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A Study on the Optimum Design of Resonance Intake System
for 4 Cylinder Diesel Engines
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Abstract

In this paper, effects of resonator within intake manifold system on volumetric efficiency were
investigated in the 4 — cylinder and 4 stroke Diesel Engines. The effects of resonator system were
analyzed on resonant speed and on volumetric efficiency. Resonant speed was calculated by acous-
tic theory and volumetric efficiency by the method of characteristics. As the results, good correla-
tions among inlet pressure, natural frequency and volumetric efficiency for a complicated intake
system with resonator, was confirmed. And the optimum design method of the resonant system

which had the overall high and flat characteristic of volumetric efficiency was proposed.
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Fig. 1 Models of each intake system
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e

2R3 AET we} AT & F/ A
B3e Fig. 823H ¢ 4 ook ®3, 29

Ha AL T A EEFTI} witol 2}
7] o] g FI1A AAY 43 T3 A
Exd M FANA FHELGN} e S E 5 U
agez dage viud = Azld FHINE F
a3te) mhe} 29 7) 2Y AT 2A e, o
oA e} & Pool]l FH/NE st B FET
FHIAEE o9 AL MA R &0
AA Aatsid, 3R AEE7 &G G EA

£2 g9t aA JeldE ¢ Aok a2y
o] A%+ FWII7t A2E ZA Ha 2 Adint
t} 29717 "Ry wie A FHEe A

Noo
H-‘;

ol
ol 4

Aead e Aoz Aza,
Fig 9% 242l FRAAHEAN FBE
e} 2o ANE H

B Ao, gaa A
of 3 Uk &, 21}:-3— 34
HE ol 4 F U Y & Utk wEtA # Pedl
THNE Faste At AT ﬂﬂa
n23te 22t FHI AL
Ro] upgA stk A Zhdch
ol e AEANZRE TS o] &HEH
5z A5Ed FHIAESTAM A A&
7Vete RS Bolaych £3] AAd e A
NgrE gHzie] FHAIH Y A FEeta,
g7 3R A&z HHAE e T
78 B gk ARG AHEE O 7
oA AL & £/ UAUTH £3, FHIHAASE

EroME FHE

do ofx

0.98

—a—V=2,000 D=15 L=900 n,=2,000(2nq)
096 o --e--y=3000 D=1.5 L=30.0 n =3,000(2na)
<oA= Y=1,000 D=15 L=30.0 n,=5,000(2nd)
0.94 - ey y=2,000 D=25 L7300 ny=6,000(20t)
—0— Without Resonator

0,924
0.90+ e
0.88 e
0.84
0.82-
0.80+ et
0.78

Volumetric eff. (%)

T f T v v v
1000 1500 2000 2500 3000 3500 4000
Engine speed (rpm)

Fig. 9 Calculated results of volumetric efficiency
by resonator

olvzl FH/1E L A F71A 9 Fx3
cAlME AAEE] S/ EAHUST F,
ot wj g 7t7h-E R EA St # Pedl
A g PSRN FH7] 9
ol A VA TIPSR Y AA I
S Fo] FEIAE=AN AR REL T8,
T3 F2IAEET} EAste AFEAMNE
AT A 5ge] F7HEE 2 AU &, o
A5 AAFNE neiste 1Y &7] A
Fol & Hargivtn HztE

fin}

ofl mx X Mg
o oI 2
H*

N
mlm

4. 3HII9 /X[ GE I

AFNA Y AEAFZTE 4402 B4 dd
gazi e oA F971e #HaARE o] 83}
W AHEES FIAAD F don, 53] ddrig
233t 7S FAsd 979 $HAEY
7t 2A vdebd & #datgth =3 371 E F7
A 7 H9el §-2 AT ooj At # Pool
W78 FEsE AE 3 59N 3R
#H7b 2A dehd 2 Gl e A A& A
g9 S sttt 22v FB7E F71A
Ragto] wet d FIA F2IAESE W E
Fol ol gtide] He F2IAASEI @S
B2 ARESEINE FHAFL #A o3}
o 2t A 28 FdsAch meks AdA A
£ A3E 71X 2 RAME F714 4 B9 3
W7 8 Fista] RAME F71 AN A4 & &0

