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Recent advances in additive manufacturing
based on 4D-printing

Abstract: Nowadays, additive manufacturing, which is known as 3D printing, plays
a significant role in producing parts with complex geometries and various properties
that are used in different industries. 4D printing is another technology that is
developed based on 3D printing. The fourth dimension in this technology is time,
during which the structure responds to external stimuli and undergoes deformation,
requiring additional actuators and responsive materials. 3D printing is used for static
structures, while 4D printing is applied in dynamic structures, which is the most
important distinguishing factor between the two technologies. In this study, the history
of the technology is discussed. Then, the methods used in this technology and the
smart materials employed to respond to various stimuli are explored. Because of the
advancements in this technology and the diverse needs across different fields, more
investigations are carrying out in the field. In addition to advances, challenges are also
noticed and the future prospects of the technology are also discussed.
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! Additive manufacturing
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1 Shape memory polymers (SMPs)
% Shape memory Effect (SME)
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Application of artificial intelligence in the

Hajar Moghadas*

Assistant Professor detection of circulating tumor cell
Hamid Pakbaz
MSc Student, Abstract: The detection of circulating cancer cells in the blood as a valuable
Faculty of Mechanical minimally invasive biomarker has revolutionized cancer management. This paper
Engineering, provides a comprehensive review of the applications of artificial intelligence in the

Yasouj University, Yasouj

automatic identification and enumeration of circulating cancer cells in the real blood

samples. By reviewing previous studies, the advantages, such as high speed and
accuracy, and the disadvantages, such as strong dependence on the volume and quality
of training data in each method, are analyzed. The findings show that the performance
of artificial intelligence models is significantly dependent on the quality of images,
and also their training process is often time-consuming. To overcome this challenge,
solutions such as data preprocessing, artificial data augmentation techniques, and the
use of feedback loops are proposed. Despite the promising results obtained from
previous research to apply this method in real clinical settings, there remains an urgent
need to develop more general, robust, and less dependent on large data sets as the main

need of this research area.

Keywords: Circulating tumor cell, Biomarker, Blood, Machine learning, Deep
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Numerical simulation of flow and temperature fields in
the VV94.2 gas turbine combustion chamber

Abstract: In this study, the VV94.2 gas turbine combustor has been simulated from the
compressor outlet to the combustion chamber outlet using Ansys CFX software. Since
this combustion chamber has eight flames that are symmetrically placed, one-eighth of
the combustion chamber has been modeled to reduce the heavy implementation costs
and time. The realizable k-¢ two-equation model and P-1 models were used for
turbulence and radiation modeling, respectively. The results showed that combustion
was formed only using the eddy dissipation model. After verifying the independence
of the mesh run, a good agreement has been seen between numerical and experimental
data. The maximum error obtained from the analysis was less than 9%. By examining
the changes in the combustion chamber inlet air pressure on the flow and temperature
fields, it was determined that increasing the compressor outlet air pressure to 12 bar
causes the combustion chamber to shut down. Finally, by adjusting the fuel inlet
temperature, it was determined that increasing the fuel temperature results in a more
uniform gas profile outlet temperature and a reduction in pollution level.

Keywords: Numerical simulation, Combustion chamber, VV94.2 gas turbine, Flow and
temperature fields

maligoodarz@sru.ac.ir . Jstws sdiwsgs ™



SlSe (it 585

!y Fluent 3 Gambit sla |38l 5 51 Gadms ol o ails
Gl oo oolatwl yie YAFPYFA L anain ol g (g5ke Jo
P ) b o s sl 2l ek [¥]
solazwl Gglate (55,0 byl L ANSYS-CEX l58ls 5 Js e
JsS Lyl g Lt g Lo il oy blis oyl s ogdle ol o055
5 il sl 8,5 15 bl 00 i ol o (Sl
5 cilily Ly oo 481, ke dulioe 3l il alaios lasio
el 5 (s3lese e g Jgil5 e g0 b 1 [0] Tsl
Coguw HLad g Lo poiSe a5 Conl ools lis gl 05045
JLad g Led parsSle ar o 0 )0 ¥ 5 AYY o5 e
Ol S g 53 pizres ol adly oS JSgl5 Lo s
bime 4y (2gy5 0050 x> 5 g NOX e oy SLe
O g galsl [F] conl asdly palS (6, Sain o
S Gl gladaime (i liel 5 gileand (b
Cowl ools ylis gl aisls sl 1) YU sloo 518 959,500
Jasilazg LB Srals ¢ ymie 3l il alaizs a0 )b oS
039755 oS )0 Gao 0 Fr s VO U o i 4y doay Y
Slasein o Sen 5 o2 [Y] caslonss 08 slornSsise 5
iz bolyl cod gato B Geyg Gl Ol Glase
SST K- Jow 3l eoliiwl b (g0ue &y90 a0 1) CSguw LIS
sleo (o NO Ll & slows glp idged (cwyp ©
Do (FYsb 5 eal 0 Sles l plisebl 5 CS 19y (25,5
Sedien dpogs YO L IV Cdgu oS 5 Cand B 58
ST 2 @l slen Slakass 3 o Ken § Sy [A]
38 omeyss 9,500 SO slaoan¥T wljlasl (e 5 Gl
sl gs 3l ol lSen 5 SOL [A] wiols 18 b3yl 5500
ey Gabioe S Gl slo Sy p |y Gl galaase
b a5 aes o plas zls Lol J13 vy 090 35-len
Sllye & azgi balad dlg (2 )5 0)l50 (55, 5 0ol e
aliizs £55 ol gl Gzl 5,Skos 5 gl ihgu LS
D] ol dbsizms s g5, 5 0 ceai J36 51 e <312
Se @lpel gabaiome o Slos  Lad Jl gesd 5 el
L aS aeo o las gull idges owyym |, SGT-100 (465
Oegred o gl oss aleds glodasin Hlis lisl
L bl [V ] ol oo 2ol581 5L slo,Lis ;o NOX oax¥1
OeST 5 e bglora iy yuf (315l (pinids (28,5 L o
o 4y 095 g% )0 (59 0503 gy Bl il alaize o1,
oolaul .l @Bl 50 DTRM 4 P-1 sieis sla Jow
o plod jo oled B! olowl cely il Jow 90 o 5
@l boanlie 0 coee SlS pled Gln Somb

ya

55095 ke Lo jaese g oLl ol couSs golo

doddo )

PP T ISR S AP JHW P SIS PP
) sote M85 638 lagmyy G Hlad Cusls slaollinl
Sl o roten 5 (Ko ploreas (3l alaione oS oo i
oor BB e Cun g golatdl a9 515 e
ti g sl yor Jsb g ol ol golazdl ais el
2l (Sogll ailge loo (Fogll ol 525 ame o
el @il a3 Gl L 86 B slagms
3ol ol vg2g cunl Coenl Pl w45 eg040
ool el 45 Wil o ol 0 VO4.2 58 55 sloasls
odazmn g e sl Slacend 5l (S el 00933 Gadow
1Bl b Sy Gl el ol 3l dlaiome 5B (e
(laiel slagl > (@lial plopes 3925 5 oz dwain
Mk iy JUEDy Sulsa ( olula (riais o)l > Uil
Sl (S ol b bes 5 Gl Glaplaee (s sln &S
@ g5 50 CFD 3l oolaul b 09yl sl (g aus (g5le Je
S 0928 Olg3 o0 Bxdo0 (nl plamil b8l e g ol
Gl Sz aled sles LS 0920 g aladoe o)les (5,15
G35 Jol5 jsbas | 192 5 Coge S 0gm g (S0l
25 (o

