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ARTICLE INFORMATION ABSTRACT

Original Research Paper The Jet engines working near the ground, with low speed and high thrust, can experience flow
Received 18 February 2017 separation between ground and inlet which would lead to vortices called Ground Vortex that have
Accepted 28 April 2017 harmful effects on engine performance and can disrupt integrity of inlet flow. Deep understanding of the

Available Online 27 May 2017 physics of this phenomenon could omit the injuries of foreign objects damages, engine surge,

compressor stall, and fan vibration. In this study, the ground vortex formation near the inlet air duct of

Keywords: . R . . . . . . .

Computational fluid dynamic an aircraft engine is investigated using computational fluid dynamics. Simulations are performed for a
Ground vortex 1:30 scale. The fluid flow is assumed to be compressible air, three-dimensional and steady.The k-w SST
Bnlet vortex model is employed for incorporating turbulent characteristics. After mesh study, the boundary of Vortex
et engine

or No-Vortex for results of this study compared with a theoretical and an empirical correlation by
Murphy which showed good agreement. Moreover, despite free stream existence, decreasing non-
dimensional velocity ratio causes the movement of vortex core and by approaching the critical non-
dimensional velocity ratio the ground vortex would gradually disappear. For U* = 33,44, 66,132
ground vortex is formed, but for U* = 26.4 ground vortex disappears. The computational method has
subsequently been applied to configurations that are difficult to test experimentally including headwind
flows. According to this study, the formation of the vortical flow field permanently affects the total
pressure distortion on the engine fan face. In this paper, DCq is calculated under headwind condition.
These coefficients are 0.39, 0.391, 0.447 and 0.3957 at U* = 33,44, 66,132 respectively.
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Fig. 1 Ground vortex on a military turbofan engine visible due to water
condensation inside vortex core [4].
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® Reynolds Average Navier-Stokes (RANS)
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® Non-dimensional velocity ratio
* Ground clearance ratio

® Sucked stream-tube
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Ground plane

Fig. 2 Dimensioned sketch of a jet engine model, in millimeters.
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6 o)lasis 17 095 1396 ) g piubs (w30 SuilSo wdiso

aslne Jlosl 55 abal, 5l 1 Sz 5 00 (558 pdieSTy S ppon lse
ol ol Bl =157 (ST Joe 5l 5 anadsl )by (g5lwdcds gl 00,5 o
116,7,5 A1 el oats sslinul ' 5

2 oSl Gleg g bawgie SYslee w505 bamgie () 5l eolitul b
deo Jlw o5 il (22 rinl jo amloe Cowsay aial Gl >
Lsgie Luls, (8) b () Lyls, ool cob S5 s 5 piseSls
@) 5 (1) Lals; 5 pdieS1y Gl 2 oS 655l 5 poitase 5 (Shwgm
il o5 e Bl Lyls o 5 ool Lol Bel -5 Jae S2as] L,
LTl =15 5 " kel -5 Jote 95 Sl culp oS3 513 Jpor 0 ool
[19-17] Wi oo dnlons (9) ala, 51 ooliciu

d(pu;
9pus) _ @)
8xi
0 0P, 0
E(pujui) = —a— + a(t'i + iji) (5)
FPy [pul (h+ wu; + k)] o [ui (8 + prji) +
o) o
—+——)—+
(P Prr/ dx;
( + pk) ok 6
pra ax]] ©
a(pu}k) aul ] ok
* — — 7
ox; Tij a - B*pwk + ax; (u+ oy r) ox; 0
a(pujw) y ; 5
ox; v ok PPOTF
0 [( N )aw] N
—\(u+ o p)—
ax] wkt ax]
2(1—F 1 0k dw
( 1)P0u2 ax ax] ®)
®=F1®1+(1_F1)®2 (9)
— L a0
max(a,w; 2F,)
ou; Ou; 20w 2
U Tt Nl 25 U B - 11
t <6x]~ + 0x; 30x; ij 3pk511 @
k-0 SST
k—¢
k—w
94


https://dorl.net/dor/20.1001.1.10275940.1396.17.6.47.7
https://mme.modares.ac.ir/article-15-9742-en.html

[ Downloaded from mme.modares.ac.ir on 2025-04-13 ]

