 A
Sladde & Cond S Jae 980 Jlow slod il el o5 b oo JalE g J51 5 (b >
(52t o (53339 S s 3581 b 5 e 5 255 ot ol 0 Jin 5
el Jsl el g Skl 45393 (ST o b olos ol ol Wl o5 4
g (298 0 i Oyl JUEl ©)90yd 298 00 Ay JEI3 B g atwgy I lgp o s
Jop dgd 51 Jlw & ol 5105 00 oanlitialy (5L (glod diogy (29503 5 ol sbod
Sl 1y by cpyieS Jae ol g adlgd (slod loges 1aj 3l 1y ial)l cpyiae Jol Jde ol (03 o
AW 0l glacs o 3 pow 5 Jsl ladse 31 1) (298 slod cn VL pgd Jio 3o
25 d e golad )0 b Jio plod wcaunl oud yudey BB oyl cs o il581 L g 25l Sl
gy g5 slod bbse )l 5] )3 leg sloyS yoil oim s 45 Aoy o gLl (slod
ol o 00l L (F) IS 55 calisee (sla Jao (sl do) (634)5 alitie (slacie o sy


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

Ol 651 (aelhad) ale a3t / AYAR Jlog o) oylas VY 000 Voo

300

290

285

280

Shell Outlet Temperature (K)

275

-lll\\\IIIII\I\\I\III\II\I\IIIII

AN ENENEEENE ENEVENENE EEVENENE NSNS YRR EENETEE ISR A
1 1.5 2 2.5 3 35 4 4.5 5

Inlet Velocity of the Tubes (m/sec)

Jol Jdo 3 diwgy b o )38l sy i3I b o Jo plod )0 Lod a8 a0 i (F) JSs
pows Jho atgy (glod 5 o0 0anliio a5 ysbolan 310 ) ST oyt e (2955 sled Uiy
5 e 53 1525 255 o 2 1y 1B s ol o oged ) ol el iz p> Jao 35
02395 p)5 Jlw (2903 slod 9 bod (S > adlg) (295 (slod Jlges )3 oigd S Sl
P esw s Jsl ladde ) diwgy (298 lod )l 505 Juo ¥y s |y Lod (i gy 5
Gl 08yt BB cpl sy iol381 b Lol a5yl ot dy G (g 350S” BMB ol (slacus yu
2 il gl el dg (939)9 lize locs o s g (295 bwgie ()l )5
ol 00 00ly L (V) s


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

Ve e 55 ik 3 g Sl Gl b soe

2000

9

Heat Flux (W/m”)

1500

1000

S(,UI_\ e e v e b b b b b

|
| 1.5 2 2.5 3 3.5 4 4.5 5
Inlet Velocity of the Tubes (m/sec)

it slaJus sln dgf (5999 At Slacs ju o p Ay (29,5 hawgte ()L Y JSS

Jl Joe aibioo Gl copo GBI oo plos 5 (512l o dmd oo (L3 (V) SIS
295 slod Jogad b avalie (pl 4S50 1) (5l JLS o piaS ped Jde 9 )3 1) ()l )L oyt
Py Sl S5 a4 pgw Jae g Jol Jae (S)ld oml Cope 3 o)l Cllae adlg)
oo o SWBT (ppioman g 0 yidin pow o 5l Jgl Jae ()12l ST VL slaces yuo
$29y9 Blito ot o cus py gl (295 Lawgio lad GloS 98 yieS pgd Juo jl oo
ol o 00l L (A) S 50 calises (gla Jao (gl o)


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

Ol 651 (aelhad) ale a3t / AYAR Jlog o) oylas VY 000 VoY

=
n
n

0.4

Latent Heat (kW)

III\I\\\\I\IIIIIII\I\\\\IIIIIIIII\I\\\III
1.5 2 2.5 3 3.5 4 4.5 5

Inlet Velocity of the Tubes (m/sec)

—

e slaJoe sl ) (53,9 Bite ot jo ez badlgd (29,5 Lawgte Gl s S A S5

Ol 9 2bie GRS o g GRIEIL b Jae plod 13 (o slo)S &S 3 oo i (A) JS3
oy > B 1y ol slesS e (i 30 Jio 315 ol Sl st Jol Joe
ey il Bl Jg ol pgwr Jao b pl g o> Jae 5l a8 Jgl Je 5 oles sleyS jee YMIS
o5 Sa5 p39 Jbo &1 iy G 55 g e 355 o Al 3 s ¥l s
Ao 639y lisee slais ju sy dlwgy Cuows Hlid OS] Ll a3 )5 alols Jol Juo 5l
ol 0 03l L (1) S jo calisee (slo Jao 1y