Sl alaize 59, p Sglite golaw ;5 Alide sla)lS
S 98 S S 5 gy ol 0 ol 5
cilin 8 Slas imie (951 Cewsy Sz |, CFD 5 us,
b a5 >hb hlyi b gomho (oS o5 ¢y
Ol 05l o Gas sl ol Sealiys [Sews o5
5 hlime o Shes Lul,l po §lpel alhise gy Jolos
oo i o [N] el 5l 550 Glagzs S 4 o,
Sy glawloes OV Swliys Jow 5l ol )Ken 5 slow gz
Siluid) 4ol jo lal dhise (SiSgw JSie @)
cle 4 JSlie (ol 45 Wauws ;) 4z (pl 4 g Wdged ool
Sileed) Cwond yo T SS slagligm culial (A
IY] el ooal 3925 @

Soltys Lo 31 ool by o, 5ad 5 i hkas]
Sesbos )85 655 ) B2z Ol S Slwlre DYl
o S8 ey Blyil aladme S Giseins alad o by
Sy dae iolilas ols ylis g ol gl [Y] woges
Gl L b pleadly RlB carge 095 oo
abaize gjlwacs o, Ken g sol5T .l 0as NOx (ST

plxl 5SS Glaghgw 5l (sosd silwoslo sl 1) Gl 2>



\F-F ‘_gos)ﬂ‘\?\‘ tS’L“" O)LQ..':J O O)LQ.A::: AR 0,99

5 d97se skl S asVl 5 huwgie (byz sS4
iboe bawgie >

Aoleo (o) 2 (S0 peins () So slaslo S E ) b
g5 S sl b (o] Jged BB cdo 0925 b sl piinge
5! Wl o 9 0l oo (LALIE (B g S s (S (2955
Sy e pro glo s S acsloes |y Slus slaadlge by plece!
00 S¥oles (509581 L g pagie oyl 5l ooliiasl L glalolas 55 5
sl 00 ool glaloles 5o gy 5l Lxigl o iloass sl
Gl Joe S olen ay e plizél icm g5 Jol Jue
O iz Slleg b L plasél Job Gubie & (5330 <4
ok sl Olsear gldolee g0 slaoe ail e
2 Vb asl Sllyr giledae 4 bgye Slidss
s (n ool Wlatd )5 )13 ax g5 590 Sl 13 OLIL
b SYoleo shyls Vb laeciB e o a8) Sasl ls
Ll jo a5 axiwn glddoles 50 sloJoe (aiib oo 5 slooles
s lidie o et sl AlSlas Ui aloles o >
gdge Jis jsboay (Sasl Jsb uliiie 5 (Suasl

4>l aled Jsb (o amie o (Sasl Jas
Gyl glbaliame el slonil 5l 5 canl ppe sl (25 ,25k
S bl (alazel Jae culplis wiyls g bslds iy
o IS A 93 0 ilazél slaJoe Yool el ol
U8 g 53439 b LES Joro a5 RANST 4 LES" :wigss
slaoe dho 1ol polej jlows Jg wdlbioe Soluebl
sladae & lg oo (lazdl gilu o lp Cors yo @,
realizable k-g Jos b)) ysm ;5 5505 o,Lsl RSMT 4 k-¢
K-gJae &5 olxil 5l .l oo Joe RSM Jow 51 i
Sy V] o)ls os> sl alKisle;l mls L realizable
el coslin jlos Joo cl (oBLasEl b > (St

Ol eite 90 e aad] s K= € slaJows o
g g0

waldl bz o g5 e
ezl g3l cdl gy o

Ol p) Coge 4 plivege g (Kwg SYolae (Joo ol jo
[a-ve] wen e

: ;.i*.w/" 9u aJolzo

5
—+—(pu;)=0 M

Sl gudigen 4y 223

50 VY] el o Ul 900 Jow 5l eslaiwl b sdwlamsa
Blypal alaamas (goue (gilwacs ) Ken 5 S5eS K0 380
el s lso lie Co g jloslitul L1, 55 G yed S
5 Lod ((699,9 ,Lud aile Jlge a5 aao oo lis lbs ks
2508 55l boany VT Lasil o 515l 5 65 slom s ouS 5
SST k- Ssasl sla Jow 3l eoliwl b ol Ke 9 Silg [VY]
Gyl alaase P-1 sieis Jow g byl 8 Sl 2>l Jaw
2o g0 Hlad @l aisls 18 cw 9550 1y 5 el S
Sod obnl el Glpml ahixe 29,5, ¢l ahai oS
Vi JL2 sl el slaal, o Cansiomls 4SS
sloJse 28> o|)Ken 5 (503 [V F] 05 go anT b Jsbo 5o
alads g 3l ol abasa g5luacs o |, K-0 sK-g Sasl
Ot 283 g0 lid S Wogad gy (5398 Sjgo &
O L ply allinle)l mls 4 cos yizd- e Jao 5o las
slJse plo a4 cod |y mls pyia a5 col doyo VY
[\a] 0)‘0 03 P

3 mye Gl ddasse ) piie G glad allas opl o
&5l o ANSYS-CEX jl5ale 5 50 e YY e e ee LV94.2
w‘é)l)ﬁﬁ‘sxﬂljebﬂdw.)d&bw‘oMJ».l?us
Sirobys Gl ) S 50 (59, 5SS Slag]
S31eSG byl s g jlad Sl bl allae ol o .ol
0555 .40 ,5 pand 3l i aaae ;0 NOx oyl 50 alS g Les
3,50 3 ol bl el Gl alaase olgso (5,5 S
Slor sleo g jLad s 31 colys jo cul 48,5 1,8 aslllae
sloo ddgn S3eSy oo g by Olase 59, 6999
29,5 5y 2 NOx (Foll 5 (25>

Bl ol addzo gjlwacd Cya oS DYl -Y

sl Yol daglyz pled gl Gl S8, Jolw Cuz
L o2deSts sleolr sly osie J> psiege 5 0>
J> 5 65 sl ¥l vl JUil Jals slal >
= S¥olas jlaul sl hedse ol > oS e 0is 5 e
arisl Sl o g5l Jowe 5l o ogei soliul lizél o3l
o bgaidl oy Lo Galsn, 15 Jed 5l olap s s
s90 slaaweS polia pols bl sl eolawl b el 5>

3 Reynolds Stress Model

! Large Eddy Simulation
2 Reynolds Averaged Navier Stokes



SlSe (it 585

Slacb > olg oo LT b aS el slo Jaw Jolis CEX 13310 5
Pl s S sk 0,5 (il oe i |y sl Gl Jols a5
il oy Sl sloJos Jols CFX