(840)



440 gAZId 35 1A AR A B a7 113
0.96 0.96
1 —=—V=1.300 D=5.0 L=714 n 22500 AC
0.94o e ATVRQ0DBOLIII n 2150 AC 0.944 --@--VE3000 D=30 L=102 n ,22500: %Py e
<-@--V=1.500 D=40 L=1016 n ,=1.500: & Po e Vet D1 L300 n 228000 ¥ Pe
A VE3000 0915 L3300 0 150020 BPe 0924+ . g~ Withoul Resondlor L

0924 - g~ Without Resonator
090_ PP ,A.......,i

086y

Volumetric eff. (%)

0.84+

0824~

' : Vi
2 2 232 3

0.80

1000 1500 2000 2500 3000 3500 4000
Engine speed (rpm)

Fig. 10 Calculated results of volumetric efficiency
for low speed

,500 rpm, 2,500 rpm< 9o A 2} A A

e1
ESYNS .E,E;ra %—%‘ 7] AH B E vfot

Fig. 1oJJr Fig. 11 RAM% &7)A 9] 7z} 139]
(el =2 |, & P, ¥ Pool] 23 AEE 1,500
rpm, 2,500 rpme] FE7] & H23to] A 23 A
HEEFMor) wat FH7] Hato opg A F7)

A gxgAEEE 4 el 1 Qi) Fig. 10&
5t & 4 U= vk} o] olo) m Yol g7
& FFEA S w) THES} A4 e Qi
a2y FHAEE 0|9 HHEG e B
el F71A ] MHEERT WolA S & 4 3l
E3F # Peol A Poll= 1Ahe] FHIMAEENOE
oslg 2ate] g AL FHAAI AA
Yehvtbes 23S £ # At adeg Jdagg 9
Adted TENE RRSFEE YA} &
HollA A vtebta gl Fig 1164 & &
ZNAY AHEETHLE FE) FHIASEE
2,500 rpmof| A FE g7}t Jehda glen, &
8l Ao 2% # Peo] AL FHAEAS) M
AA vdehda gk ey g siAs s o) 9o
slAE T A& o)A |9} & Poolle]l F9 7]
B-Zol| #A glo] MAAEo] RolA = AL & &
Utk E3 A AS 25 3] FEIAEE ¥
gt ol FxIAEEANA AHEEY F17}
vehta Q= S B ot sl

ol e AEANZHE] 4383 tjAdr)#o] 39

J1~>

Volumetric eff. (%)

T T T T T T T T T T L T
1000 1500 2000 2500 3000 3500 4000
Engine speed (rpm)

Fig. 11 Calculated results of volumetric efficiency
for high speed

718 HEeled g aRo) o3 =2 MHELES
da 47 AsiM e ddde A" E # Peoll B
8718 FAstdof g o $7) AATH T, A
Ao ALESE WA godA Ped AFE
E54E AV HalM e APt e da "ol o
ofZzly F & Pool] I E B el TH A
9 FNA FRIHEE RES o] L3} &
& 7+ ATk

ags, 712 F71A e EAddA AR &) A
et YHNE FHINE ol H3ld FAANA
2 & A tole e 2ol F9E AxEe A
ol uigA sttt AYztEnh &, &g B4
AAA AN 2L & A Sl oo} A T )
£ F-2she o] A sin, 1&g g 54 &
MR AL & 7 $oll= AAT 9 AHe AP
of ##dhe Aol wpga sl ey @ Peol R
2 AP 2ate] FHIALEEE o] $8te Ao
uhgh| ahe, g v] X o] wE FzhAabe] A ekl
SR b =

