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Research on the accuracy improvement of the swirl motion simulation

in diesel engine
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Abstract: It is very important to simulate swirl motion accurately on combustion and emission research in
diesel engine. For saving simulation time, a sector model is usually used. The sector model is determined by
the nozzle number of the injector. Therefore, the air motion in the simulation is different from the actual
condition. The objective of this study is to optimize the settings of initial swirl rate and the a in the Bessel
function to improve the swirl motion simulation, and the optimized settings can also improve the simulation
accuracy of combustion and emission.

Key words: swirl rate, diesel engine, CFD, combustion, converge

1. 55

SEHHILET A e JAE 1R 55 P LAY DK Y VR 45 TR I, AT S M S LRI R AR . S )
PR B TR AL, (H2 2 3 BUNOX I THE[1]. Ak bt — 2w, e SPEEA
FHAREAL AT A LT3, i A2 R AR IR & AR HE I BRI B dmint L RE 92
BEAR NOX [IHEC, (EASH 8 & I AR AR B AR [2] o X T B eI R e AR be == 454 »
AAE A IR R L[] -

1 TS A LIL YRR KR s, RT AR I il s FLAR 70 22— R TRl AR R AR 5 B At N AR T
I P AR 2 A FE 8 SRR Rl AR TR FR) 07 AORAT 4 TSI 18] [1-6] o (ELZ X T ) (AR R i AR UL G J5E
R FEAR D o A SCE I R BT AG T EL A RN AT it NI PE R BE PR R 1 B2 i S& I LT P bt i B A
RS EE )T 1

2. THEBR

2. 1 BT R SR AL S AR S H
PITE EL B T v SN LR 1 s R G, R ERARSHIE 1.



2017 4 IDAJ-China FH B304

1 SR EEEARSH

BARZH E{=LaN
HL4%/mm 112
ATH%/mm 145
&4 Lt 17.0
L EL 1.37

2.2 THE M
AT R T8 E Converge HEATSEIMALIES . ARSI 5T,  Converge SR A Hi&E MW
1%, PIsSEEE R 2 fiR.

*®2: MEEE
B W
I KA RS (X m X m) 0. 004X 0. 004X 0. 004
B ME 1
M o s i 4 3
W 10 2% [X /N ELAZ (m) 0. 0005
W 5 X K ELA% () 0. 003
MG I8 35 [X 4 BE (m) 0. 02
PR A% 2 EFR 3000000

2. 3 VFEARE R L kA

ABFFM G K RNG k—e B ZBIAURIE T Mgt HoR: ERAHEE
(renormalization group theory) . TEMIN LSkt k—¢ BAIAHMLL, 1HJE RNG k- ¢ FERIN VG
G I ol = R = Mo e G P Rl G =

Himshae iz 772N

it oo —PE+Ss
ot X, ' ox;  ox; Pr o, (1
HFEHR A TN -
a(p8)+a(mi8)=i ia_g —Cg3,06‘%+ Cgl%rij_cgng—l_csss E
ot OX; OX; | Pr, 0X; oX; OX; k
_ CPl-nln,) e
L pn®) K 2
X,
k
n=—5

& (3



2017 4 IDAJ-China FH B304

1| od,  oU,

i =5 2o T ae

2| OX;  OX

4
Forr, Ss By, SHAKWE 3 Fia
2% 3 RNG k— ¢ AT R%E

C P 1/Pr, | 1/Pr, C,q C,, C,s p Mo C, Cps
0. 0845 1. 39 1. 39 1.42 1.68 -1 0.012 4. 38 0] 0.03

PR ] KH-ACT #ERY, AL AR KH AR EAE O k. KH-ACT #EA =58 1 4

EN N AR WA 2 . IR R ] KH-RT A7, BIZE R TR K Lo fypm

A

B, R TS RT MBI, MBS, F%E KH B NREAE. o
Hi R (A5 H

| p
Ly = Cpy |=-d,
P (5

do

Coppmmekcrrng, O rmkans, P ek, Qg

Sl

Hrp, fLEAE,

A

WA RR ] VA A 2 S N HLEE, LS NEHUEEOR E SCHR[7]. FIEBRSE (CTH16) RACE St
TR S SN, OB A4 41 R 73 M1 124 ASFE TR N

TR Al A 2R A 158 R NTC (No Time Counter)#544[8], HH Schmidt $2 . 288 B HE S5 T B8
PR i FEAS MR, 2 H TR R AR, HERA T e A [8] e Al BEARIRY SR FHY B T ot A2
B, R E AR A —FR S R E DT, RER R R B Bk, HeAd v SR R A
. BEBAKH extended Zel’dovich mechanism, BRI K H Hiroyasu-NSC Model

THECR M e A (A w1 () Fos, RARFEASEEME 1 (b Fix, &g
THE—NEEIE, WA 290° CA JHIATHE 3 485° CA, H4g Bk i’y 360° CA. 214
R R LB 2 MBI B, IR BRI T A A 4 R i i LU AR R A0k o 7 AR ) 3 3t B AE T
G BB N R BN A SURTEL,  BIVGE RS & 15 2 (1K) IR EL .



