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A Study on the Improvement of Volumetric Efficiency
by the Resonators for the 4-Cylinder SI Engines.

ABSTRACT

In this study, the simulation program for the prediction of volumetric efficiency of the internal
combustion engine by the resonator has been developed, when the resonator is mounted on the in-
take system of 4-cycle SI engines for the improvement of volumetric efficiency. The experimental
work has also been carried out for the verification of the program, and it is found that the result
of calculation by the simulation program fits qualitatively well with that of experiment. To get the
optimal mounting position of resonator on the intake system, the influence of the variation of di-
mensions of resonator such as neck length, volume and neck diameter were examined by the nu-
merical calculation of the program in advance and the results were compared with the experi-
ments. It is found that the position which is departed 150¢m from plenum chamber is better than
any other positions, and the average amount of the increase of volumetric efficiency is about 2~3

%

Z.g7]a40] | A F-&(Volumetric Efficiency), 5% 7] (Resonator), A1E# o4 (Simulation), &7]
A% (Intake System), 4@~ =P (Impedance Method), 54349 (Method of

Characteristics)
NENY ————— A, UFAHge) B§ Annand A4
b dFARYG B Annand A4S
a D24 [m/s] C. :AAYE [J/kmol-K]
Cr 1 AYNE (J/kmol-K]
R, AFu o AT A D %7 [m]
“* A8Q, AZYstm g f ieEAs
w98 Aduatm YA FaT fo [ IH{AES [Hz]



Y78 o8 471%F SIVIRY NAag g4 B AT 233

D ed [m?]

. H) &y

: 4o} [m]

» A% [ke]

(1B AEE [rpm]

48 [N/m?]

RAY s AFF ALE [J/kgs)
To] BAF ALGF [J/m?]
1 71A 45 [KJ/kg-K]

D AN ZE [sec]

2% [K]

DHRAYAY] £ [m/s]
DR £ [m/s]

2 X3 [m*]

: Al [m]

"% [kg/m*]

284 [ke/m-s]

2 a7 [deg]

IR P

g.ﬂﬂ-man’dzsh?‘ﬁj

NQk"OH<5

SIEA

c 4™

in 84

out . H&

N DBy F

o IAAA

p LR EEEQ AYYE

.M =

HAZ|AAME 2718 FYel BEHoZ o]
TR F71 WM g FFe] 2R
o} o] HHAF] FHEAE o8 JlEv
E Fishe FU9371%E 37A €98 9
A e e Aol WA 2= diRRe
F7) A2 E 718 88 H ] F2AA ALY
g gle AAolnt.t JuH F2 FdpdMe
A Zge] FFHAAT o] B@golM Wolvty
AN EEL At o2 ol f Wi A2
de 7§71 A& ARgEAY 54 A

| t | kel
Cyinder  Manfald toke /
i ™ T N
I \
Chamber Ar cleowr I \
Ouar ter
Vave Resam tor

Fig.1 Engine Intake System

T FHAX AHEE PPl Ee, 7] &
+ AAE 98 FigloliAsh o] mivEE, &
71% T 22 (Snorkel) 9 Toll P49
FH71F AAFAL Je FA |
Shimanoto&-& TIA7|#e glej I &A%
T dgel e MAmEe] &gl A JALe
AYdMe] AHEE PFE BHow FHINE
F7A 2"l A8 A7 E T vk 22, Mazda
Al VICS(Variable Inertia Charging
System)zhal EF& 7HH §71A &L HEst
o« DOHC 4 9B 7@ ZFasided {713
o FUo WHT oAgE 5 e FH7E RE
£ gotd FHIEE Tl T HAFAA X
EdEY AE EaFHe fAE =it gl
.Y ol §& IWIUIE ol4% AHag ¥
A& BARog O HRAAG g7 g Q7
g ¥ vt QIhY ol g FHEAY] A7 9
2A4d "o sAgel F-vizida, 9719
HAEF A o8 e AHAEL A
F 3tk folA 5 @1 glon e]g] g8
HE = EH FE3 AFHIL Y.
= ERFAgpe 39718 ARste HEE
o A ARARe dAZe A9 Xl
FHFAIFIAA zolre Aoy wios WY
& =#7}t gov AEHelA mde o3 A
A Tl HA2 A5& velle #5431
ol g vE 458 Yy 8 7EHe 4¥
o Hs F& 2 Y + YoEm B AT