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

V¥ e 55 ik 3 g Sl Gl b soe

[ |—8—— Model 1
80F |—@— Model2
- [ |—8—— Model 3
m =
v -
= r
i~ N
v 2} N
=F) =
< 60 —= = — —
= i
g- i
= 30F
Q |
> B
e B
= |
4 40
i B
P -
=9 B
30| ! -0 - o—8
L L | | | I L | | | I L | | | I | | | L I | | | L I | | | L I
0 1 2 3 4 5 6

Inlet Velocity of the Tubes (m/sec)

63959 Jbwo a5 > cpl oyl 3 1giSs jladedl Ly ,as 9 5 S Jie aSamd o i (1) S5
So ey ,lid cdl el lo b Jlw 355 0 S 0 355 10 Jgl dgd b sl ( Jde oyl )0 diwgs 4
HB LEs BT 0l (cw)p slacasp plod ) pow Jdo g pgd Jio 9o ol sy
o e ¥ 5} sla o 55 )Lt OV e B3] ciels | LLis ST 5508 pgms Joe 1515
Ay (£39y9 calisto glacie yw s p g Ol cal dng BB pgw Jio b LisMs] Lol ol
Gl 00 03l Lis (V) ISKS pd calisee gla Jdo (gl


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

Sl 555 (aollnd) ale 4,23/ WWAR oy &) oybous VY 0,90 Vof

(.0003

0.00025

0.0002

0.00015

Produced Water (kg/sec)

0.0001

NN [ N A A [N L N [N N B N S B B B

oA b b b b b b b b
1 1.5 2 2.5 3 3.5 4 4.5 5

Inlet Velocity of the Tubes (m/sec)
lizes sl Jow glp dg) (609,9 alizes sloce puo s 5 sadgs ;‘;‘ N U

5 0005 316 ks oS oy pies abal 4y L A B> 3 3ll ) Jols S5 i gl O
alai 4y 595 dwoy ol sled 4 pag5 g S5 o il Jols 5 4 e a8 alg O
Je el oas 03l (L LS (ola iz 50 a8 jgblen S o M3 (6 yidin Ol gty oo 56 0
5 sl Joe et g )b |y Sl JUil ljee o oS po> Joo el JU (50 o i Jl
plad )3 g ol zman 20 1) sy O lixe (568 pgd Jao 5 e st pows Jo
iy Jol Je o 1 amy g pgus Jao Ll 3 M/S ey y> il o I3l sy (1331 o Juo
3955 Ol (lsee 4 Lo pgw Jio g Jgl Jao ¥ MUsce ps 3 sl 03,5 4 ) o (e
Ol (e 3 9 485 alold pgwr Jao jl (08 cand b gl Jio Vb o puo Sl Ll 308
4 opl 4 Gle e odel Cawdts ol 4 dogi b ol asly 1y i)yl i g 05,8 g 1y O
ol a2l ) ST e 5 Y5 & gl Jao 45w
iyl 5l ol sl s S oo il bl 3 e JEshald e Syl

aoan ¥ jd Lod jgisls palaio (py 0)S 8D gslo (slodle) 5 dtwgy 315 50 Lod jelS & cusl o


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

V-0 e 855 bl > gl (S5 Lyl b (sose )

UL‘“’ ﬂﬁmvmls Ceepaw yd (\\)JS.»A 2D ¥ D)0 J.\om)md‘y Myul,.m]o‘.m o

Cawl 045 031>

Jsl Joe

Y& ©
3 ) Y
C S,
“ /QI\
i

z X
BT [T .

