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Comparing between 1D & 3D flow analysis in the on-engine
small turbocharger experimentally and numerically
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Abstract- Possibilities and limitations of 1D and 3D flow simulations in the vaneless turbocharger turbine of a 1.7 liter
Sl engine are presented experimentally and numerically. A test setup of the turbocharged engine on dynamometer is
prepared to validate the results of numerical modeling. Various performance parameters are measured at 12 different
engine speeds and the results of measurement in 3 different engine speeds are presented in this report. The complete
form of the volute and rotor vanes is modeled. An extensive study on the number of meshes has been undertaken to
ensure the independency to meshes. The modeling of rotating wheel is considered by Multiple Rotating Frames (MRF)
technique. Finally, the variations of turbine performance parameters are studied under different pulse frequencies of the
engine. The results show that at high engine speeds a 3D unsteady flow simulation is required to get reasonably
accurate results. The results presented in current report will be used in simulating three dimensional steady and
unsteady compressible flow within the turbine of the turbocharger.
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4. RNG K-¢
5. Multiple Rotating Frames (MRF)

\id

dodde — )
5L0995 e g JBI0 LLL ganSh bz sileans
Sz baals 5ol s sl Jlow &S5 > Sl
@ lize slaceond ;o LB cpl 5l 69,l90 5 jLid o &35
Gt ;500 Gy b ) i Sl g oaalie i3
9y 3 ol @l o5l (650 Ll sl (gaman
S o ably yo ol S8 eolaiwl o500 gl o ) (GO0
S|y gy 99 cnl 5l oS 5 plise 9el )8 (s20e Gaiow
8l caws olozel BB ¢ 380 mls 4oy,

B o5ee 5l e Sleg ol 2o )5 Ms8 ey
750 Olie oS Gattie jolaie dy (crowg SliESS WS (o
IV gl Sl g oty sl oas plowl (oudly b,z ol
vy LT ey 5 Jmo Y] L San 5 ¥l
5 okl i 5 (015,08 5 sSogls ] Lo

.. o

LLU G ol 65y smmy (o2iale] o)l [#]n
Az Slasels lis g wisls plol Galizes (glay5,Ligs o5 (sl
e Ol dn Cumd )5)LA5505 (s ey (ST e
Lol ol Ll by oboadly 51 2o b 2aS Wl oo g ans
FeS Ll ol ST LLL Gl sz sl ST pleal; lawgie
Sy sle,gige (ogaz 0 Sladss ool Cdél oy valys
Lol Sligzrs g o plosl (639,559 b S50 loygige ofasey
Jolis g 09 dgummo 4880 4o jg0 Vv oo
J=do 4 Sa 68 il Glo,gige ;0 0l e (o0s oS
99 y9° AR l_)) YL: )L:.m.j 6L®)5Q5 é).g)ls &9 039d0
el 558l S g Jeduzn (b 0l 2 SlST (55509
$908 5 o1 kne) 0 ool azg B sl lS Sl Sy
S35 LagT ocul ass piy & g0 (V] oS 5 of Lawgs
Lb ol 90 50 Guysh Hlid Cand OS] a> 5145 wis S
Oleasly Oless Ll oy oo duo 0 Colid 390 4 LLL
5o Lol o Liel LB g 00 (a0 )0 90 9905) 15 Loy
ol 5o Olessly 5993k e L8 Sl > e
ol [M]pg ytle Lags (6,508 oo S o 0l | L

1. Steady
2. Unsteady
3. Instantaneous
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1. Source of Momentum
2. Kronecker Delta

3. Rothalpy

4, Wall Function
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1. Segregated
2. Coupled
3. Accelerator Parameter
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1. Tetrahedral
2. Mesh Adaption
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1. Piezo-resistive Element
2. Eddy Current
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4. Reduced Mass Flow Rate
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1. Parallel Processing
2. Local Parallel Processing
3. Distributed Parallel Processing
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1. Discrete Operating Points