[ DOR: 20.1001.1.10275940.1396.17.6.47.7 ]

ol 9 WY pko aube

09590 592290 I b b9 v 03 Lonled Jgige S Slgd JUIS ) Giae) 43l S5lwdumb

S S g 0392l (2 Slie Sty lamie (Kl b ()5 0L

1131 Wi cews 4 (15) alal, 51 Slyow om0

(1) == i (R 20
Uso/ it i DDy 2Dy

Ll @ azgi L «(16) okl 5l ) Sz o calaly o oS

as

1

o = (1 +¥Mz)ﬁ 16)
ool b o oLy a5 aig8 e ol o 1.4 L pl o K (16) alayl, jo
S g e Zoms (15) alasl, 5l ool s @ Slyme ey o )
FSE5 als )T 0T 5 2eS e g slatind 19 85 55 0 (nd (st
Comd Sl 4 4295 b gd o0 JSAT Alo)S i polie )3 5 ot
SN b el 2.28 L ply polo i (o2 3590 S s £S5
ey WS 5y o il sl Gl dme Se e S dolae o
Jlade ol 5l 58 drg Sty glacans (0 1 0] e s 4 30.48
St s Sl )3 9 33,5 (o3 S5 Sy sl )S 0d &l e Bk
Sne S S B sl p3 oo dgdioe JSE5 Al S VL s
"8 S o a5 jebolee ool sas Juds (1 Jgax Gillhae) calise
C s goand L5 o)lads odd gy diged ;0 sl 0l attine
ol olowl als 3 oyl d ple o Ll 4 5 S glals 3 26,4 o o
2,1 (15) alasly (55855 00l (i 50 b JolS Bl jo ol (! el
sl osls Jlasl g, 5l oolitl L 2011 Jlo 10 LegiecSe 5 (390
S0 fzen 5 0.4 5 0.25 o elis )l slacaes o 045 alKiole;]
L, A7) gabal, (87/Dp=0.11) 550 4Y obul> culis 85
33 53] s 4y ¢ Gl s S 50551 S s (s
<ﬂ> =8.5X% E +1.2 an
Uso/ cri D,
b Gl S Cond il oS ano )] Cod 4 425 L
I dols mls eS| ail e 2058 Lyl (A7) akl, 4 arg
4z b gl oo dunlie (20.58 iy ce s ) 0 (nl b (gjluands
26.4 ooy S ) 929, 5l b (g ez 5o pEl Gk 0 S cnl @
39 0 DS 50 cnl b diged cal edioe S (Gey a5
s, S 13 T oo &l 5 b g als S LSS pae gal
& same ey slacans Yol a5 cul cpl jpe onl b S e
50 00wl Cewd a4 (A7) alal,y g ol plmil o] 10 weiKe g By9e ialej]
a5 a0 lagl Gudss )0 po (55 Y Cuwlbks g 0oy 0.25-0.4 o5l
2 Sged 1 sz 4 ol Buivd )y 90550 @S Sl onl b el oad
S oo iillae 5lge (S

@ g9 ox S

(o b plp gl Co ) (2,6 0 (B39 g Il> -1-5

IX axio (5ilge (ol )3 Oy byl wls 5 JSas pols (las sl n
& jobolen sl o w5 "9 JSA" 3 (Vb sles) (e RS
2 ol sy o5 el JSE3 Al S 4 arg b cwl pakine SO0
Ot LIS 69959 4l S 5SSl (e dges adlge) Y sl
oles lagl 2 b ol pateine 8 (phg; Sk SOy L g 009 2552

! Data- fitting

95

RSy
H%‘?Av;ﬁwgm,

M‘ =

S R A S S 2
AR
Sk

SO NI S

ARG
Vi
IR
L

W

Vit

b

S

pv
Wy,

:%
\/
)
b

7
i
i

o H &5"\“"“&“‘“ W )|)Sl|a}.| 2 00 ».\.J53 4&._.4 55 ;&w"

120
i =] o 1.3*10° Cells
1 @  3.0*10° Cells
X A 6.0*10° Cells
. osf
£ i
S
= 06
z i 0]
[ A
R 04l
0.2
0 U N ST N ST ST T TN NN S SO NN N S L
0 2E+06 4E+06 6E+06 8E+06

Number of Cells
Fig. 6 Changes of static pressure along the Z axis in terms of the
number of cells

Jokes 010ws s p X jgmme sliiul,y jo Soliwl jlas ol s 6 Sl

42
X H  1.3"10°Cells
41 @  3.0%0°Cells
L = A 6.0*10° Cells
aF
P
ﬁﬁ 39 -
= I
% asf
N L
3.7 »
N A
36| @
35 : . 1 L L L 1 L . L L 1 L L L
- 2E+06 4E+06 6E+06

