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ARTICLE INFO ABSTRACT

This study presents a comprehensive numerical investigation of compressible fluid flow in a
Article Type two-dimensional channel featuring curved and triangular protrusions on the channel floor,
Original Research under subsonic and supersonic flow conditions. Geometry and mesh generation were carried
out using Gambit, while numerical simulations were performed using Fluent. The k-w SST
turbulence model, along with a density-based implicit solver, was employed to simulate the
flow at inlet Mach numbers of 0.5, 0.675, and 1.4. The results revealed significant variations
in pressure and Mach number along the channel, directly influenced by the protrusion
geometry and flow regime. At Mach 0.5, the pressure at the leading edge of the curved
protrusion increased up to 1.2 times the inlet pressure, while the Mach number dropped to
0.43. At Mach 0.675, the pressure rose to 1.4 times the inlet value, with the Mach number
decreasing to 0.6. Under supersonic conditions (Mach 1.4), shock wave formation was clearly
observed, accompanied by a pressure drop to 0.75 and an increase in Mach number to 1.5
downstream. Triangular protrusions induced stronger disturbances in flow characteristics
compared to curved ones, leading to the formation of more intense shocks and steeper
pressure gradients. Velocity vectors and streamlines indicated shock concentration near the
protrusions. The k-w SST model effectively captured these behaviors. The findings are
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Figure 1) Geometry of the two-dimensional channel with a curved
bump on the floor
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Figure 2) Generated mesh in the channel with (a) curved bump
(b) triangular bump for Mach numbers 0.5, 0.675, and 1.4

() oo (Sl () b oo 55 oad sl oS (¥ JSb

VE 5 /EV0 oo/ Lo slacl (gl Lilie (Sl
Elo dae 55 |y Slulxo aSudt I Vil cud 20l ) Jga=
olid Gy 9 S Foie) ghw dwsis £33 93 (sl /FVO
Glayiahly p 4ol sladsbe slasi Bl s ol 53 230
el 4B S 3 b5yl 350 Saely 4ol 3 gl s
ghio ;3 2o dac Aoy g dineS yolis cdwiin ya (gly
Vw55 Aver 51 dSaids (gl Jplao 31s5 (o5 yiljl b S 2o
slasi il b osgdie sralie 45 sbplan losd wud
9 005 S U dwid 93 0 53 Elo sae plie A

Modares Mechanical Engineering

O Sl Bl o ] Gl 4 (551381055 degazo ol lid
Gl d dogi b v el ai8)S eyge (gdasie Vs
caisS b asdl,lisle a3y Gl (o 3)30 Ao
2193 55 oiga oS egb9e tewml ealyd caneS 133l 55 YU
YU caeal 5l by pelue oy e g aeylans 40 S5
5 Galnesr s ar wdgls Jl38le s )T 5 (yg38 el Hl3ye5 s
JyiiS oSl g k— w0 SST Suasl Jao euais j3 YU Slasil
Slolyz 55 ohgdy (Suadl 4 baipe (g5 hulyd Gi8s
) L,IL<.> <uL' )§.L> el cuwl o k! ‘)ﬂig‘afl)’;‘
Jal= sl pols jebas wedBld )5 (633e (g5Lelaly sl
Slps zg0 wiile ssuzn oyl b wge §98bo slogly>
! w‘.‘w Lx"“")’)b Lg[m:tp‘.} 9
9 g 93 Pl I eslawl b lgige |y Jw wl)d wSy>
EX 9 O g dhily 3 Jao Gzl gy bl dhad,
53 g Jlw K3 wylie @ b osds (8)8 s JSib e
dsles (398 wlusyd i8)S a3 )5 b .l o aid)S s
V] ol 5 GBS 08 4 Siwwgay

a(p) _ 13

W‘i‘ V. (pu) 0 ( )
3blie pigesh dluwe ol 3 gliyz 09z & wdls azgiab
Uliso el 5903 45 Byo olgies (JB o 51 lpliy
IS g8 abaly 1 ol o JBe il 0 cadgls Hlisles 5
Oldse glaysie 5 Ldl0 U.iwg,u wYslee (Hie Gludlyays
Wloe iz WS bgpe oo 4 ahds o 55 | gl
VY] 38l hayed B 5 w90 4 aitese

(p)+V (puV) ==Vp+F+V-t )
wels> 5 Sl (gl pusite 51 3, 5 S0 b sligl w¥slze
s 4 Gl eyl Jiil g gl eyl Jel> il
Loy 5 ey YU lagbshS 1 e bopsie ol il
ool Yae u).x.v.uou_d Blz b siws by glaae 51
el alaz 51 o BT 13 aidy 31 (6550 49 (g5lodsnds
ool 51 oslisl bl dunlxe BB 505 e mhuw s,
2355 rmalin 83 Y 3y sae L slaglyz 53 e¥slas
o 53 (Sges Asle wm30 4 ) plucs! s (53, L3

YT 2blie 3) wyge 4 zilnd glolyz 5 i

(p )+v (pu V)——?+pf *
(p) dp
HV- (o) = 50+ oy )