Temperature: 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470

Temperature: 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470

Py Joo

V=3 m/sec ;o calizee sloJow sly atwg (9,0 calisee Glmians jo Les Hguls N JSs

Hea Jhwaalise (gladsan 1 G Jde 53 a8 a0 ol (V) K55 0l 0als oyl 5els’
Lo I3l lsn Jlu (i ol D500 @B (2900 S5y b ol ond )l S S5y L YL
gy 53939 39 A9 ¥ (55 3 i 35S o 58 31> A S Sloj Jlew Jao () 3 20350

lod (olsal gy Jol dlgd ¥ 05 Jlow 48 3945 0 obliio Canwl 04 03 &S lavdords y> L0iid S


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

Ol (557 (a0lihiad) iode a5 / VYRR Yo ) )leud VY 03 Vo5

Blo &S 2B 518 g ygb Al ol a8 > ol it (g slvdlg) BLbI Jlw 4 o (50
2l Ceond Sl Ign & Jluw Caons (o g oo (2ol slaiond & gy Ceows Sl () ]
WS ool 1y (5395 ol Jlw 036 dus oo dtungy (Slol 4y By 00d > AP ¥ (g i dluogy Slie
Lol oo yls Los ]38l Jol (slivdoxain )5 a8 5gu o 0033 > Cpaeds 4y Sy dilisgy (b ye sloil & oS
sile o (B)JSa) D90 i5y plas S (it 5 90 S Sen >yl BT (slaamio
s g s & Sl ) ] & 3035 lgh 295 5 A Y (5515 5 ol (Y) IS
S oy 125 ) ) it o 9o ey ) 5 515 Jp 25 o Ly

358 ol g9 ey pgd> Jua g sl (syie Jaa 65518 palyl g5 e 4 Jgl Ja
el 4 1sn oty @lo WY ol & el (550 LIS (Sl dtgy (£39y9 )3 il slaaly
sl 3 5 amd o aold] (Edg3 e 4 (63555 Algd ¥ Jobo (sliwly ;5 g aS Lo o diwgy oS ye
5 g 3550 ) oy (sl & 5 e g 3 iy Joo

L 1S 55 oo (e & gy e o 45 398 o 28l (V) IS5 (5l ygslS e
S Gyl ) ol S5 sl gl slodly b 3,581 b 5 02 3l caslS 423 VY ly sled
Iy dtwgy 65V glod b oS s Jluw 5 000 Lod isl58) a0 (pslS o 0 ¥FY lod (o]l
Sl dtog (e glod amd o ol &8 (VY)) S 55 o 0ol s HenlS illes S 0 Sy
&5 4y S lnJae 31 S g Jae 3 ndlg gt slen 5,500 sl ae J mie sl Jo
aw ) s opl eled &S Canl i ;505 la Jse 51 Jol Jae 5o 4l sl ool jlade « Lol
o Gl dg (295 )3 Lo gl Al o0 odaliie LB oy 4 (V))JSS 53 0 sy gl
o b (VW)U 50 odd 0l L gt .l ol oaly Hlis (W)JSS 0 (awypr D)0 Jo
Canl ;503 ela e 5| i Jgl Jde dtwg Cow (398 slod ol b &8 3y caillas (VY) JSs
sl Jas ;0 saal Cowsds sy dwslio jelite 4 md o lis 1) Jho ol SIS &
29 e Ope At sladae ln (IS 5 Ol (smre Sl U polie il
Joe 09l co oanlie a5 jab Lo ailoas oo)si (MJgaz ;o Sglaie (99,9 e pw iy
JUS! (5ol 9 wBbios (59 Ol compmme 95 5 )l JEST o s Il ol

Syl Blad pos Jow 4 Ol >


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

e 855 bl > gl (S5 Lyl b (sose )

UHVFSUEREEINTISEEE0ES =

.

Tempersture

GHUEESEEGEIEEESEEERED

_J

JEEE g

GE¥ECEEEEEIEEESREEEES

Jol Je

P9 e

Pow Joso

V=3 m/fsec ;s calisee sloJow slp dtwg (>9,5 50 Leo ,e8ls NY S

Sglie (539)5 S s T 4D 5 (ot 50 S UNe Sl Ol 5 ugeme )l JE olie ¥ Jga

Jsl Jae p9d Joe pom Joo
; Jast g5
: Q)|):> C:)|):> JLO.I.J Q)‘):> Q)l):> JL&S;‘ C:)|):> Q)|):>
G Q)|),>
D || O[Ol | e | Ol S | e | O W
~
§, KW) | kW) | kW) | KW) | kW) | kW) kW) (kW)
\ </ <IYYY XYY [-Y <JYY Ay <1\ <IYA <IYA
A AR s 164 Ny DARSEERYAP AVN AR NG
Y AT <10 AN Ny DA SEERY <Y <tV <Y
¥ AR <12 <JaY <Y /b <Y <IYY - /OY </IYA
I\ A <IYY V- YAQ DARs <O < IVA AR QNN <IN