2017 4 IDAJ-China FH B304

y

(a) i (b) ALty
K1 TR

3. ZREI®

3.1 &M SRR TS R YT

NI AN A RE, ARG T, SRR AR X 5], 2 HI7E A100. A25. C100 T
DURHHAT TR . B 2 R=ATHUT, AREAURI ] AR TS5 H 1R i 3t LU B it b £ 10 A8 4K
AL AR AR TR I LV B R4 SR EE 1.37. ATDLE Y, AEAREEEAT, b A -5
WM—HEOK. TmE e, BB R L R AT R 5 AR R T S s SR AR .
TR IE 5 HEFBCAE R T 1) 25 £, T EEORAE W I 2 BT I L N SRS s S e . Rk, R4
b AHT 15CTA BIFT 5TA iRt EEBCPIE TR LG, AR SCZ 5 BRI Eoxs Ee 3R X P72
A100. A25. C100 T, fajfAsy 5 axAsi Rl i) 251 53 7l /& 14.56%. 10.03%. 7.01%.

2 [ - AT 2 [ - ﬁ*ﬁﬂ
1.8 —— 1.8 o
1.6 - 1.6 ot
S14 27 1.4 == "
o - ~._ e - - -
212 77 b 212 AN
E\E,. 1 N N E\E 1 S~ -
0.8 Se o “T0.8 -
06 Il Il Il Il Il 0 6
290 310 330 350 370 390 410 290 310 330 350 370 390 410
Mk fl ° CA ML F/ ° CA
a) Al100 (b) A25
2 - - apn
1.8 .
e LR
1.6 27N
§L4 ----- - N
1.2 AN
o1 S~
0.8 !
290 310 330 350 370 390 410
M f/ ° CA
(C) C100

K2 ARIHR, PIMER R L X b

Kl 3 & AL100 UL R, ST E— R BT - v] DU H A AR Y 43 15 3 T 5 A i T ) —
TE R ZER o BRI AR R ST T RE YR EE A /N . A5 A C100 LI A4 RS A100 LA AR



2017 4 IDAJ-China FH B304

UUSE IR 7 RERENS BT A 4t S LRL N FROIEE B3y 5 R [9],  He b i o W] LA B AN [ Fr) 3 2 3 1
WP 4 s B4 R FOR BV IER B 5 UL E AR B, 2 o MRS, SBONAIELE), R
PR rh BRI R s 2 a Dy .83 I, BTEERUIENE . IXKE, AT o AT DLE AR R
Y 5 R R LI L. Z5 BRI, RIS B A AR S R A U B B OK,  [RII I I A AT 2 A
.,

a) SR (b) faifLAs A
B3 A100 T, L PN 3 3

2600 T T T 3]; T ™ T g T Jv=ests
L a=3. 2
00 (Ve=2339) :
2200 |- - .
7 SWIRL = 3.0 i e
% 2000 |- |RPM = 1600 1
& W00 D 1
, 100 2 i
= Lo
8 “oo %sfy- "
o 1200 | e V=194
> L
- 1000 d 1
<
£ 800 e .
2 00 " a=3.83 ~— 4
2 & (Vim=762) ~
<< ®
400 | y e \\ -
~ A
200 V4 ~
0- i 1 1 1 1 i L i i v=0.90
0.0 01 02 0.3 04 05 06 07 08 0.9 10
7R

K 4 DIzE/RhZR[9]

3. 2 AL RLIR SR LLAB IE

XA FEIRT AR R AL ELAE AN o (B T 5% 5 R R R HEAT R L, e 280 52 e i B B TR0
FEAREEE T, AIhaisi LLAE A R ZhHLIeR ELA% SUE R 0.9 1%, o 2. i oL, WG thiE
NREBRTEE A AE, o 9 2. tHRERAIE 5 fis. ATLVE L B1E)E Rttt fh £ 5 R 1)
THEEAE RN, JCHEAE M 2B