Eddy dissipation model (EDM)
Finite rate chemistry (FRC)
Combined EDM/FRC

Laminar flamelet model

slol,> 5l oy e3game (51, eddy dissipation Jos
Joe () 0ed oo oolaiwl iz 0 Gl gl ls a5T ilazél
Jeods amd oo Al 13 1) (Siens g Lol i slaalad
Sl (Blasel slagl > (Gt 0 0o 68 9 Solv
ool (gxio slaaled 3lude 15 gy ysbas Joe 0l ]
225 Sl dsles SICFX s 3l ol sl Joe soled 095 oo

LYY wisS o oolit

a(pyi)+6(,oujy.)=i r oy, )
at X, ox, | " ox, >

J i

Ansys-CFX slaal; bl 5 aiess Jlas! dolee ples
S gyl o3l e S (gl [YF] el oo 2l sl
1wl 1) Oyaods Sy g I Cuxdsn [0 0uiS

di(r,s)

& +(@+o,)l(r,s)

QY

:anZGT +—j 1(r,s)4(s.5)d QY

TRV KPS COWER. RULVE S GRUIVVS: PORP I L g SR IR W
oo aS Cewl Sl 95 5 s0L 5 Coenl 5L Adlae o N CllSs
piais Jal dolee Jo arinid giloJoe 5l Bos

Lmo)lﬁo)o M u)‘)? JLa.u‘ u‘)mas lu)" 00)5] Cowdy

dl, (rs) _
ds

K [71(rs)p(ss)de +5
4’0 I

_(Kav + st)lv(rls)+ Kav b(U T)
QR

Jol 4 yo (dumilyass JIl dlolee G RTE aolas 4S5 glay
w0dgize S5 o dolee cpl o gl il S ol cpm (sl

S dlys CEX jo ol 5ls 050 I, Slr sy all
u.w‘ )‘JB).: ).:)

¥

55095 ke Lo jaese g oLl ol couSs golo

p...}.nﬁ.od.]él.bo
opu, 0
14+ _—(puu.
at axj('o'l)
40
aP' 0 ou 5U,-
=——F— +53,,
ax 6xj 6x 6xi
V8] sgtoo iy 5 bl b oS (s Les P!
2 2 ou
P'=P+=pk+= g — ¥
3K g e ox, @

5 ead gle gl cay) esede » K=& Ju
My oS gbon 28 Joo cnl 0 wdlios Mo = HF L4
Sy 55 28l 5 by iz 555 4 ) ably sills

:[Y\‘Y‘] 3l

2

#=C,p— ®
&

SYolee 5l Lt € 5K Jlaie sl coli s0ae C, a5

25 ARl 5 S8l 8 g e (530 JUil s

opk 0

—+—(puk

ot an (p ] ) N
0 4 | ok

=—1|| u+—|— |+B —pe+h

P J[(ﬂ O-kJan:l P kb

Ops 0O 0 M, | O¢

4 u. - Ja0i S P

o ox, (pu2) 2, K“ag]axj} o

+E(C£1Pk —ngp&' + Celpsb)

slosys by Py wms cir 0,0, .G, .Cy

sy Sy oasdl ads R ais e ol 1y it
IYY] el 58
ou,
P = a—u-l- 20U 3, — i +pk |
ox;  Ox )ox; 30X, X,



\F-F ‘_gos)ﬂ‘\?\‘ tS’L“" O)LQ..':J O O)LQ.A::: AR 0,99

ol 8w o cobw g Ll ST 09T sy gl
e on S5

E,(T) =ij(x,T)dx= n2oT* 0%)
0

lod (57 9 el atly Lo @ Tyt ndints o)l > il
~anitl 4>l o T il gl 2! 1000-2000 K (s 31!
Jsbo gl il Sy acil azls 4z g5 el 508 g0le (sla

:p.;.)lo 9 S| zToo

hv = 4k, T V)

Noasly Jby oy b (K6 jlas rieis b )l > Lo

Ay (r,n) = [ (M1, (r,s)d, A

V.t =k, (G, —4E,) 0%)
4S5, 5k
G, =[1,do, D)

oyl ey (12) doles 5| 6,5 LSS L IS ), s

Vgt = _[: gidv
= [ k. G,dv—4[ "k, E,dv

()

r= jo K,(s)ds" )

el g GV i ST YL ke YU alayl, o
ANSYS o (niwis &l Jsl (gle Joe slagss, 5l S
Cnd (6 s 3,5 slylo P-1 Jow .l P-1 Jow CFX
Woles P-1 gy 5 bl po aend JU| x5 Jote &y
Jow el J> Gl sl 5eams dolre S & j50 4 RTE
oo Sl el Jas cnl ol 5L (s ciuns o3l 5 4
3,5 soliiul 1 ooz slaJow sl Slel 4 (lg5 oo g ool
sloolr b beasiz g5, 5l ) (ondnids G, L0 Joe o)

Sl gudigen 4y 223
:om}i;&.c 9 (:Ial.w wlﬁ.&?‘ ).\f Lgl.a:)'),c %

1, (r,,8) ==&,(r,) 1, (v, T)

+ Py I l,(r,,s")|nsdQY
T

n.s'<0

(QRD)

&, (L)1, (v, T)

d
Iv(rW!S)Z +M J‘ IV(rW1Sl)|n'S,|dQ’ (\Y)
T

n.s'<0

145 (5 5k

S oo S s A, jlasl pus'e

Local Ly oS Ll B ik e
p)=(l-¢)*a

P == 8) (=) b sl iy 8 wlSl o2, @

P+ P =1=5,) kSl plyy (oolSall il Oy @

il Cye ’Ss i

(15 Cign oo Laid) Glidaas oo lgo®

Slabuw Sy 90 (aman Slaike 4 Siwly cle o

Sl JUl dobee sole (gladzol, (uilS 3 5 S lne

L it loJan 45 ailgn SCBy o grints

S slp s e plnl (il (Sily 5 Cur o)
9 S Jlal V- wdjy; slaJae Juls CFX wge

Gray Jols CFX b co,d glp g o5 Cise
<ol Multibund ,Weighted Sum of Gray Gases

D)9 ol e )3 00D Jie pdadS sl (655 b

29050 Ol )
27w?  n*hv oo
E,(v.T) = =5 - W HZ ™)
eka _1 (\Yl)
=zl,(v,T)

FESNS aaleS 35 ALigl y — h‘; 5

b
h, 15 x®
E (X,T)=n?cT*(—) (= )
p (X, T) o (kT)(ﬂ'4 ex—l)
27°k*
—(£L 2 \0)
o= ({gnec?)