M E A TEOYL B o]EF o2 FY)

o 3 A% ANE Fo} AYWAE ARY F
AZAPE Foo) olF HAHLA ek,



24 oA ¢z -0l 4 T+ 504

A7 e F71dd 1719 9718 g 2,
000rpmel A 3,500rpm7HA] 500rpm T2 ¥
AANHM HF AR AAE ¢4 Z0 o|gA
FL FHH9 HRAA NN FFUle] BHol, 3
7 2 AF T Wt A7IAA o3 Wt
AHZgo] g JFE "X ertE golry
A} gk

2. A ‘EJE!'
Fulv #e SHEHE oG5y YT Bz

HATE Fike o] WHde AAH g
A wge] Ark. BAAH PR o¥] 7=

C M AAEE Zot & A7 A BV E £

£ dholth, AAE Wl @A (Imped-
ance)¥y o] 1T AFH whdl= SATHY
8.D.96]1} Two-step Lax Wrendrofful ¥ go)
ot E dydes SATAYL og%th o
T eMe 34 gudauger FRIAATE
5o} o] BAwo] BEASE FUIE 4AY
24 F71 A &dE s o 48 F
71N &g 3l E4TMAYPon 83 ol
2/ AFE 3 FYrlY AF ARAXNE
3 ol E AY o2 U= oA E A

3. o|2slY

3.1 E-uf7|a LHe| Faaid

¢35 AEE AgEA 53] A3
e F-uzig Uy dEue] AsE A8
Aldrataiol gk, o] B §{8la B AFdME B
W] $5< ¥dde] npd, QAdd, @by |
3 ¢ dE=v o Wit Sle 134 HAY &
Fou 7pAs T, SATAYEE o &3t AaF
o}, ol 8 A9 134 ¥R §5o 7|9
Aoz ME A4HA Y, $5FEAEY 2 Y
AgA4e] sich

Hugte] vid, A, dHde Ha 2 o
Ezde ¥} d 139 ¥AAd 454 @
F 71w A e o g

AR :

=0 o

+TFEARY

du ou 18P Afur u
_+....._

at oz pox D 2 |u|:0 @
oz g4

) u?
qudea[(dex)(CvT—i—?)] (3)

P 2
i[(/JuF)(C.‘1/T+--—+—l~‘—)]d:c
X p 2

YT (DT olgstE T} gol WHE
A PP e dg & Yk

a9 =) 2
L AL S/
ot ax at ax
4f v u
(x l)p[q+Dzlu|] 4)
P
(@ =2 —kRT
p

40, () B (DE FHY HI4Y BAR
PR Yol of PHAEY & T
Astel SHYZHYOIOL o) 89t

L
y @ S
X _

Fig.2 Resonator




FHI1E ol 4T 4715 SIBd AREE G 2F AT 235

32 =gy

#97)= Fig.29} Zo] MHeol VYl 249 A
o]7} Lol @ag) FQ EX-Eom F4Eo0]
A FH7)9 FPYFRF fore HHolet o
wa& Zvzt Lo} Sg) 3 £4-8 of 9, o
S5 Zo] FAIETD

a F
fo—‘Zr— v (5)

33 BA=A

B AT o] EHe FAZAEL 1) g7
@3 HE AA, 2) 22E¥Y, 3) T F
AW (Plenum Chamber), 4) #9497, 5) &,
izl Wy, 6) ErH(FEE), 7) WEE §
o2 Yrden Z FAd dEtd 228X
He vadddzs 2de Agdan =y
¥ dAvsg FYrzie  AF 2P (Volume
mode) &, &F-4l7] € 2713 A U g
aely vEYE FHEY, F429L A
stgom AgAE UEe FIEHC ehd
H}Q}- @c}_'lz),m).ld)

34 AL U AN HFe

AU WY HYE ddtde Fodow
d, 4394 2 Q27 Bd ¥ rldvtan
o B seiMe vddd wdg A
ST, A7t AYHEe ANRELAE 2
dY 2g-& A-gsgTh

(1) d¥dy =4

F-ui71 A, &3 T da0 B
¢ F @k awe) HRAA dids A
Uy Wl Mo 7hxe Aest FdsA &
2 YH=E Adde 949y 2Y S 43
Yok gzt gE AAH Ul
e 998 Ai1ygFd gdo theat o)
.

dP kc—1 o d k dV,
t.‘: c [( aio 7711) c P, c)

da Ve " ki—1da’  ke—1 C da
at, dm, ﬂ)

—_— )4
ki—1 da) (da

] (6)