—o 2 QB 55 wyge 4 Rl el s (655l dslee
YY) ik

Volume 25, Issue 06, June 2025



ohiSen 9 Kujs cussmyal  YYA

@l 4 dzgi bl oad o3l )8 T9 (595 UB)3 e soby
& B oads oslisl Jlowl 58 Jao 5l bz Jsb 53 B
b J> slise 5 dale STl 515 dslae SaS oy ghiio y )3
Olase (550 byl e ol (53958 53 d3d gl Glesd by,
JUES (595 2 Sire byd co2ex> 53 9 o Jleel ()l 590
byds 5155 ol 9 Yl looylans (sl ol oad polals (25,5
9 (6399 33 ,Lid g Lod bl .l oads ealastwl oylgsy (5550
sl load s laibiol bulud 385 5 53 b (29>
ol 3 ¥slae glagehly oled (J> 35us 5 =85 Ll
Slaibiwl el js adgl jlade . s5ad @udaiS 095 duiye )d Lidu
Jlesl (63955 3 wlilze a3 bgyye wlehhis g ab osls I8
53 eealed )3 398 5T Gl (6399 4bili 51 > ail)8 15 aps)S
185 ol )y 0eee Ll Lyl S5 3las ecslline (gly] ik

s -y
e 313 V& 5 +/TV0 (/0 slaglo sae U Isn isaSTy Jiuw
ol ped wdl> 55 9 gon pliyz Jsl wdl> 93,5 45 350
Olae (5 lodiuns g dosin (g5lodund gl 28l Gigel)s
loloe ¥l Solins > (sl 5 wersaS 381053 51 ol
S olsie @ cmpiman ol 018 sslitl wiSsls Jdleyi 5l of
Jal=d )50 (53S99) Gilke (Saely UK 53 (63,18 azd
lElo g 5Lid (slayguls Gioled cluue yl 53 ol 48,3 1,3
i ) el (s33e S sl el lngsp 530 cosal
Sl (JB Lo sz S @alaid Jolds o5 3550 el
9 +/TV0 /0 Elo slael b ylyz bl udssis g @S> w¥sles
o palails > ilej (Lo el8 g Ayl bl cpuizeans .zl V/E
pll dlus J> jno 35 b g aYlEe ealed 53 g
(Stwgry sloalslae | Sl gl Juled sly 2050
dndlslas ol J> 3l 5 Sedise oslitul el o (gl IS
ORrage 3loe s 4 ey g Lod (JB Lad wY5ee
o Elo Sl el gl sae niyesTy slaplyz 53 el
e whynsi o ;5 S 308 5o Gigers ol [ /A /¥
Crand ol 53 0lGad 3929 @ o 53 Sad Lol sl dzgi 5
V0 5«10 glo slael b (Sgon; slagbyz 4 byye el
o351 e 5 )5 JSbiie (Seln b 532y 93 e (sl

RO PV

sm

-

(@)

1808 alays o oyladd (Y0 0593

(JSizie phuw (sl Sne sl Ly cdls 4 Gug
VFeoe aSis 53 o/ AAR dy Aver aSils 53 o/ AVY 51 2L ae diiin
/A Ay oseeld 1 ELe dae digeS Sl s el aidly il
IS b 350 533,08 Giliz i e yalie 3 g o
Elo e dinidin &5 (5,9bdy 3950 csalie il (5339 54
Gli8l e/ eQF s o/e¥E 5l Ele dae diseS g /YA @ o/ YFA
9 Weer) Pk sy 95 o @S G (5l el aidly
Sl el 5 ulis () San eaimdplis (ol VFee

ol L Lo alsl (gl ol

Table 1) Independence test from computational network at Mach
number 0.675
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Figure 5) (a) Pressure contour (b) Mach number contour along
the channel with a curved bump (k — w SST Implicit) at Mach
0.675
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Figure 6) (a) Mach number and (b) pressure coefficient along the
channel with a curved bump (k — w SST-Implicit) at Mach 0.675
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Figure 3) (a) Pressure contour (b) Mach number contour along
the channel with a curved bump (k — w SST Implicit) at Mach 0.5
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Figure 4) (a) Mach number (b) pressure coefficient along the
channel with a curved bump (k — w SST Implicit) at Mach 0.5
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Figure 9) (a) Pressure contour (b) Mach number contour along
the channel with a triangular bump (k — w SST Implicit) at Mach
0.675
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Figure 10) (a) Mach number (b) pressure coefficient along the
channel with a triangular bump (k — w SST Implicit) at Mach 0.675
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Figure 7) (a) Pressure contour (b) Mach number contour along
the channel with a triangular bump (k — w SST Implicit) at Mach
0.5
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Figure 8) (a) Mach number (b) pressure coefficient along the
channel with a triangular bump (k — w SST Implicit) at Mach 0.5
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Figure 11) (a) Pressure contour (b) Mach number contour along
the channel with a curved bump (k — w SST Implicit) at Mach 1.4
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Figure 12) (a) Mach number (b) pressure coefficient along the
channel with a curved bump (k — w SST Implicit) at Mach 1.4
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Figure 13) (a) Pressure contour (b) Mach number contour along
the channel with a triangular bump (k — w SST Implicit) at Mach
1.4
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Figure 14) (a) Mach number (b) pressure coefficient along the
channel with a triangular bump (k — w SST Implicit) at Mach 1.4
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Validation Comparison: Mach Number (Ma = 0.5)
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Validation Comparison: Cp (Ma = 0.5)
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Figure 15) Validation of (a) Mach number 0.5 (b) pressure
coefficient (Cp) between numerical simulation and reference data
(for curved bump in subsonic flow)
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