s gbeasl sl



https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

Ol (557 (a0lihiad) iode a5 / VYRR Yo ) )leud VY 03 VoA

Ololgidn 9 (S5 4
5335 ooty A 3 sty ISy S5 3 o o 5 (555 ] b il sl
ANSYS (5)bs 55 by job adlbs gjloans .ol 4B 1F Lbd o (w)p 3550
s g Conl ods  riwcons (2Rl s b (ooie o .l 48,3 plul FLUENT 18.2
oS b o AR g7 BN sel Conddy ol cyw odd sdalie slad wou Sl ool Cundey guls
il b gl Ve dlass ( piomons ol I3yg8 0 B8 8 | pols (edae (gilodnd dmd o Lt
9wl (605,18 LT b Jie &S dmd e olis ol .l 43,5 )15 atwg 31 j glize
i sl 8b 5o e 59 4 o 5500 0l S Sl JST > ndly) s
Jol e 3 5lib €l 48l e ok gy 503 sl Jde & Comns (8 eslio S cslyls sl

D0 s @alas )0s sl Jie & o


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

ole o

Sl Jisl B o e Uo £S5 e (79> sbes | Ty oboll 8l aesse | DIN

B gl ro S Jlw 899y slod | T Xz e bp| U
o gl ri Sy Jw (292 sled | T Yol e lon| v

£ Jbw 62959 sled Thi S gles | Ty Zokz Pl | W
Py s o 00 Re Jow sles | Ty @ Jeilis |0
Seobus el v ek | Mo iR | T
Sileirw 2 H op Sedil | p tleosd STy Byb 5l T 6S ol 5 | Ry
oty Laugie oo D3I | LMTD oy gl JS colo | Ar 00381y 316 Lanags o Lol ol 25 | S
ot 5T g5, E oy loT b B | Cp | i 55 il slond lois mlels JS ol | N
B N, Bz Sl 2 655l gle, ol | higg Pl s 398 5 |

obs CoHe et glos | Ty bslo 0 pll 455 (6lp oy 3585 0 | Dim

Obox C3Hg ghw gles | T Sl 3985 e | Dy

OB C4Hio oSl sae ]a aas] Coadsl sue Sce

1. Rate of creation



https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

W e

S35 CisHsz boge obals oo yo hy, wadl anjeSan Mg
R CgHig sz | m i 398 Dy
Ly Sy ;lad Dy LS Jusl Js Seel | g omgl e | Lej
b algl U5 Jsbo Lot slpkd cus | § S R k
gl S Jgbo L &3y ol oz (22 Gl | Thp,o Jlw o> | VOF
Cules t o sbeS 35 | Enyo s P
7> 4 SS9 ol A5 | Ep Lo T
e m? Sl oleis | AH Sy 2l S o LS Jisl gy | hey
el h PR Sl o2 (20 | Mphaiy boban (o 00e | Nugy
Ayl slass n et B | p JElp o o0 | Pr
Bl 5l Jols sl o> (20 Mg Sl 65 5 | €O, O 0
e e mm ok | CH, <L | H,0
Jajoks Kj 5ok waw Ator

i claastiisle


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

W e 55 ik 3 g Sl Gl b soe

é.ylz.o

[1] Antonescu N. and P.D. Stinescu (2017). “Computational Model for a
Condensing Boiler with Finned Tubes Heat Exchanger”, Energy Procedia,
No.112. pp. 555-562.

[2] Baldi S., Le Quang T., Holub O. and P. Endel (2017). “Real-time Monitoring
Energy Efficiency and Performance Degradation of Condensing Boilers”. Energy
Conversion and Management, No. 136, pp.329-339.

[3] Cao W. and X. You (2017). “Effects of Wall Fins Patterns on the Flue Gas
Performance of Condensing Heat Exchanger”, Procedia Engineering, No. 205.
pp. 2281-2288.

[4] Chen Q., Finney K., Li H., Zhang X., Zhou J., Sharifi V. and J. Swithenbank
(2012), Condensing Boiler Applications in the Process Industry, Applied Energy,
89(1). pp. 30-36.