Number of Cells

Fig. 7 Changes of static pressure along the Z axis in terms of the
number of cells

Jslos 81s5 o 7 p5me sl s Sl b Sl s 7 S
pae a4l 3l ale )3 Sas anl wm g g 5 a0 Sy dasie

ceily dz g8 b (15 alayl)) 0l oo ooliwl WS o plae als )3 |SCas
Olyz Sy condd wi8)S L 0 (g0 Y Culho aSipl 4 azgi b S

6 oplouts 17 055 1396 g3 paeds ()30 Sullo Gwiao


https://dorl.net/dor/20.1001.1.10275940.1396.17.6.47.7
https://mme.modares.ac.ir/article-15-9742-en.html

[ Downloaded from mme.modares.ac.ir on 2025-04-13 ]

[ DOR: 20.1001.1.10275940.1396.17.6.47.7 ]

ol 9 w9 pke dalac

09590 592290 I b b9 v 03 Lonled Jgige S Slgd JUIS ) Giae) 43l S5lwdumb

00125 00375

Fig. 10 Temperature contour on the z-x plane
Z-X axio b s5le0 5 YU (slod 5 oo 4las 10 JSC&

Streamiine3D
2.080e+002

280504002

2.8000+002
| 272404002

2638e+002
K

[ 002 0.04 (m) .—I

Fig. 11 Inlet vortex and temperature variations on it
Ol 69y 2 led Sl § (639,9 s 511 IS

oS jebolen 53,5 o0 JUIS (6395 ) Cooms & alls,5 oS > sl g,
99y 3 ol Ghis ez 0 alsF e M2 JSE je 05 Ly KSse
U 5 Con & a3, a8, )l ol ol e ial3dl b ol an
Sl )0 gy uls )8 ol 12 (8) UK o el eols e s
o Ll JUIS 5 4 a5 5 "12 (b) JS&" o g a5 JSs JUIS
@l JU 5 ey o wla,S Jlasl 5112 (d) 512 () sla S 5o 5
5 ool adad lS Jlasl opl M12 (8) JS&" j0 5 oad atulS gige

Dgdoo Bl (Saej sl S

05 41055 glodiud Slani 1 3 b398 -3-5

Sk (3s g Semdy 0 wld S (655 UKD ) Jolo sl (o) anlie b
slaals S olaai g alo S w5505 (2l g ng, 5l b 39 9 (2
Sl (539 e Sandg pd el Dglite JUIT (639,94l y3 oud S
Sz 3 85 Sl (Jb s ppl el 485 IS (piey sl S o 5 s
Gz g s Sl S e a4l Ul Sk demles s 5l ol G
F8) oS tin 56 "14 513 ola IS 5 05 e 0o il S
el oady paseine G L ey hans S0 ambe 50 (A5

"ol glees! o o —4-5
ol sl glarsel 5 (giey AT onny (wyn 3 & (p alex
Gy 335 (o0 (op )P S99 (P Samhe )3 Lals Sl jpax
Ol glrsely Sl Gl 5l g)lms capo (nl wSlioe Oy glassl

1 DCyy

6 o)lasis 17 095 1396 ) g piubs (w30 SuilSo wdiso

140 r
126 Case#l & Vortex boundary (Theory)
12 b 4 Present Study (Vortex)
g | m Present study (No- vortex)
L &t = = = -Murphy and MachManus
=]
B g |
B Caser2 &
C
=T
[
=
L Cases3 &
2 Vortex
Casesd & 3048
28 Casez5 ®
_______________________________ 20.58
14 ¢ No- Vortex
0
228

Ground clearance ratio at h/D,

Fig. 8 Present study and experiment results comparison

Slbl glad 5l by oS aes e ol JSKO ol o 58 s ol
9 o0l ey 5l (69959 ad (np) Ceemd )3 Cewys g ol oaaS
apd e |y sy Al S JoSis

S slalsS z2ls ol iy e ulpd cow "L K" o
ool pasiia (93 e Cuwl oud (69959 Cean3 Sl 5 00l I (e el
ey a8 S 5 by Gl e p0 Les (S 10 ST s
aslol Lo zals cpl 55 11 S 0 o) apbes b)) bl o 5las!
59> ke (nyier 4 plyr S g &S (6399 A Cwend o g aidly
b (g0 B 5 Lod sy o0