2 — i 2 - s
e LB
18+ ool 1.8 - MR HEE
16 P — 1.6 25T
514 -~ . \14 _,__—-”’ \.
uny L e o =~ N S, ETS - - N
1.2 N =1.2 <
K 1 r Mo~ 5 1 \'\
S SO -, -, Eg \“'-uﬁ
08 r Se~a 0.8
06 1 1 1 1 1 1 0.6 L L 1 L L 1
290 310 330 350 370 390 410 290 310 330 350 %70 390 410
il B f/ ° CA il M/ ° CA




2017 4 IDAJ-China FH B304

R A4 B IR R it LU G R (X L, L FR ey ik 2 B o it b2 IR 4 b 1B )T 15<CA EIHT 5CTA
(Rrdpaim LR P35 . RT A HVAE L 5 A Ml I 22 B (b LL T SRS EE A W (K4 7. 11 6 2 itk
WRRZIEJE AL100 TOLHIRL A TR #I T, rTUVEHE 6 5 3 (a) M . il ix b

(a) A100 (h) A25
2 r T
Lg k - TR B ]
’ 4 S\ = - me i
| 1.6 1 7 \
/'/ \\
Sl == A
el f pIR
Bt SIS
0.8 : :
290 310 330 350 370 390 410
Mm%/ © CA

(C) C100

K5 ZIERAFETOL N, PSR i tooxt LE

BIET5%, B IS B R IR ST (e OV B T L RS P38 A RS

4 BIEATE IR U RS EEX B

T WL E | WM ZI TR | RRRE | IRARE
LAY 1. 54 -
A100 SRR LG 1 B 1.77 14. 56% 12. 99%
Hrimm i B 1. 57 1. 57%
xRt 1. 60 -
A25 Ji it b s 1.76 10. 03% 7. 49%
ikt B 1. 56 -2. 54%
xRt 1. 66 -
€100 Ji it b s 1.78 7.01% 3. 15%
HimL L E 1.73 3. 86%

K6 1&1E)5 A100 Lo, &L %




2017 4 IDAJ-China FH B304

3. 3 TR RLRYL LB TEX MR BEAN NOx HE RIS .
RS E IR LRSS A TFER NOX HERGEE B, W 5 Fis. ATLLE, WIREHAZIE
JE I FER ML, /NT 19%; X NOX HERGEMIECK, 45 B NOX LR E 5% 72 47 -

* 5 A RUE IEXHHAEA NOx (520

T W E T | WFEIRZE | NOx %
AL00 JiR it bl 5 -0. 15% 6. 00%
Brimim L & 0. 09% 0. 82%
A5 JRIR I L B E -0. 05% 11. 25%
Hrimim & 0.41% 7. 64%
100 Ji it bl 1 -0. 08% 12. 33%
Brimim b B 0. 64% 6. 24%

4 G

AT T 2 S WL S IR TR OLRE B 10 7325 BRI e AEAR G T, WIURIRR LB N &
ML Ee A SUE ) 0.9 %, a2, M LIl WIGIRIHE N K BPLIRR 4 U, a2 2.
KPR B VAR S A Lo R R I LR FE A 1T, PRI ST ER . 7%, [FINIEReEE S
NOX G E 5%/ A .

27530k

(1] R &, REA,, FREME IRFRMG. FHIFIE KSR AR A TR R AR IR HEAL A9 BAB 9 7.

MEpeALFE BHAR, 2014 (6): 489-496.

[2] # K, #6&3E. AR RBA NOx HER 49 F 6.
(4): 66-69.

(3] k%%, EAMMBAHKEERAMRBEE

2010 (1): 48-51.

[4] N. A. Henein et al..Effect of Injection Pressure and Swirl Motion onDiesel Engine—out

Emissions in Conventionaland Advanced Combustion Regimes. SAE, 2006-01-0076

[5] Taewon Lee, Rolf D. Reitz. The Effects of Split Injection and Swirl on a HSDI Diesel

Engine Equipped with a Common Rail Injection System. SAE, 2003-01-0349.

[6] Pai-Hsiu Lu et al..Combustion Visualization of DI Diesel Spray Combustion inside a

Smal |-Bore Cylinder under different EGR and Swir|l Ratios.SAE, 2001-01-2005.

[7]1 %324 . Ak (PRF) A& LA (TRF) WL R ) /) S5 BAEAR AT 5 [0 L.
Ki%E: KERIKF, 2013

[8] Schmidt, D. P.

Computational Physics, Vol. 164, p.62, 2000.

[9] Amsden et al..KIVA-I1: A Computer Program for Chemical lyReactive Flows with Sprays

Nasa Sti/recon Technical Report N. 1989

IAAMERF TR (A AFFm) ), 2007

89 L5 A A XTSRRI MHER B . R EN A K E,

and Rutland, C. J.. A New Droplet Collision Algorithm. Journal of