A e AEske e AR ANN o
3} go] 783

dmc dm; dme

da ~ da da

(7

gAY Annande] W02 o] Lad 4
2 BAEAES T

dQ _ FARe'kq

Tw—
P 6ND. ( i) (8)
oDcVe Cp/.t
Re=——, kq=—1rH
¢ =07

4 (6)~(8)oll A Hdv] e = A g
WEE 7T o] A7IAl FE A A HEy
e ex& T3t

(2) 299 =9

AA7l dolui Qe 717 T 299 w
dg ARGt ALRgH} D9 o A7) A)AbE
= 21719 @72 Bensone] W o]43lo] 7)
A7pze] HFe]l AA AAGAH 0.1%7} 5
A& ™ FE7t o] FojA Aog WA, 3}
HHvdEw  Kuehle] #H 89 &xd
Lienesch Fo| A3 FRIAGAFE LA s
AGT D 29 udo 2§ FFALeL
o3 g

dmp

da

=pmApu,

A71M, Are SRy WA g et
3.5 QmBA g1y

718 W F7le 14
=

154 {2 712 F7]
U A L =

ol
49 golAd gia

)



296 o] A

Fo AEL B A drh olsizte] FEE
gEREe vz A5} T2 AFo2H 7}
=& A

F7\#e TRAFFE YA Zae S
g SRR E ol43A FU1% B4 rER
Jepg 4 itk 9SiRA Ze Qe $as
o2 A AAW} Vel g 4HHE3} P
24 o33 o] Hedrt.

€]

N
I
< o

o] gt qteirtel Ag AR =9 wek W3t
M Z Az 239 W AMdae ol 2
t}.

(1) A#e] A+
X=094 Z,& v Zoleth.

]

1
I
l
!
|

2
E

! i
|

oV

t

|

!

[

I

|

[
=0 X X=L
Fig.3 Impedance of Pipe
Zz-—g-tan(KL)

] (10)
Zz'tﬂﬂ(KL)‘{"X

A714  p=dpKol® K 3FF(Wave
Number)e]t}.
(2) 3F# 22
KL=0 o2&

el A

PKL

(11)
A

Zz_Zl=

Eool 4 T4

(3) 8719 7B+

Y

— \

Fig.4 Impedance of Volume
Z=a- (12)
v

(4) &% AS

Fig.5 Impedance of Junction

1 1 1 '
= 13)
Z\ Z: Zs (

(5) AAE 2 AEaA B+
ARG A= AHHEAZ} flen=

Z=co . (14)

Aerel dudss GEEE ARl 00E
2 o9& goldrt.

Z=0 (15)

(6) HAATY YN
AdY, F71XE ¥ §7198& Fig6s 2ol
gAY dddae U ok §71dE
7t 43g ™



FWINE ol 4 471F SUI®Y MRS $) g A+ 237

Ly Az
Lin '

Ve

o~

Aw

Fig.6 Simplified Cylinder Model

(azP BKL:;,)_ B
,8 Ve Am A; tan(KLz)
Zl:Az '12,0 BKLM B (16)
(Tc— A‘,, )tan(KLz)—{-Z
s} golgx
J714 e @S de
b an

T
Aztan(KLz)

st gk,

F1Be 4719 89 2@A= 4204 15
o H&Re) U Yvnad 21 AR
o2 Aol ARHT o PHABAA ¢
A28 2ANE KiHg slA42 s s
4| dolAedl of WS BEFE WHE

T, K& 7838 7189 3{A 8T fo="—

2 9% & AT WA FEINLE 7Y 4
ik,

4. HE FX| {9y

Aol A48 71Be 471% DOHC MPI A
7173} 71goz Fg ALY Table 1o Lyehy
At

Fig.7& 493xe AFEE etdn .
7199 gHE AL 97 feod 1y HY
v {7] WiV Ese] Ay B P
WEoZ Sem Pojgd e A AAMe =R
& Az} dxste] A9 XA = 7)Y {FAE
olE # UEE ATt SA A GHAAN
£ Kistler 4075A10 ¢A3M8 djgra Wg7)

Table 1 Engine specification

Item Specification

Engine type 4 ¢ylinder-in-line
DOHC

Mazx. Output 135PS/6000rpm

Max. Torque 17.5kg-m/4,500rpm

Piston displacement | 1,836¢c
81.5mm X 88mm
Compression ratio | 9.2

Bore x stroke

Valve timing IVO : 26BTDC
IVC ; 46ABDC
EVO : 55BBDC
EVC: 9ATDC

.| Firing order 1-3-4-2

Connecting rod 150mm

length

Fuel supply Multi-point-injection
(MPD)