[5] Comakli K. and M. Terhan (2016), “Energy and Economic Analysis of Heat
Recovery from Boiler Exhaust Flue Gas. World Academy of Science,
Engineering and Technology”, International Journal of Chemical, Molecular,
Nuclear, Materials and Metallurgical Engineering, No. 10(4). pp. 450-458.

[6] Fluent AN (2017). Theory Guide, ANSYS Inc. Canonsburg, PA.

[7] Hwang K., ho Song C., Saito K. and S. Kawai (2010). “Experimental Study on
Titanium Heat Exchanger Used in a Gas Fired Water Heater for Latent Heat
Recovery”. Applied Thermal Engineering, 30(17-18), pp.2730-2737.

[8] Jones D. (2014). Principals of Condensing Boiler System Design, ASHRAE
Transactions, 120(1). pp. s18-s18.

[9] Lin C.X., Wang D. and A. Bao (2013). “Numerical Modeling and Simulation
of Condensation Heat Transfer of a Flue gas in a Bundle of Transport Membrane
Tubes”, International Journal of Heat and Mass Transfer, No. 60. pp. 41-50.

[10] Machackova A., Kocich R., Bojko M., Kunéicka L. and K. Polko (2018).
“Numerical and Experimental Investigation of Flue Gases Heat Recovery via
Condensing Heat Exchanger”, International Journal of Heat and Mass Transfer,
No. 124. pp. 1321-1333.

[11] Raczka P. and K. Wojs (2014). “Methods of Thermal Calculations for a
Condensing Waste-heat Exchanger”, Chemical and Process Engineering, 35(4).
pp. 447-461.

[12] Satyavada H. and S. Baldi (2018). “Monitoring Energy Efficiency of
Condensing Boilers via Hybrid First-principle Modelling and Estimation”,
Energy, No. 142. pp. 121-129.

[13] Schiffhauer M. (2009). Increasing Natural Gas Boiler Efficiency by Capturing
Waste Energy from Flue Gas, New York State Energy and Development Authori.


https://necjournals.ir/article-1-1444-en.html

[ Downloaded from necjournals.ir on 2026-06-16 ]

Ol (557 (a0lihiad) iode a5 / VYRR Yo ) )leud VY 03 WY

[14] Sean L. and B. Cleaver (2013). Operate an Efficient Hydronic Boiler,
Commercial Building Product, Feature HVAC.

[15] Shi X., Che D., Agnew B. and J. Gao (2011). “An Investigation of the
Performance of Compact Heat Exchanger for Latent Heat Recovery from Exhaust
Flue Gases”, International Journal of Heat and Mass Transfer, No. 54(1-3). pp.
606-615.

[16] Terhan M. and K. Comakli (2016). “Design and Economic Analysis of a Flue
Gas Condenser to Recover Latent Heat from Exhaust Flue Gas”. Applied Thermal
Engineering, No. 100. pp. 1007-1015.

[17] Thakar R., Bhosle S. and S. Lahane (2018). “Design of Heat Exchanger for
Waste Heat Recovery from Exhaust Gas of Diesel Engine”, Procedia
Manufacturing, No. 20. pp. 372-376.

[18] Trojanowski R., Butcher T., Worek M. and G. Wei (2016). “Polymer Heat
Exchanger Design for Condensing Boiler Applications”, Applied Thermal
Engineering, No. 103. pp. 150-158.

[19] Wang Y., Zhao Q., Zhou Q., Kang Z. and W. Tao (2013). “Experimental and
Numerical Studies on Actual Flue gas Condensation Heat Transfer in a left—right
Symmetric Internally Finned Tube”, International Journal of Heat and Mass
Transfer, No. 64. pp. 10-20.

[20] Xiong Y., Tan H., Wang Y., Xu W., Mikul¢i¢ H. and N. Dui¢ (2017). “Pilot-
scale Study on Water and Latent Heat Recovery from Flue Gas using Fluorine
Plastic heat Exchangers”, Journal of cleaner production, No. 161. pp. 1416-1422.

[21] Zhang P., Ma T., Li W.D., Ma G.Y. and Q.W. Wang (2018). “Design and
Optimization of a Novel High Temperature Heat Exchanger for Waste heat
Cascade Recovery from Exhaust Flue Gases”. Energy, No. 160, pp.3-18.


https://necjournals.ir/article-1-1444-en.html
http://www.tcpdf.org