L g5 (aoy0 100 a5 o) ol YU lso (pond Coshy a5 al il yo
aolol i abais U Wil o Lod (2l pl ol 09290 lsa 0 O @3
JSE" s oo b ol L85 93 T sloolad o5 sl 5 il

12] 54 39,9 Al ,S ol sl el "1
P 0 (639,9 4,5 Al .

o) 10,5 (K0 1 995 31 0L b9 Cu ;G -2-5
Mo pis ol is e U [20] Ksge axgs B lanlis 51 (S
G239 S w3l eige <ol slaglasl 6l oS e g9 el wilo 3

3 Pis a0k g Bl 5 0o 53 ale )T IS i o ol

Fig. 9 Rotation of velocity streamlines on z-x plane under no-wind
condition

Sl B39 Ha g 53 T axbo 53 Gl yr Sy bshad 252 O JSUh
i

96


https://dorl.net/dor/20.1001.1.10275940.1396.17.6.47.7
https://mme.modares.ac.ir/article-15-9742-en.html

[ Downloaded from mme.modares.ac.ir on 2025-04-13 ]

[ DOR: 20.1001.1.10275940.1396.17.6.47.7 ]

Ve 9 w9 Sy duaboc 09590 6592290 J1 3k U9 I 3 Lonled H9ige i Slgd JULS )3 o) A3ls )5 5 lwdunis
SoolnesD SoSihne 30
884e+002 266704002
2.163e+002 { 2.0000+002
1.442e+002 133404002

7.210e+001

99216005
ms™1]

[ 0025 0050 (m) .—1
—

00125 00375
b)) U* =66
Velocity
Streamiine 30
342504002
256004002
171204002
856204001 5

0 0025 0050 (m) ._1
— —

00125 00375

d)U* =33

Velocity
Streamiine3D
7.074€+000

| 5.306e+000
35374000
17694000

2.834e-004
[ms™1]

I —

0025

6.668e+001

0 0025 0050 (m) ._l

00125 00375
*
@ U* =132
Velocity
Streamiine 3D
T 287464002

215504002

143764002 -

7.184+001

45536-005
fmet-1}

0 0035 0070 (m) ._I
—

00175 0053

C)U* =44

0.100 (m) .—1

0075

@ U* =264
Fig. 12 3-D y-z in-plane velocity streamlines in under headwind condition for different U*
99, 510l (g Camdy 10 aliie dr g i p GBCGs (O Y7 axis ;o (gamdws (§39,5 Hb,z 5K 12 S

abaly 4 as g b coyo ool Jlade o)l 48 amin 514,060 o1, b ,>

[16] S 0 dmmlne (18)

Velocity
Streamiine2D
T 1.981€4000

1.543€+000
1.1050+000
6.6746-001

2297€-001
[ms1]

0060 (m) .—I

Fig. 14 Formation of two vortex cores under headwind condition at 2-D
velocity streamlines on the near ground plane

20 92295 510l 0l (B5g Samdg 40 (e sle S a9 S5 14 D
Oy 03 GAmbo (§9) » (Gmed by ey (555!

l Y Ve
o
I 2

0
C—
0.01!

&,

0045

97

2 ) jelate .ol y9ige (699,59 (o8 e 40 450 B0 gllad o sy o
gl 5 U5 L slamio (uSibe Sl (it o col (sl pllad

Veloory
Suwarien20d
3 049000
2374av000
10050000 {
Ak
1100400000 »

34870001
met)

Fig. 13 Formation of one vortex core under No-wind condition at 2-D
velocity streamlines on the near ground plane

Sk ol Gh3s Op Cendy ) (e A e Sy S5 13 S
Cre) 05 Gazmho (59, p (Smgd by S 5 o ()

! Area-weighted average of total pressure

6 oplouts 17 055 1396 g3 paeds ()30 Sullo Gwiao


https://dorl.net/dor/20.1001.1.10275940.1396.17.6.47.7
https://mme.modares.ac.ir/article-15-9742-en.html

[ Downloaded from mme.modares.ac.ir on 2025-04-13 ]

[ DOR: 20.1001.1.10275940.1396.17.6.47.7 ]

Ve 9 w9 Sy daboc 09590 6592290 J1 3k U9 I 3 Lonsled H9ige i Slgd JULS )3 (o) A3ls )5 5 lwdanis
S 2atescn0 DCop = —— 18)
qsf

