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Prediction of Splitting Airfoils Horizontal Spacing Effects on Loss Distribution in an
Array Distortion Generator Based on Comparison of RANS, URANS and DES

B. Mehrdad?, M. Hassani?, D. Manshdi Mojtaba®
! Assoc. Prof., Mech. Eng., Malek-Ashtar Univ., Shahin-shahr, Esfahan, Iran.
2 Ph.D. Student, Mech. Eng., Malek-Ashtar Univ., Shahin-shahr, Esfahan, Iran.
® prof., Mech. Eng., Malek-Ashtar Univ., Shahin-shahr, Esfahan, Iran.

Abstract

The ability to reproduce a given distribution of total pressure loss by horizontal arrangement of splitting airfoils
has been evaluated numerically in this research. This array arrangement is a proposal design for a new
distortion generator mechanism. Due to significant differences between steady-state simulation based on
RANS turbulence models and reference experimental test results, unsteady simulation was performed with
vortex shedding frequency- proportional time step. The 90-degree airfoil reference test measurements show
that maximum loss zones from primary downstream stations to fully developed wake region switch from
vertical placement to horizontal; this distinctive feature was not seen in the unsteady RANS results. Detailed
simulation of downstream turbulent mixing based on DDES hybrid model, predicts above switching well. The
repeatability studies of single splitting airfoil loss pattern in airfoils horizontal arrangement combined pattern,
led to necessity of 90-degree airfoil downstream flow structure correction that is a destructive factor of pattern
predictability. This correction can be achieved by changing the airfoil aspect ratio.

Keywords: Splitting Airfoil; Distortion Generator; Detached Eddy Simulation.
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A Eddy's experiments, 90 single[13]
———o—— present simulation, Mesh #1 (4.7 M cells)
——a—— present simulation, Mesh #2 (9.5 M cells})
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r A Eddy's experiments , 60 single[13]
‘E‘120 C (@] Eddy's experiments , 90 single[13]
£ L Present numerical simulation, 30 single
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C n] Eddy's experiments , 30 single[13]
1.6 A Eddy's experiments , 60 single[13]
C Q Eddy's experiments , 90 single[13]
C Present numerical simulation, 30 single
14 N . N N
n Present numerical simulation, 60 single
F \ Present numerical simulation, 90 single
1.2F
£ r (@) S
=
s 10O
1.0 R
© E '
> 08 &
E') E a4
05— B
0.4: : : : : :
g ol
02F s
I I R I A ISR O I M A R

54 762 127 1778 2286 279.4
Downstream distance (mm)

3302 381

Gl ol joCp wSTas pwoldo -4 JSCi
S yiio 095 duw (gl

G5 g ond e 0p e cod ke a4l Fe g
oS cils axg Wb e oo las AR<DL oolgls 51 jlese
Sliee b Alis (Fodbanns Wl 5 Cop Sl e
oitane LU, alss cosgame 4y ol3T by 5l Jlow S48
395 ol o,lS 5l Gl ad esgydl L [YY] o)l
B o) Azl 4 05,5 o wais Alis 4l 4 Jlw
» "\‘“’L’@ AR<1 oolle' 6[&&95))‘ A S g;,dl)&\.xwy
- oS Ban b sy slocer anllhe ;o sen b, slise
P s e pelie l bedlis 681 anlie o5l
50 alold . [YA] ol ooy oolictasl (V) alal, b allis Joles
8l 4l 5l 0ns )38 (goges by 28 s (g5, dllis jl alass



oui 1 (S Laats 1 (5 Judunis 9 300940y Silo ) (oaKile SO y 1 (id Y 23 395 (59 453 93 (SUB e 98  (HB dlols i (it | YIA

sleenYopl bz L8, s, bsdnl alolb S i
4 S (ALK e pu X adlge Slaye (Sl Ay,
O Ay ke (6508 IS oo 5 "t 5T Sl e oo
alle col By sloay Gomdet)d Casdae Sl oS
Ar s Ly oSSy S USE aasie Job el oud
w&u.:.)b 59 dddon u:ms Condge U dwain jgome alold
5 Y] ol asdly yiol33l b fgd ol o alold 2ol330 b
G985 s B3| p el (65500 a0l 055 el ool oY
Gl o higdpl G aloll b (oS5 gallis (Sdbasuss
alold aw lp oS5 dlis p8 anlie 3l VY USS
S rSams yob nl lgi co (6 50 e VAIHD g VYIY FITD
$o3me €65 51 doigbpl r alold Gl b S ogas
S0 4 09 e 00938l o] 88l SuisS 4 g anwls alss
88 FouiS i Voo led oS! jo oS 5 allis a5
OB L el odle Ll o Koo alols g0 4 cans |
Sl 4ol oy (Sibbanagi B9 5l Co g alols
el oals 00938 JLL oyl yo (cp=0.29) aii
30 ST Cp aS o9 ge odmlin SO opl jo pioren
3,50 (b il oals bloze Yo g8l Cuons a0 V ol
Jole sl (asuiie zgdg 4 @2 VY JSL 0P slacn Vg3l 5
G 3l Al b 4y ol31 by 51 Jlow yiin 3985 jal oyl
ik €589 Ol el 9 (3, 98> Yo a45) A+ hhgdpl o]

oliss Famy o7 50 9 b PSS pes

18 A Eddy's Experiments, wedge distance 6.35 mm

Present numerical simulation, wedges distance 6.35 mm
Present numerical simulation, wedges distance 12.7 mm
1.6 | == == == Present numerical simulation, wedges distance 19.05 mm

Present numerical simulation, 90standard
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E' —-—-—- Present numerical simulation, 90 standard single
E 120 | —®—— Present numerical simulation, wedges distance 6.35 mm
— ——A—— Present numerical simulation, wedges distance 12.7 mm
é ——&—— Present numerical simulation, wedges distance 19,05 mm
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