Plenum chamber 1,100cc

volume

-1, 2, Air Flow Meter 5.Low Pres-
sure Sensor 7.Engine 10.High Pres-
sure Sensor 11.Dynamometer 13,
High Pressure Amplifier 14,Low
Pressure Amplifier 15.Resonator

Fig,7 Schematic Diagram of Testing Ap-
paratus



238

(Piezo-Resistive Absolute Pressure Transd-
user) & ©]-ZEHTH AMAM HdEd 4y A&
& Kistler 5001 A2 %72 o] Lale] 2% 3
Q. dd e g 24 8 A
Kistler 6117A17 <% T2 <9 w@w|
(Piezo-electric High Temperature Pressure
Transd-ucer)Z o]-43gH o0, |8 & Aa
v & A AFQ AdEF7] 5007F o] 83}
o FFAAT. ol Fo] AE, FFH dE A
= A/D Converter& o|-83ta] Cix|gAl gz
igate] PCell Agstgitt. AHEE A/D Con-
verter= DT 2821-G-16SEE o] &3l@on,
120129 #3) 58§ 7P vt Z#@= Zhe]
HA&L f8td AF0 (Encoder)F o] 88 2
T A& 4 A5 A e 28 AAGH
W o Are REeEe 18 T 7208 20)th
A Y AL ded] Fasy A7 A
ARG AT JAE NEee] X MR A
AILF o] B3t AR|A)7]& Z1AAY ST o
A BEFAE A GRS Zot Aol nrF
2 ZZIYE o] f-3te ojFA| 7= L HE)
3l AREBIG 0 AP AlgE FEA=
SAFY Fed FEHARA FuelAM Adg
(F)A-gH T HW-1602 o289t F¢
7139 &Fd = HYAME ]88 FHER
2 "8} (Super Flow Meter;SF-730) o]-43}
Qov] AgFe] 2o 47H HHZ AAXNE
A ARAIZIZ A +FA] BhEe A5FE
48k o] Wel T 2FPaELE
AR EE 2,300cce) 3,600cce] AHL zZHe F
718 AHgst . dutdez FU)AA e T
AFgT 19 71RGHF N2 HHFZAT mo
9} BAEY 0.+ F1Ene] fasjFdee &
b #A4 e vlga gk

120f _ 720
N 6

(18)

Mopt=

B d7olAM ALE F971e AARgez Sy
Hug Fw7)e Fgde dAdel A& 3
719 #AA (5) #3f Fo) H(18)H F=3}

Engine Speed (rpm)}

ol A &-ol 5 - &4

£ Foe R¥ehs ARG dAge A9
sago

5. &% % nF

5.1 QUmHAUHO| oS S=7 |2 HFHS

A A Ao 93] Fr19
oldl me FEAAFE TN I ARE
Fig.89) JERHI: Fig.8olx F71@ Ao)
180emell M8 12} E=3 A 1,800rpme] L,
23} 223 A5E 3,000rpmes Jeptzm 9l
o a2y 49 dxHe] 2,000~3,500rpm

40X
.............. 1 ardar
.................................. 2 ordar
N
am.\
1000 - T - -
1.3 1.4 1.5 1.6 1.7 1.8

Intake pipe length (cm)

Fig8 Tuned engine rpm at each pipe
length by the impedance method

- A:Predictad B:Measured
90+ . }
agi T, WITH RE. |
881 e RN e i
ar{ A R NO RE.
86+ a ——
a8 N - WITH RE,
844 / N —a a
834 y h NO RE.
4 LN T

k! 3 AT . .
a0y - ‘{/ .
79 o ™
784 .
774
1500 2000 2500 3000 3500 4000

RPM

Fig.9 Comparison of volumetric efficiency
with or without the resonator



FRENE 1 8F 415 SDIde AFEE G BE A7

7 oleg, & ATdME 23 Bx ¥ASE
°l8E712 B} A9 Ydatyion 7 2
A FRIAALE dx FYNE AA ARE
°|& ¥ 4% 4¥9¢ 4.