475100000
32654000

1.780e+000

2
[ms*)

= .
0 0035 0070 ¢m) o—I
—

00175 0053

Fig. 17 x-z in-plane velocity vectors with the pressure contour in
U* =66
i o Sy X-Z dimitn )0 L8 ailed ol pod 4y Sy sl lo (6651 17 JSC&

ob by Cepw i) 44 Jlade @ dmo Cege Sas 25 L
OO0 Nz @ g9 b ey 5l 5 Res salbS (4l p e 3 4 e
Cowl 4Bl 2l e e b (25 Gbyr (28 54y Jlail 5 008
Oby zlesel coypd 0 woye 125 1;05» Sl o 5 (12 () JS)
Sy I8 33 ke @ dm g S pes Cad S R L Eelond
b leals,S Jlasl aSenl a azg b el e 4 4 e o 0l
5 A2(d) JS2) ooy sy 90 sbodigad Gliee (305 & e
S99 55 0l glrgsl cups Wil oo 58 (e 5l Sl 5o aals S

Sl a8l zlS ws,0 0.25

& 5 i -6
S ige 5l (Bly aiged 130 a5 Jaa )3 (935)9 4T (oyp cnl 5o
IR WEC NPT RUNEIN EEOON 51| FRTIE OX VIR Wl s
als 5 ol5T bz 995 0 a5 aras e lis sl Cansdy bl @
P 699y e JEI b wlgioe g ond JSAT (53959
655 7 B (53555 4 5o Loy (i il il el
G 5o Lo a5 wes o plis oles Dlpss gwyp e @
Doge o g 4l ol pied bl U Wlgioe (63959 wloS
algs 3939 Ol glaohad JoSis el (s Cagloy (090 YU
ks
Als )5 dd g Sy Cand (R L wins o s mls @
wlo 5 (Sl s o e Cand A G,y b g ol el
e bl dno lace pu Sund 13 3900 O I (S
sl 428 5l s )5 00l ploxil ) 3.1 26.4
lodins slaxs g9, 3l ol ije b o a5 ol cvnlie @
Ol g Sl 53 5 oo s SOl S 4 als S
Sedee JoSi alo 5 ates S LS (21 0L s
ol 31V ane ce g gz Gln o0 @l &5l
S o St ) 60 AT LSS pae S e
o poghaSe 9 (By90 Lawgs oud il abal; Bk izes @

6 o lasis 17 095 1396 ) g piuhs (w30 SuilSo wdiso

455 wne Sopm Sod Bl 3 Gl glrgsl cups Sliss
al,l "5 S o ol a3 IS oyl 1o als 54 ) 950 diges
el 00

Caeyp) 132 Ll dmo S p S 50 "15 S8 @ a2 L
Sz 50 Sy A5 90 il p e 1L Gl e ok ol
Sbml s 5 00l LSE5 5550 (695,5 JUS 55l saml )0 mo b
J525 16 IS ailead jise (slsm JUB 4 (595)5 Lz 50 glrsel
S samio 3y p |y e Slop JU ol o ey als S g0
Sz O 53 K 0 saeml 90 16 S (o aes o (Lt (e
P19 Orizes b 4l S sas 50 jea | (AU Ce s slajls
Gotidlis 3 oals ouglS JUIS sliwly jo JSKo 0 aS (6,500 K50,
s sbly 53 (oS slapl > Sl (padu b eansS I (LA Las
bl ge 4l yiel ey b ()5 0L

b oz ey Gl 66 Jlaie 4y dny g ke Cond 22l L
bl o laals 551 (S, "12 (b) UK Gllae (4l 5y 2 4 (2>
e g 00l i JUI 5 K05 AT ol g ool 000dS (e
i JUES! el o 0l ,> glrsel cuyo 0 doys 12 Togas il
G JSE ol 0 el sad sols ylas M1T7 S e JUIS p5 4 als S
Er g odm AbS e 3 jlid Cdl Soly Sy o el
3o Ol ) (e wld 535 10 (2352 S 5 e S sl

0.55
0.5

045 | —m—Headwind

035

DCyq

0 20 40 60 80 100 120 140
Velocity ratio, U*
Fig. 15 DCgyagainst velocity ratio
Ay g S s S Bl [0 b2 lagel oo Ol s loges 15 JSCS
Velocity
1.976e+000
1.546€+000
1.116e+000
6.850e-001