Yy



SlSe (it 585

F9) Gl abiisme YU Caand oSl gl (V) JSK5)
ails 4l ,lislo g plate lasis (ogily g T Jaiue
o oldwdie 4 blwud (pl a5 Coul ouls rw il
adl bzl § elae e Wlgn Meshing l5éls 5 a5 o8
sl wilgs o Meshing l58ls 5 a5 lasiils (o yigo S ol
il e £55 ol obml (6l Bl oo Pg (B 5l e S
Ol g0 all el Ol lamas Cod ouls ol) dwsis
903,535 1) e g azmbo (59, p bl I3l e 5 b,
JS5) wiS e obml 1) G cdwsin gl glisly o s
pys Sy oin el o lie YU S5 a5 el S5 LB (V)
oS alnT 5l e ond ools 5Li Gliige 3om) dwain ;)
a5 5wl wad GlpkalT LIS g e
ooy ooliil b LI (6550 43 Cpeizmad § i, (Sholne
A(F) JS8) o

e CFXI38le 5 Sl 4 0955 51 L8 Sl al> e
S8 i (59, Dabay 550 Ll el Lol (550 Ll 50
$lp & S0 Lulpd 208 e b ol Sen Gloj 5 >
e le el oas oolaiwl ool 5l ol aladons
Sbpled Sl o Gl ol alhime 4 (6395 Slse (o7 (20 ©
Tleled Sl 3 5 CSge oz (20 @
Gyl abize (295 )0 ho Sl jlad e
abiime byl 0 Vi lEe g5 byl @

Cao 30 695 ST slaglygm 5l o a5 o] ]
oolainl Su09 1 (550 by 5l lg5 ged 0 ls 18 alhases ol
Slod (oo (@23 S8 oy o)l 50 byb Il g8
L aS ol 525.7 KQ/s b plos cll> )5 jguymaS 5l > 9,5
Rl 50 g el glew dlaize 9o Glilo (g8 ASOT 4 ax g
Slade cpl ol el ouls Jow dwais piiin S o2 (g lwdd
$39,9 Slop (07 (@ Ol w9 035 i VP d0e
plod Ll 50 (699,9 g (g0, (20 8,5 Hlaiyo alados
& Sy by aslen 1 Jlesl g1y a5 <l 9.417 kgfs L
Bedse Jos I o0 >

el plgre 4 3l el abize (255 Sl lasls sles
sloo el ol a3 ke o aSls ) > Plaw] gl b
Voo Jos 0 V942 olin Glis! dhime (29,5 390
45 29 g0 L8l po (M) JS &y azgi bl ol 5 il a0

55095 ke Lo jaese g oLl ol couSs golo

Sl gl p P10 Jow oS o (o Gl (e (Sl
Sgal 65}5 Soles LSL‘°53)% Eorme ©)go & el DA
Dl oo o2

Gyl alizmo (g 5lwdnd 9 (>1pb Sbise Y

b oy V942 55 o,y Glis! abize dawsn
5l el oals asle Ansys 1381 » 5 Design Modeler
ool odezmy Sl B ey Gl dbise &5 bl
plad .l ool plowl oYL o 5 Sldp> b awae colo
alaioes IS sl ond Joe i abiioms 5Vl clacaond
olowl Cu 398 Sl p el 00l 00y 1y > YTV 4 51 2o
ol 0 ool SV S L g adly il ol a5
sl 550 V4.2 515 s ys5 (sbow (3l i albiss awain
00 (av ) A did it S Slwle slaasjo alS g
Bl ! alhdoe 0uls e, SV 039> (V) SO j0 Ll
@ abaase Yl JS 05 co oaplive a5 jglailen el Sggie
Dgd oo e Coamd Cld 4 3 5,0 szl gw
So ey b oS Wlid 513 i TP 0 6 )5S0 ¢ om
5 JoU g ¥ D50 4 0SS slag] s dwain pin
mouzmn (V) 5 (V) JS0) 9,5 o0 518 50 50 desd (g S5
25568 i il 85 wBlioe ol g amaie cnl i cn
Yl oS L o5 e 055 S el s () IS
mo)lgs pled ;5 (53l (ul jo adl oo (55 40D wiajl
A (0) UKo 50 Sl 0uls oolaiwl (55 a4l )l o
oealS (gl 09 so cdalive 3l il alaaza o gy 10 (65 easY
Obey Jals g Jo c80 (ll (izmen 5 (Slewlre slaglell
o )lS wilgs e adly il ool 5l eslil o ol Son
JS8) el oals oolawl 3 059 cpl jo 0aeld pl 5l ol
()
Silod) Sl eizmen g alaizs o)lps 5SS
o)lps 9y S slaghew 5l myy 6099 slse
gl g ol plas Culyo b aS conl oals colazul 5l sl alaames
Ol o les g ey Lol 5 as Sl el sald 00 e

Sy g0 YYooeee Slass 4 Slewle lagledl a5l 5l o 9 sl (6500 Y g 32, Ui b gl ygm cpl )3 oy 20
S Sweep 1 Dome
S Full load 2 Burner
7 Symmetry j S\Ilgiler
Elbow

YY



VE-F 605,31 0FF by o )les i oylad FF 0,90 Sl ovkigen 455

2 HVOA2 55 nie 5l 29,5 990 sles (V) Joux mls mcwlio Gladlolaws cpl g aiS cod oS (29,5 bes Lawgie
s lie lis (! 50 ool Cawas oo b g 4l calises lallas Db o Slowle 4 o 3
o 0054.3

Julxi g b ¥

Blyml alhass 29,5 990 (slos oriw,liel Voo

(WS Glme  CC) gz 0 30 59 gloo &y on e Byl ahaze (2,5 gles gileand cnl o
A7 Ve [vs] w8 )3 i 10 107 soae Jor (sl (sl Sap jlemo 05 00 )13
Jq¥ V5. [Yf’] O\.\AT Cawdy éb..}‘:&hw)‘ L_§’>9):> hu)ﬁ.«.& ‘_ngb Ll 00

L Jade ool a5 canl ol 5 sl a0 VYO coue 55
Y/A VoA [YV] 2 ) o2 S ) S Jel=s 5
Sl g9 il soue > 5l Jolbs b
\ZAs VTS [¥A]
A vy [va]

e g pe by 5 oslial Y IS V942 gl 3l il aliioms asain ) S

AN

13.0

0.00 100.00 {mm)
)
50.00

B Jpgw Sllre i ¥ IS Gyl alaime 5y Slowlos aSin YIS

Y'Y



il el Sl 57 S5

G s o lslons aSes ¥ S5

SS sl SI(OYV) S 50 05 canline Gl ol salaase

05....4‘5;! oo lie é‘)—a" albdss c)lﬁ.b 6[.&0 S99y 6)l5

Temperature
Contour 2

1.664e+003
1.616e+003
1.569e+003
F 1.521e+003
1.473e+003
1.425e+003
1.378e+003
1.330e+003
1.282e+003
1.234e+003
| 1.187e+003
F 1.139e+003
1.091e+003
1.043e+003
9.955e+002
9.478e+002
9.000e+002

0 0500 1.000 (m)
— e
0.250 0.750

Bl abhise (g5 slos Jdgp 1 JSO

V942 5l ol alsies (g0 g0 glod Judgp Vo U5

Olsi B oogs Julowi azel o inten 5Lid g Loo (Sl L&
e S s s )Lad 5 )l slaSed flis

Yo

55055 e Lo jaeme 5 0l ol ciucSs Golo

Gl aladzs jgm p0S (Sl9n (699)5 )23 (5500 AV 4B B SO

= = )
o 3 o
= o o
S S ')