52 37| 7, R0l O H=HFE Hlw

Fig.9¢ 9718 33 399 AFaA @&
€ %9 71 BBALEY GE A58 W
= A38 g 4Y F19 vwde A A
ojtt. o] YoM BE AN AY 2% 29
217} e 337 397171 gl A9 vlE) )
HEgo] ¥A JvehdE @ F Utk S8 ¢y
92 W{en 79 7@ FTRIAASRA 3,
000rpmel A AHE&e] A7} L ¥AFT
Aot ANEHE YA e BRe 3
WHgstal ot AgHog H 8% ATA
TS @og AMEI 9.

53 33V HH HE 4R|

H o AHEES eEhie 3909 X E
7] Ada] A4 7 BHAL AN FH719 9
A& Wl 7ie| Aarg Al A7 Fig.109)
Hehd ule} o] =ilF W ERE 150cm ¥
R AAd FHUIE HEY AL MF L A)
HEEE Yehds Aoz AdEY. o A
Z Q37 H3le o] g FHo= A, ) @
18& g8l 120cm, 150cm, 170cme) 370¢]

o
o

Volumetric Efficiency (%)

——
N 2600
894 S om \\ ——
TNy eeen |
—" :'_,-:._-.-n/t’ ———
88 j 2600
ard 2000 |
06 .
e \
A-———_‘_"__-"__—_/ i
a5 B—_\r/’a/’a\ i
84 . ’ ’ .
0 0.3 0.8 0.9 12 15 1.8

" Intake Pipe Length (m)

Fig.10 Calculated volumetric efficiency at
each length if intake pipe

Volumetric Efficiency (%)

239

Ao W3ted AP APshel A0 Bl @Y
on 7 FHE Figllol yehilct. agel o
Ehd vhet o] olEge] YRR U

&g JeRAE Ae YA ved A
2 WD Yo, IF BT Ty Aua
B 150cm 9 @7} A% 2 A4aes vehy

I Ueg & vk

20 -
~ B9 L=120 om |
® 8o T
S 71 A L=160 cm |
g2 o84 =t .
@ L \‘5 :
5 96 L=170 em
E 84- - —

La120 cm .
2 . ;
i % L=160 em |
g o -
| %1 8 L=170cm !
> ’sd ———r

78

T

1800 2000 2600 3000 3840 4000

' RPM

Fig.11 Comparison of volumetric efficien-
cy between calculation and experi-
ment with respect to the mount-
ing position variation of resonator

A:Predicted B:Measured
o1 o
3] Ca
erd A 30 em
86+ -
964 £0 em
341; ;'o‘;‘
834 ——
824‘ 30 em
81+ ——
o0 B 80 cm
191:
784
77+ y - ;
1500 2000 2800 3000 3600 4000
RPM
Fig.12 Comparison of volumetric efficien-

cy between calculation and experi-
ment with respect to the neck
length variation of resonator




240
A:Pradictsd B::Measured

a0 i

894 20 mm
- H

B84 =
f ® P A mm
95”‘ A g
£ 864 i1 88 mm
S ggd (] e
iz %8 30 mm
M g4
§ 891 58 mm
T a
E 824
ER
g 511;

80+

141; —T— - ——

1600 2000 2500 ELL 3800 4000

RPM

Fig.13 Comparison of volumetric efficien-
cy between calculation and experi-
ment with respect to the neck di-
ameter variation of resonator

" A:Fredicted B:Measured

20 —

897 1000 co
o~ 88 ey
:'f 877 A 2900 oc
= B85 p
£ o5 3600 oo
@
2 a4 T
L= 2300 oo
o @ —a—
- 82 3600 oe
B B
E gy B
S 794

78+

77+ o - . 4

1500 2000 2500 3000 3500 4000

RPM
Fig.14 Comparison of volumetric efficien-

cy between calculation and experi-
ment with respect to volume vari-
ation of resonator

5.4 ZYJ| Sdolef Hst

2,300cc?] AH-g Z= IYNE 9D
150cm $Ael AT, FYP719 Bzolg
10cm, 20cm ¥ 30cm=BA MR 2 A3
At 2 AHFLS) WEE A B AP
AAE Fig.l2e] Jepfiich A4dst HY ne
TUF AFE vl glow F9718 Eo]
7} 30cmd w7} AbE FL AHE BAFT Q)
ot gHM 9 A5 vlETRE AlAbghe] oA

SR LI ESERR

87— —

o6 | | WITH RE.