25580001
[ms*1)

S —
0015] 0,045

Fig. 16 x-z in-plane velocity vectors with the pressure contour in

U =132

s s 3 X-Z dzxitio 40 L8 lad ol yod &5 e s sl lo 4y (65X 16 S0
132 s o

98


https://dorl.net/dor/20.1001.1.10275940.1396.17.6.47.7
https://mme.modares.ac.ir/article-15-9742-en.html

[ Downloaded from mme.modares.ac.ir on 2025-04-13 ]

[ DOR: 20.1001.1.10275940.1396.17.6.47.7 ]

Ve 9 oy S opre dslac 09590 592290 I b b9 i 03 Lonled Jgige S Slod JUIS ) Giae) 43l 55l
I s pr sdlhe 264 ano Cepe S LD ojled yp 3y9e
G5 5l gl ailge Ty, oS ol by ATl Olyiess |y el ol s 4 00,5
e ¢ P reSa g (B by sdaliws 4 oaes
ceyl Pl &5 £ 5ol Cuws 402504 5 by s i) Glacens
Kl 14 A0 ) i aY Cubks 06 by 65 e
Ploasl 55 aslas 5 Eoli gl O ol b oo b gilotmd olye ak ,o J ol b
e 3 Faaldslae o i e B 07,0 LS g0 Cillae 550
Ss,S sl 8 b ambo o by glresl oy pwyn b GBSl o @
(MM) 5550 Y olxl> culxs [ O 2 @S sl il s nl a5 wl aladle «5ise
oius el & 5 w s glrssl crge 5 sl 15l jgise JUS 55 U5 b i
ol ) e sl ons Ploradl 5 B Ol Sl s capd ol ke el ead bz (SB15S00
™) (Selozr J5Sge ) loxe jlaie Vo il e e 40,5 Cupndy 5 ilisee aylyd 4 aiy
kgm's™) K2asl Sl ) Ve sbomes 5 Glebre anpp Wi leSzsS e o
W gy ) Elgl jo 1) (68959 4o T S5 (lgs oo g o0l ralS Lo |, g_s""li-'l-.‘.uﬂ
o9 > 0 by 5wl S JSis i cailee calisee gla iy, g 08,5 (g o ygige
Sl crit Bl 13 Sl g 425 3550 1) (69959 L2

o aae  ff (fan face)

590 e JUB 6399 L

2550 Slop JUI (599,94 Ay Cead l
RRPWAE L

Sl orsg s

il asb T

Lol ol e

&8

[1] N. Horvath, Inlet Vortex Formation Under Crosswind Condition, M. S.
Thesis, Worcester Polytechnic Institute, Worcester, Massachusetts, 2013.

[2] C.Johns, The aircraft engine inlet vortex problem, , AIAA 2002-5894, AIAA's
Aircraft Technology, Integration, and Operations (ATI0), 2002.

[3] J. L. Colehour, B. W. Farquhar, Inlet vortex, Journal of Aircraft, VVol. 8, No.
1, pp 39-43, 1971.

[4] Shmilovich, Y. Yadlin, Flow control techniques for transport aircraft, AIAA
Journal, Vol. 49, No. 3, pp. 489-502, 2011.

[5] L. A.Rodert, B. F. Garrett, Ingestion of foreign objects into turbine engines
by vortices, National Advisory Committee for Aeronautics (NACA), Issue
3330 of Technical note, 1955.

[6] Y. Yadlin, A. Shmilovich, Simulation of vortex flows for airplanes in ground
operations, 44th AIAA Aerospace Sciences Meeting, Reno, Nevada, January
9-12, Vol. 56, 2006.

[7] W. H. Ho, H. Dumbleton, M. Jermy, Effect of upstream velocity gradient on
the formation of sink vortices in a jet engine test cell, Proceedings of the
International MultiConference of Engineers and Computer Scientists,
IMECS, Citeseer, Vol 2, pp. 1767-1772, Hong Kong, March 19-21, 2008.

[8] L. Trapp, R. D. Motta Girardi, Crosswind effects on engine inlets: The inlet
vortex, Journal of Aircraft, VVol. 47, No. 2, pp. 577-589, 2010.

[9] L. Trapp, R. Girardi, Evaluation of engine inlet vortices using CFD, 50th
AIAA Aerospace Sciences Meeting including the new horizons forum and
aerospace exposition 09 — 12 january 2012, Nashville, Tennessee, 2012.