[8)]
o
o

(K) Glyim] abams 25,5 slod lawgio

0 2000000 4000000 6000000

e dlasy

Jmolmwoﬂélp|4hém@5? slod lawgin )‘QB—QJ.A J&w

4295 b a5 09d oo onalive (29,5 slod g (1) US55 50
423 M0- Glpal dbize (29,5 sles Lawgie 4wl &
Lol o0 A sg0 o o ol sl Jlade cowl o 5 ol
o tazel e 380 saraSads | Sl g8 e
el 50 Ll Cgllae (ot g colin (ordnits (S o]
) Ol gy g Gamaw (gilo e Dol (g

ool el Bl adhass alitie slacond (o Lo slo,siilS
Ol sl eolaiwl b oo lo 8925 (gamdns (glw Joe 4o Ladd oo Ll
|, abiie Gilize gloceond clos Glgie oo bosils
slos wile Gilizee loally ST olgior @2 5 9,5 odnline
) awain el (sl 5 (599,5 Slon sles «539)9 g
Olesily (29,5 slod by p (31950 calaine les (59




\F-F ‘SQS)QT‘\?f GJL.J O)LQ.':)Aa O)Lo-.ai) AR 0,99

FVO4A2 Joo s 655 st Gl gabaaze Jnis
¢s 5l akhame ol .ol DLE (Dry low emission) ¢
I3 szl 5l e sl L lgn a5 ooy bl iy
4>l Sy e 5 00l boldie Jpsw slaoy g9, 435
2 350e s 5 laglygm a5 ol 5l ogd e Jled]
5 35 C g (ySan bsle el I8 i 3yl L3 lsn b >
ool cely asi (o g Elo sloakadi ralS cely g oul Igo
Sz B sles (VW) S ogd 0 NOX  Soll
a3 o LS Ty g 0y Byl 93 (59, 48,513 o]
S g bglie )0 jliny (31985 olml gl abail palS 6
shoolatwl b dgae ol sl sly a5 o)ls oliwas 150 1sa 4
Gz poedle el ag by S S nge slao sy
“o Sbml dlhize 13 pa Syp alo S g0 Jpsw Sl p 0l
Syl WYgame (ul 38, cel oo alo 5 90l a5 050
S8 4y 4z g5 L aS 098 00 (5,5 S El g 51 (59959 Slso b
o 5,8 T Laauls § ) 51 S5 aF 355 oo sunlice (VF)
Sl 5 Los aalS el 358 ooy IS 5y 95 on ol
23,5 o Sl

45 o9l o0 oddlie (5 se ey HeUlS (V0) JSO jo
Sde S s g @l iz (29,5 Coon ) Ao Sy
03ld Cpz yuudd Cspw ST 00 40 el J g Cas @
Lol (anseis BB (5 97 Sy gilS 4 az i b oS

bz 2oy sl ) Lo 88 (V7)) JS& 59
a4 Sop O gl jo Lo ogd oo sdnlin 5l sl alaass
Ehgm 9299979 Sl g 039 Vb 3l il aladoma 3550 50 g
5 lalimde LB sles als aliis glal o o IS5
a4 Lo rals b ogd oo oass 5l alhass lgss gl
Oeizra g il alhass 10 00l sl slaals I 51 a5
lod ey o 19iSy . Consl 00lidl sl (6,5 Si5 (glagygus
0ads ;S5 9 g calad il 0gi o NOX  Sogll jrals el
Gl abize (295 50 0ol sy NO Hols 0 VL o
LOV) JS5) 055 o0 030

Slgp ol 15 &5 Qo] g abiizs o)l5es (6,5 S5 (s
sl )3 0l g e (29,5 slod plp sles b S
CgSy jebas a5 Sl VFVE gl e ol slaws sl ool
ilad 8 18 o, FY L eiw YF 50

L) sl Oslie b Elygm cnl 5l 5)90e lso (29 Ol
@ S oS Lad a4 ls g ooy alaione (VL sl 4>l
sdalie 0ly> Olaee & az g bl (5SS lon yiie

SRl g 0150 Koo aladme (VL j0 Sb > g 09l o

Slfe (i 4585

oo o 5l ol Lid 5 Les (sla,mls (1Y) 5 (1)) Uit
aS 3gud oo Sl 0 e de sl S 4y a3 b ans e Ll |
abame awg ;o Glusl a5 cwl glaigs 4 b, awais
g G ] I 5 S gl 58 el o S5 3l
slos 28, Y el 5 009 g & Seop Gl oS
o0l Jpgw o op 5 Gl salaize 6395 lrosgase
JHlo s a5 cwnl asie Jlid HellS @ aze b ool
s Glyz el a5 conl alaizs (g I eS alade
S @bcend 5 sde Juge 5 GISS slagl s
O ugSan Cuely o5 ite JLad 0)ls 2579 oy CunSl
a5 el oy (pl A5 g o laals 5 ol g9 5 4L >
@ Ky 4 ON) S5 j0 58 (lp 0gbie alad il

Lol shie lid a5 ol e

1.6626+003

- 1.586e+003

- 1.510e+003

| F1.434e+003
- 1.359e+003
- 1.283e+003
- 1.207e+003
 1.131e+003
- 1.055e+003
- 9.793e+002
- 9.034e+002
- 8.276e+002
- 7.517e+002
6.759e+002
6.000e+002

K]

Pressure
Contour 1

'—I’ 1.039e+005

- 8.159e+004
- 5.925e+004
- 3.691e+004
} 1.457e+004 \

il

=3

I

|

-7.774e+003 | I
-3.011e+004 | 1:
- -5.246e+004 | |
r

-7.480e+004
J -9.714e+004
-1.195e+005
[Pa]

T I0|'1A7)
PEEPRERRREEL

Bl aladze 55 0 5l g )0me (D (53, HLid HeulS VY S

02



4.485e+002
3.932e+002
3.379e+002

0675

Gyl aladome (29,5 3 NO Gl Judgn VY JS0

50 el oals ools las CO2 o)z puS (V1) JSo 5o

S SeE bzl g by o)l (5SS 0 SO ()

b oS g el oanlie LB o)l30 (53, sdbdans (6,15

Pl g e TS 0goi Sl a2l § e S,
atlyor JUtsl oje 508 S5 4

Yy

55065 e Lo jaeme g obl ol csucSs olo

wibor caz o) 5l s 2l wanl ool sl o)lgs sles
lgo 20 iali8l el amms jo g aulS | jLlud oL > gl as

axgi b oo ol opl 098 oo 5SS slagl w5l (5 0ue
el dgpuin (VA) IS 10 00l oy b 2> ba

Gl abaazme yip 55 2l (g5 50 ey ,gulS VY S

NNSNES

8.111e+000

-1.064e+001
-2.938e+001
-4.813e+001
-6.688e+001
-8.562e+001
-1.044e+002
-1.231e+002

-1.981e+002
-2.169e+002
-2.356e+002
-2.543e+002

[m s?-1]