AY

ofoVE

e L gl 4t

f=AT

ofare

oferh

(res " Kopa) $909 51 wipd

et ]

ofes¥
. 3 T oy £ & ¥
alBo,0,575a,n0 MY

Sl iloand lp Gmys (59359 (20 amlie VS

053] 5 A 5 GanS,

Yo T S gl 4
Fo
Fe
o
A+

Fo

(duzy3) OL“""H)

I T T
A8 30 55750590 XYeee

0303l 9 S 5 Gan Sy

Ll gumdw ol gileans -F-A

OO s ) Al 0 Fetee LLU e (siluand o
259,88 GBS e Jawgs a5 Canl (g8 daduin ot
Sledel Cwdds L oyl > o la e ol 09 o 81|
U Cmd )5Llen,65 e A (69955 Ol &S Jl> o
30 . Cemwbbb dLLS L o SO g LS;M]jCAé) oS >
Aoy Slo coin g 009 Sgaome (5 S ojlail Ll sl (eud
o b elose b Lhad by )0 eoliiul cy
QT Gomdw gilwa s glaco e 3l SO .MTGA Cawddy
1) Oyy9 dmasine  ovie Q] ookl b oles co a8 el
2355 oy So3l S g poles slagyge;l 4 5l (e


www.SID.ir

WA e I 5,Leds qoma3l 8,90

irde SlSe (owiige

LYerr 990 Caopm Jolao) uysh (She slojgo o @
o=l o0, Sles éélyjpzﬁ)o)ssyaf(dﬁéo 30 590 B e
Gilwad ¢ Baisle coie Gy OIS S o )15 o g0
L ol sl o (oo 30 50 058 o0 0L (gamds
g sa 4N (y903T g (53l Jolaie
593 00 e 5l YL jeSge Sae s Jolae ) Vb (sl p3 e
S8 yeise Lol o Sles aals jo S 4 S (4B o
> A4S Wigd oo SUSH pp 4 b Souie Iodome (XS e
gl A Lol Jole ploie ay Wlgs oo (a8
i 30 aS Conl (pl o gz (pl plod ;o Soge 4S5 @
Silwad 5 QWL (goxie 93 9 (y90j] Slageuly )90
oplonl glasilejl sz i ls SET ol oo b (somau
g o0 plol joige (59, iua (s S lp i (pl (o
GlSame 6 azgi b g ool b ye8 4 63959 OL >
)lS_;;;—l )L ‘l_:ooj_aﬂ Loy gilwas 5 gjldow
Dedh g HPge 4 (63959 (b Oopel o Wlg e
ol Gamaw gilwans ol bl ol 5l liedsl sl
Al 0 a5 2ol b il o ey (0950 GLG
Sy sanlie gamdw by gileand @l 5SS
adlie (ol 55 563 o el )55Llhg 08 J2Io Gl i
JH Ll goman by Judod el 5500665 G )98 (59,
oloyz ol 5 Stz YY B Yo elo S cashons ool ]
ey gl o Ve IS 50 s colid |y g8 S0
WD oo 0dnline aSSlix .Cawliond ool Lid puyes Sl
o S slalog jleslasd s 5l Gl gs P s
S5 )8 S JLs glad b @ g ansS ) 3l coos
50 aals )3 slonl ;o odle a8 wiS o ¢;5)>Y~_é)13\ Az,
Ol Aoy jo i wl Jome a5 C3,5 asel lgi oo Eg0xe
9y HLdd g jgf Abged Gygo 4 YV 5 VY sl i
2l pogas 0 e o s |y ol soop 9 oy B3l
Ol s 35 0w g g s m3g8 glo dae oo ulai b il )l
Sl plxil (65885 (o oy (gamans (gilwand Lo

2. Waste Gate
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1. Turbo Lag
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Velocity
Vector 1
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Pressure
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