449 495 dAs wel FAANN Y]
ol 538 AT Asted Sgole e aA
edd Z2adg o4 2N UYE Fajol
Y719 Aol detd AAEESA O vA &
JFS $HAUD, 371E o &3 F71A9 4

e



114

MEMAAWE L, B22% B 6¥, 1998

AMA Ea 397 HH FAAANE HESA
o} B A7 ARE g %sd &1 2t

1.

dazie] AHEEL VA THE
Fasid, guvle] FRIAAEEAN F7}
s, 39719 3P AE=s FIA AA
o] Bx2IAETE nejFo N utEAT
FAE AAS F Y& FUdT
7S ol & FIIA A oA
# Pooll 3RS FAE A5 719 T8
AA&E L 3ol 8o T FxIHALE
e AR SHYER F dA T
b R7E ol 8 FV1A 9 AAA =
AGAGIA Sapol 8ol o & HAA A
W3 #97le FRHASEE ol B3t A
Ao AL ARA LR o5 T F A
4499 FAAN NG o8B AT »
92 o] HE FHABES Qs Tt
Zth.
SEEEBEE RS PER LU R
o £4E PHND + drh
@ BPo] 3B/ 8 2 AW 599
(2,500 rpm~3,000 rpm) S & LA
4 4 9ok
() AT AWE B Peo] 2HFH 3 -
1599 549& &3 F oloh
AU Qe & Peoll FF71E F2E 7
$£ 229 T ALEEE o] &3ty Ao
v g2 st
2% A4 NBel FNAA FRNE A
o FREIA) HE B AT ARE Faa
2} 3o}

10.

11

(842)

. G. Cser, “Double resonance system -

i2a]

rat

s

WK, TR - HEEE o SRR AR Vol. 10,
No.108, pp.93~ 100, 1971.

HAT, YA #® F71 crlie] HALA A B
N2A7" a2 er B 32, A 143, A45,
pp.72~80, 1990.

274, 449 AN # F71A e AR AN
o B3 A" FFAFAFEAEA, A 5¥ 53,
1997. 9.

AR, IREE BRI LB WA s 54 —
BRGSO T AL, A AR R B
478 47, 1987. 6.

a new way
to improve the lowspeed operation of super-
charged engine”, Proc. I. Mech. E., C405/013,
pp.51~57.

A.Ohata & Y. Ishida, “Dynamic Inlet Pressure
and Volumetric Efficiency of Four Cycle Four
Cylinder Engine” SAE Paper No. 820407, 1983.

. Y. Shimamoto et al, “An Attempt to Improve the

Characteristics of Volumetric Efficiency by a
Resonator in Four Cycle Diesel Engines’ JSME
Vol 52, No. 478, 1986.

o1, “FHIIE o183 471% SIZ| Y AAA
& go B A7, FFRFAT = A
47 33, 1996.

HAA 9 29, “EFIAL A ol 2N d3A
2o 71w, 3o, 8 2 HERIFE G
%23, pp.5~10, 1993.

RE b, "TREABIIER 0 FEAHR # 5
MR AR v v Ao v s BEATHRBE),
1985.

HANA, & - wZ1ASS 28 439% dAr|#e
AedE NEHN Taade] AL It
71 %% g3)%] 2] 139 3%, 1989, 8.



443 JA71 T 39 1A LA Bd AT 115

X X oA N

B2 GHER)

197044 48l 1994 EH=s{UCSn 7|
LIEUFEY. 1998, siRsHUYHED ciE
# 71238 MAlRYS+R. 1998 ~ 8
oj=MS S

2 (W)

196214 784, 198541 BHRafeicieta 7|
HET FY. 1991, SBsHUTHED of
33 7B MATYSE, 1974 ~H
X EH2sieoiste 7B uATHY

M (RER)

1952c1 584 1974 BHIsHcste 7|
BBAUFY. 1976, FIHUSD che
# WY MAIYSE, 1986 2
Achst Cigtel JIABET YAUYSE,
1974, ~BXY ETHYHSD 7(BAIAHT

a2 o4

(843)