‘_§|),.>|c\.]a.o.>u6|5.|a ob:.al)o &9 Q&).w)g.‘;;lf VO Jiw



VE-F 605,31 0FF by o )les i oylad FF 0,90

9 o0l S g g 190 1 (0l bglie caely g atdly (al381 518
alyoo (20l 3l aldioms (955 0 NO (Sogll a0
(V) 5 (V) sl Jsi)

Temperature
Contour 2

1.586e+003
I 1.543e+003
1.500e+003
1.457e+003
1.414e+003
1.371e+003
1.329e+003
1.286e+003
I 1.243e+003
f 1.200e+003
1.157e+003
1.114e+003
f 1.071e+003

1.029e+003
9.857e+002
9.429e+002
9.000e+002

OislS T e S8 aguy sbat 1
6‘.9& 90 o> é\).'fo-| alsroses gf'o’ﬁ)".’ LgLoo J.:é”.; Y. Jiw
)lf u?j_u.\ 59959 liseo

NO.Molar Concentration
Contour 2

2.394e-004
I 2.377e-004

2.361e-004
2.344e-004
2.328e-004
2.312e-004
2.295e-004
2.279e-004
2.263e-004
2.246e-004
2.230e-004
2.214e-004
2.197e-004
2.181e-004
2.164e-004
2.148e-004
2.132e-004
[mol mA-3]

OslS T e S8 asus sl 1o

99 o 3y alaae NO Sl e uds e VY IS0
B S g (5399 Al sles

r 5.172e-002
- 4.655e-002

4.138e-002
‘ 3.621e-002
[ 3.103e-002
2.586e-002
2.069e-002

[ 1.552e-002
ﬁ 1.034e-002

5.172e-003
0.000e+000

|
Gl abaizs 5l (5 000 (M CO2 (g2 puS ,9l5 1A S

s FRC EDM 8lp>l Joo aw oSGl a4 azg b
oS Joo s i 00 IS @ alaie ol sl EDM/FRC
b Jow 4y g 009 EDM Jow ams LSis 1) 5l it cadles
-0 69959 Sled b Lopa a5 wis 5l ey 1) oles las
Sl cpl gl aaiilel b Jow (plaS cee s ol
Jodo o b Jaw plo wws LSus 1) Glasl ol ool alaase
3 e W50y ,5 lxial (e g Slawlons 4 pa 09 Y
053 4y alolne 3l pitage ¥olre gjlulaz sl Julos oyl
aseien gie gl > b g alie & g0 dy el o0 o5liil
Ded o ugels alad LY (oYL jlad aldlh A ws 5
Gl dbiie (g5 sles Judgp (SB16Ss 5 (Sl
Ol 4z 0 Sl 55 Slagm,s S Gt Sl S
o w3l i 3l el iz (295 les Jdgn (SBI9S
Gl dldims (g 5 (slg az o o8 5 b o0 RalS (oo
Slooy sl 5 il ials s glaaS) Wil jesle,
ooy yoe Jobo (Al il 4l )0 5 Sl sl 98
Rl a0 ) 51 63959 sles 03gn (nl )d S9d o0 (8
SOl lree Jedgn 5 (29,5 slod Jedg ammlin by g 2Ly
ol sl an g 8 oloy sl el alaie (29,5 5o NO
b by 55 los (il b as o8 axin 5 gl
-0l Sl A Gl 0sd o0 FSleSy Gl aliise (25
Sl 5 L8 58 (sles al3 L oS 53 e Sl sl
Sy G ES g (29,5 gl gl uile Sl b g aidly

YA



SlSe (it 585

KQIM.S) V355 ajsSms  He
oS5 S v
Sal> el
Slas gy
(KPa) Ssbewl bwgie s P
355ty S 9 51y Mzl oy P
kg/m®) Js= p
e Jsb S
tboed S5 €5 g ey S
ool
Kyks T
AI3.M.K) o ydgr oyl culi
Oy o Og
oz Sy ggezme Sy
© ok t
Kals) ce yr sloadlse Ui

T e Vi

&=l -V

[1] N. Rasooli, S. Besharat Shafiei, and H. Khaledi,
"Combination of 1D Code and CFD for Performance
Analysis of a Silo Type Gas Turbine Combustor," in
Turbo Expo: Power for Land, Sea, and Air, 2010, vol.
43970, pp. 1015-1023, doi:
https://doi.org/10.1115/GT2010-23319.

[2] D. B. Kulshreshtha, S. Channiwala, and S. B. Dikshit,
"Numerical simulation as design optimization tool for
gas turbine combustion chambers,” in Turbo Expo:
Power for Land, Sea, and Air, 2010, vol. 43970, pp.
737-746, doi:  https://doi.org/10.1115/GT2010-
22889.

[3] A. A. Hosseini, M. Ghodrat, M. Moghiman, and S. H.
Pourhoseini, "Numerical study of inlet air swirl
intensity effect of a Methane-Air Diffusion Flame on
its combustion characteristics,” Case Studies in
Thermal Engineering, vol. 18, p. 100610, 2020, doi:
https://doi.org/10.1016/j.csite.2020.100610.

[4] H. Azadi, M. Zia Bashar Hagh, and R. Ebrahimi,
"Numerical simulation of combustion chamber of
V94.2 gas turbine,” Master Thesis, Mechanical
Engineering, Khajeh Nasir Toosi University of
Technology, 2010.

[5] H. Watanabe and Y. Suwa, "Numerical investigation
of spray combustion in jet mixing type combustor for
low NOx emission,” Energy conversion and
management, vol. 49, no. 6, pp. 1530-1537, 2008,
doi:
https://doi.org/10.1016/j.enconman.2007.12.002.

yva

55095 ke Lo jaese g oLl ol couSs golo
S5 A -0

oolaul L'V94.2 38 oy SO Gl alhame alie ol o

W 4 azgi bl oo (g5l Jae ANsys CEX 138l 5 5

Sy lawlrs o> og YU g Gl i sl Jrio

obid a3l el guls .0ue )5 (g5le Jow s ol piie

390 (glos byl jo a5 aSlil 1 Pl jal)ly a5 ol ools

d‘).o‘ FUETEN J.nls gJ.o.L?u u.ul...u‘ u.!‘ » ] 005.0.2.; 6)...*

350 slod lawgio ol 485 slxl Sk e olass L

1150°C il oo, 4 ol L 5l ool alhiss 51 (25>

ol Jedzs 5o oolatwl 0,50 colaél Jas sl sdel sy

e 2L oo realizable K-g slaoles 95 Joe cawsin

@L.s Lol ool solawl P-1 (SRS J.\.A )‘ J.».l?u u"‘ 5o

1S Sl ool QL...:

Iy silwdoe yo @l ades ol a5 Blos] Jow s e
eddy dissipation lals ;5 W Jaw csl 03505 pal )8
Al o

sl oo bylhgu Los roli8l Hlas 51 bl oy 5 Sl @

Shg Soghow 5l (29,5 I90 5 5 o Gg0e 3,55 @
NOx u;.\.\.ﬁﬂ R I &;)‘)’ sl s rals el
D9 s

ool lyus] alhdss o aleds 12Bar YL slo,lis o @
D95

4 3 1ga g CS g bgle jo iy 516y olxl e
Syls gl alads alS ol

D9 0 NOX  Sogll zals cel b jiin 515, @

&l alaase =9 sles Ldsp 35 sles ioldl Lo
Aalasa w.a:lf No L;O}” 9 0 )lej.o_iv

al,Lw"‘lgwincw,@é -7

sdSS) oiSle
il edl e
L
$99y9 Ui 3B &b
ol e jlassl o I

~

~
<

R TARGIRN

Q

Y o
lazel Jsb ool
(KQIM.S) JsSUge azs565umsg

T~
3



\F-F gﬁaj)ai‘\ff GJL.J O)LQ.':)Aa O)Loui) AR 0,99

p. 105345, 2024, doi:
https://doi.org/10.1016/j.csite.2024.105345.