[10] F. De Siervi, H. C. Viguier, E. M. Greitzer, C. S. Tan, Mechanisms of inlet-
vortex formation, Journal of Fluid Mechanics, Massachusetts Institute of
Technology, Cambridge, Vol. 124, pp 173-207, 1982.

[11] Kozakiewicz, M. Frant, Analysis of the gust impact on inlet vortex formation
of the fuselage-shielded inlet of an jet engine powered aircraft, Journal of
Theoretical and Applied Mechanics, Warsaw, Vol. 51, No. 4, pp. 993-1002,
2013.

[12] Kozakiewicz, M. Frant, Numerical analysis of the intake vortex formation in
the case of a double fuselage shielded inlet, Journal of Theoretical and
Applied Mechanics, Warsaw, Vol. 52, No. 3, pp. 757-766, 2014.

[13]J. P. Murphy, D. G. MacManus, Inlet ground vortex aerodynamics under

headwind conditions, Aerospace Science and Technology, Vol. 15, No. 3, pp.

207-215, 2011.
[14] J. Murphy, Intake Ground Vortex Aerodynamics, PhD Thesis, Department of
Mechanical Engineering, Cranfield University, Cranfield, 2008.

99

e S yg8 -7
ST oo gl €D,
(MM)gs 2ls Gamio b D
Jkg™) o5 S 6550 e
ON RO E
Jol =55 &b Fy
p9d o5 5 &b F,
JUS a4 e 3l alols «(IKG™) o3 LT
(MM) (e s B 5550 slgo §
Sns €8] S h*
(MM) (e o 51 U (535,9 azxio 35 5o alold H
R R e k
o9 (i (555 (SohS] Plovas]
¢l sae M
kgm's?) JS Lasgie JLid P
Jlyy sae Pr
kgm's?) 5 ¢ Silee (Sealis jLed q
G5 5 )il slaadlse Sij
S E 5 sl sloailse Sij
0Sles g A5 9l tij
(ms'l) i S ) S g Lo u;
MS™) by sy U
Ms™) s oo Glamio o Kilo U
A g e s S Uu-
s m2dle
kgmis™) Sslus o) n
J5 s cdl s ¢
kgmsHaasl e ) e
kgm®) (:Sles o, Sz p

6 oplos 17 093 1396 )9 piih (w30 SpilSo wiie


https://dorl.net/dor/20.1001.1.10275940.1396.17.6.47.7
https://mme.modares.ac.ir/article-15-9742-en.html

[ Downloaded from mme.modares.ac.ir on 2025-04-13 ]

[ DOR: 20.1001.1.10275940.1396.17.6.47.7 ]

ol 9 w9 pke dalac

09590 592290 I b b9 i 03 Lonled Jgige S Slod JUIS ) Giae) 43l 55l

engineering applications, AIAA Journal, Vol. 32, No. 8, pp. 1598-1605, 1994.

[19] M. R. Ansari, E. Salimi, B. Habibpour, P. Adibi, three dimensional
simulation of slug two-phase flow regime in a horizontal channel using vof
method, Faculty of Mechanical Engineering, Tarbiat Modares University,
Tehran, Iran, Vol. 14, No. 7, pp. 176-182, 2014, (in Persian ....,s)

[20] D. L. Motycka, W. A. Walter , G. L. Muller, An analytical and experimental
study of inlet ground vortices, 9th Propulsion Conference, Las Vegas,
Nevada, November 5-7, 1973.

6 o lasis 17 095 1396 ) g piuhs (w30 SuilSo wdiso

[15] D. E. Glenny, N. G. Pyestock, Ingestion of Debris into Intakes by Vortex
Action, 1* edition, HM Stationery Office, pp 1-50, 1970.

[16] N. Mishra, D. MacManus, J. Murphy, Intake ground vortex characteristics,
Proceedings of the Institution of Mechanical Engineers, Journal of
Aerospace Engineering, Vol. 226, No. 11, pp. 1387-1400, 2011.

[17]1D. C. Wilcox, Formulation of the kw turbulence model revisited, AIAA
Journal, Vol. 46, No. 11, pp. 2823-2838, 2008.

[18] F. R. Menter, Two-equation eddy-viscosity turbulence models for

100


https://dorl.net/dor/20.1001.1.10275940.1396.17.6.47.7
https://mme.modares.ac.ir/article-15-9742-en.html
http://www.tcpdf.org