[15] M. Ghamari, M.A. Zamani, M.H.  Saidi,
"Investigation of accuracy and precision of k-o and
k-g turbulence models in the furnace with the
flameless combustion mode," (in Persian), Journal of
Fuel and Combustion, vol. 17, no. 3, pp. 1-18, 2024,
doi: 10.22034/jfnc.2024.467667.1402.

[16] J. J.D. Anderson, Governing Equations of Fluid
Dynamics. Ansys Inc, 2022.

[17] M. M. S. H. Arhami, "Numerical simulation of
combustion with the aim of obtaining temperature
distribution, identifying and eliminating power
reduction factors of a gas turbine engine,” Journal of
Aerospace Science and Technology, vol. 15, no. 2, pp.
97-109, 2022, doi:
https://doi.org/10.22034/jast.2022.302883.1097.

[18] J. Wei, M. Ye, S. Zhang, J. Qin, and O. J. Haidn,
"Modeling of a 7-elements GOX/GCH4 combustion
chamber using RANS with Eddy-Dissipation
Concept model," Aerospace Science and Technology,
vol. 99, p. 105762, 2020, doi:
https://doi.org/10.1016/j.ast.2020.105762.

[19] H. Arjmandi, R. Amini, A. Ghaffari, H. Rahmani,
and A. Chamkha, "Effects of baffles and vortex
generators on cooling performance of a gas turbine
combustion chamber: Numerical assessment,"
Alexandria Engineering Journal, vol. 61, no. 6, pp.
4467-4478, 2022, doi:
https://doi.org/10.1016/j.aej.2021.10.005.

[20] D.Chen, S. Serbin, and K. Burunsuz, "Features of
a gas turbine combustion chamber in operation with
gaseous ammonia," Fuel, vol. 372, p. 132149, 2024,
doi: https://doi.org/10.1016/j.fuel.2024.132149.

[21] M. Sheikholeslami et al., "Simulation of turbulent
flow of nanofluid due to existence of new effective
turbulator involving entropy generation,” Journal of
Molecular Liquids, vol. 291, p. 111283, 2019, doi:
https://doi.org/10.1016/j.mollig.2019.111283.

[22] H.I. Kassem, K. M. Sagr, H. S. Aly, M. M. Sies,
and M. A. Wahid, "Implementation of the eddy
dissipation model of turbulent non-premixed
combustion in OpenFOAM,"International
Communications in Heat and Mass Transfer, vol. 38,
no. 3, pp. 363-367, 2011, doi:
https://doi.org/10.1016/j.icheatmasstransfer.2010.12.
012.

[23] A.Agarwal, O. Molwane, and I. Pitso, "Analytical
investigation of the influence of natural gas leakage
& safety zone in a pipeline flow," Materials Today:
Proceedings, vol. 39, pp. 547-552, 2021, doi:
https://doi.org/10.1016/j.matpr.2020.08.335.

Slfe (i 4585

[6] M. M. Hatami, M. Moghiman, "Comparison of
combustion results of two fuels: natural gas and diesel
in a high-flow rotary kiln," presented at the 19th
Annual Iranian Mechanical Engineering Conference,
University of Birjand, 2011-05-10, 2011. [Online].
Available:
https://profdoc.um.ac.ir/articles/a/1023269.pdf.

[7]1 A. Adamou, J. Turner, A. Costall, A. Jones, and C.
Copeland, "Design, simulation, and validation of
additively manufactured high-temperature
combustion chambers for micro gas turbines," Energy
Conversion and Management, vol. 248, p. 114805,
2021, doi:
https://doi.org/10.1016/j.enconman.2021.114805.

[8]J. Che, J. Du, Y. Liu, L. Liu, A. Li, J. Jiang, P. Sun,
"Numerical study of combustion flow field
characteristics of industrial gas turbine under
different fuel blending conditions," Applied Thermal
Engineering, vol. 251, p. 123573, 2024, doi:
https://doi.org/10.1016/j.applthermaleng.2024.12357
3.

[9] X. Zhang, Y. Wu, W. Zhang, Q. Wang, and A. Wang,
"System Performance and Pollutant Emissions of
Micro Gas Turbine Combined Cycle in Variable Fuel
Type Cases," Energies, vol. 15, no. 23, p. 9113, 2022,
doi: https://doi.org/10.3390/en15239113.

[10] Y. Yang, A. Liu, X. Wang, L. Xi, and W. Zeng,
"Influence of structure on the combustion
characteristics of a small aero-gas turbine engine
combustor,” Fuel, vol. 321, p. 124018, 2022, doi:
https://doi.org/10.1016/j.fuel.2022.124018.

[11] Sh. Garshasbi, and A. M. Tahsini, "Pressure
Effects on Combustion Chamber Performance of the

Turbine  Engines,” Journal of Mechanical
Engineering, University of Tabriz, vol. 53, no. 2, pp.
165-174, 2023, doi:

10.22034/jmeut.2023.54724.3223.

[12] M. llbas, "The effect of thermal radiation and
radiation models on  hydrogen—hydrocarbon
combustion modelling,"” International Journal of
Hydrogen Energy, vol. 30, no. 10, pp. 1113-1126,
2005, doi:
https://doi.org/10.1016/j.ijhydene.2004.10.009.

[13] L. Cong, Z. Shi, D. Liang, Q. Fan, L. Yimin, and
Z. Zhongning, "Numerical simulation of VAM
assisted combustion gas turbine,” Case Studies in
Thermal Engineering, vol. 61, p. 104858, 2024, doi:
https://doi.org/10.1016/].csite.2024.104858.

[14] C.-j. Wang, H.-y. Tao, P.-y. Xu, and Y.-d. Sha,
"Numerical study on flow and heat transfer of
combustion chamber and turbine under thermal shock
test," Case Studies in Thermal Engineering, vol. 63,



SlSe (i 585

(IJE), TRANSACTIONS B: Applications, vol. 28, no.
5, pp. 781-793, 2015.

[28] S. A. H. Mohammad Bagher Karimi Shavaki,
"Analysis of Energy and Exergy and Modeling of
Thermal Water Desalination Coupled with Combined
Cycle and Solar Power Plant in Hot and Humid
Regions," AUT Journal of Mechanical Engineering,
vol. 8, no. 4, pp. 299-314, 2024, doi:
10.22060/ajme.2024.23230.6117.

[29] M. Ameri, P. Ahmadi, and S. Khanmohammadi,
"Exergy analysis of a 420 MW combined cycle power
plant,” International journal of energy research, vol.
32, no. 2, pp. 175-183, 2008, doi:
https://doi.org/10.1002/er.1351.

A

55095 oo Lo jaese g oLl ol couSs golo

[24] Ansys CFX-Pre User's Guide - CFD EXPERTS.

[25] S. Nikbakht Naserabad, A. Mehrpanahi, K. Mobini,
and M. R. Aligoodarz, "Exergy-energy analysis of
full repowering of a steam power plant,”" Frontiers in
Energy, wvol. 6, pp. 54-67, 2015, doi:
https://doi.org/10.1007/s11708-014-0342-6.

[26] S. N. Naserabad, A. Mehrpanahi, and G. Ahmadi,
"Multi-objective optimization of HRSG
configurations on the steam power plant repowering
specifications,” Energy, vol. 159, pp. 277-293, 2018,
doi: https://doi.org/10.1016/j.energy.2018.06.130.

[27] S. Nikbakht Naserabad, A. Mehrpanahi, K. Mobini,
and M. R. Aligoodarz, "Technical Analysis of
Conversion of A Steam Power Plant to Combined
Cycle, Using Two Types of Heavy Duty Gas
Turbines,” International Journal of Engineering



FY-OY ambo VFF 60 4 3T APF Sy o)les ) o,leis YO 0,90 S0 cwdigen &y yisd

ISSN: 1605-9719
DOI: https://doi.org/10.30506/mmep.2025.2057786.2234

Lolo e (3l 50 (oud¥lygf (i (6551 (65w iy
Gode dxdllao 1 55950 b o 0uls 2ol g &ilg 3 solaswl

ol sl ailg 56 (CFD) lowlore &Yl Solus s, 51 oolisiwl b o guios ol ) odusr
M Orer e ;5 (Bras Ol 5 Vs iz 655 @ 2 PBT) yme lyz oo
Jeos sl 9 (BB ook lgl Joe 5l molesalz (558 90 ()b, (5l a6l ool (g
gy 3l Al i 4l sile and jshate 4 .aus S oolitul o laitiul K-€ Jow 5 azasl b ,>
5 b axg SLbI jlad a 505 Il (heghy onl jo 00,5 eoliul (MRF) sl sz pe ozl
el a5 ols s (g5l aerd @l b (o 0 O] (SB19S0 5 (SuaS] i 655 @ e
L rae Ol Wl oo 0T @388 P16 50 dgete 5 Vs iz 5l el L e 4
5 sl (Bl TV Gl el (pbie Cuz pd beass el atin job 4 aas falS
Olys LYY el g (s31eiSs TPA Rl el (Jsb cuzr 0 el 5 (Bras plg Y talS

Olp) Sl Glwaipe (ol (cole 4 il
ISME

Tlao ansl
(o (ot 5SS
lysld dnwgs 5 agh 3 0
SRS 5 05,8 S iy
oo S osS)
(e 0uSlS cgede sl
(OloyS yal aaged olKisls ¢ cand
ol

(B pan g5 o eudVl,gi iz (65,50 coads Pl la Al o e ¢35k (loddly sldolg

S5b o hpae W sERs ole i
VEFY0 il

VECEF e S5l

u;l.....qu Yl Salis AR PRYNAR R JRY

Raziyeh Safa*
PhD. of Chemical
Engineering, Department of
Mechanical Engineering
Research and
Technological
Development, IBKO Group
of Companies, Kerman/
Lecture, Department of
Chemical Engineering,
Shahid Bahonar University
of Kerman, Kerman

Optimizing turbulent Kinetic energy in agitated
tanks using modified axial flow impellers: A
numerical study

Abstract: In this study, Computational Fluid Dynamics (CFD) was employed
to investigate the impact of modified pitched blade turbines (PBT) on turbulent
kinetic energy distribution and power consumption in agitated tanks. The solid-
liquid two-phase flow was simulated using the Eulerian-Eulerian (E-E)
approach combined with the Multiple Reference Frame (MRF) method, while
the standard k—¢ turbulence model was applied to capture the turbulent flow
characteristics. The pressure distribution around the impeller blades was first
analyzed, followed by an evaluation of turbulent kinetic energy distribution and
mixing homogeneity. The simulation results demonstrated that modifying the
blade geometry can significantly reduce turbulent kinetic energy and lower
power consumption. Specifically, transverse blade modifications improved
turbulence uniformity by 71% and reduced power consumption by 10%, while
longitudinal modifications enhanced turbulence uniformity by 68% and
achieved a 22% reduction in power consumption.

Keywords: Agitated tank, Modified impellers, Turbulent kinetic energy, Power
consumption, Computational Fluid Dynamics
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! Turbulent Kinetic Energy (TKE)

2 Computational Fluid Dynamics (CFD)

3 Pitched-Blade Punched Turbine (PBPT)

4 Bionic Cut Blade Turhine (BCBT)
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Combined power and cooling generation system
based on a two-loop cycle

Abstract: In the present study, an innovative system is proposed for the simultaneous
generation of power, cooling, heating, and hydrogen, by integrating an absorption power
cycle, a compression refrigeration cycle, and a proton exchange membrane (PEM)
electrolyzer. The governing equations were formulated using EES software, and a
comprehensive energy and exergy modeling of the proposed system was performed.
The thermodynamic performance of the system was then analyzed, and the effects of
several key parameters on system performance were investigated. To achieve optimal
performance, a single-objective optimization based on a genetic algorithm was also
carried out. Thermodynamic analysis of the multi-generation system indicates that,
under the base design conditions, the system is capable of producing a net electrical
power of approximately 12/17 kW, cooling power of 5/201 kW, heating power of 1/697
kW, and pure hydrogen at a rate of 153/0 m3/h. The system exhibits an energy efficiency
ratio of 346/1 and an exergy efficiency of 58/36%. Furthermore, in the energy-based
optimization, the energy efficiency ratio increased from 346/1 to 33/3, while in the
exergy-based optimization, the exergy efficiency improved from 58/36% in the base
case to 94/63% in the optimized case. The optimization results clearly demonstrate a
significant enhancement in system performance from both energy and exergy
perspectives.

Keywords: Cogeneration, Compression refrigeration, Power generation, Energy and
exergy analysis
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Vibration analysis of bidirectional functionally
graded microsheets considering size effect based on
Reddy theory

Abstract: No research has been reported to investigate the mechanical behavior
of bidirectional functionally graded composite structures. In this paper, the free
vibrations of bidirectional functionally graded microplate are investigated for
the first time using the modified coupled stress theory and the optimized Reddy
theory. It is assumed that all mechanical properties except Poisson's ratio vary
along the width and thickness according to nonlinear functions. In order to
consider the size effect parameter, the modified coupled stress theory is used.
The equations of motion are obtained by considering shear effects using
Hamilton's principle and then the equations are solved using the Navier
method. After solving the equations, the vibration frequencies of the sheet are
analyzed and the effects of parameters such as microplate dimensions and size
effects on its natural frequency are analyzed. The presented results can be used
as criteria for the mechanical analysis of 2D and 3D functionally graded
composite structures in the future.
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