85+ » P ——-— !
\ | |NORE. |
/! N I i

84- // N

83 I N, . l
a2
81
80+ v N
w7 s
784 -

774
76

3
1500

Volumetric Efficiency (%)

i
3000 3500 4000

RFM

2000 2500

Fig.15 Comparison of volumetric efficien-

cy with or without resonator

3 APol AR 2 ke Ve Qo
55 27| SHHo| s}

Tyl 527 AGhagd e JRL
AE}7] 915t ¢o) AE BAHRE Ej 2 2,300cc
o] AR L Z= FP71E 712 150cmigel] =
ZelE 30cmz TAF A9 Z2HL 20mm,
30mm % 55mmZT WEAAZ AL AFAFLY
WIE o|EA oz 7% 43} Fig.133} o] F
74 55mm¢) AUt 7 & #g uEReidh
wakA 30mme} 55mme)] 27}x] -9l o)
A UYL ANYY A9 APPAME 55mm
A A7t AHEgol 71 7 oL & 3 W

Haf &k
5.6 JHI7| MHHS

9719 AR} HEHaLe W) [z
= 9%E ZEFH7) 98k F718 150cme] 2
74 55mm, EZo] 30eme FH7E gn Fg
719 AH L 1,000ce, 2,300cc 2 3,600cce] Al
7 E w7l AN A3t Fig.l4o] et
it upe} o] 2,300ccq] A7) J1E 2 AR E
& YehlE Aoz eyt a2z 63
71808 2,300ce, 3,600ccs] 27}A] 7A-Lo) o
ol A& YL 8 A JA) 2,300ccW 7} F
< oz el o]22 2 2wa s},



FE71E ol &% 471 F ST AHEE T B AT 241

57 =X 3YJ| HFeo| o

oj 41} &g o] ¥ 4¥d AFE T B
AF A gAeZ AL 7139 H$ 2,300cce
# & ZZo] 30cm, 374 55mme ZE F
718 7194 150cmel] HR3de o 7Y 2
AHEES de Aoz eyl o)9izge] &
29 Y718 A Fee 18R g& B¢
& 71& AT AHELS W2 497} Fig.
15¢] el gith Fig150] €5d 8 o3
A 223 A9 FYIIE ARG A 7B
A Foll vla oF 2~3%2] AHFLY PHYL W
ol AYLFL & F Uk

olde] HEE B3t & AFolA AL A
Eyold Z2ayL Fatd Il HIHA
Alke E2E 4 on] o2 MYy} vwg
A AL Aol vehd AeS & uky
L 28 & 4 At 2y AFHeze
Alargko] APAA YRt AR AvtHoR ¥
Al AJE 3 Qe T Aol AW 9% Azl
Ach. o] Aol FrIHe) RdH glo} vl E
ZE A3 4 2 AleldiMe HEHAEE L
8% ol AAH o2 AA R} AHFLo] ¥
A Ay Ao Az, x£3 F37)9 B
o] JAREAN B GFHAAETL At A
A3 vgdEz) 24 Az ANEL Hf AN
g fRlo] WUk AZtEm o ® ALAHY 4
& F3la ol A7 AMe] avHE

6. & £

yadrise AFEE FIE FHeoz %
MPI DOHC £53 3&73e gido= 397
E Eo1ge AAEa 39719 A4 L YA F
WIA7IHA o]& B AFFHor AT 2AF
o087 Ze 482 2528 5 AU
1) A& 528 T4L A3 F2130 AN A
39719 HH ¥ 9AE 20 4%
o A|B#lo]ld TRaPoT AAG o=
A AT7dve 49dHe PAHow
YA L Bo] o] AJEFo|H Xe I
F840l glsrt.

2) Zr 718 2 790l I IHIE F
FAA A5 SR 99944 AHE
&2 NG F gle0) FAHAT

3) B QFdA ez 3 MPI DOHC Sl
712 HE 39 A2¥e ALe T
ANHL 2,300cc, BP0l 30cm, ZAF
£ 5omm=E, 283 F97] FHEYI =
F71dge A =g AHERE 150cm
o AA SFE WYgE &+ Uk

4) FHA FEAA e AFHEEL V|EAESY
AR ELHY AHoT 2~3% AR
& 1A

2 1 & #

ol 8 59 “ArIYs tEEAPI#e

F,u71A 38 A g3 d7, @A
FaFZehE 1994y ZAIstes] 224,
pp. 149~157, 943819, 1994,

. Y. Shimamoto, “An Attempt to Improve

the Characteristics of Volumetric Efficien-
¢y by a Resonator in Four Cycle Diesel
Engines”, JSME, vol 52, NO. 478, 1986.

. “2}+%2} New Technology 7, 7]1o}ALE
2 F97)E dt4, pp. 10~13, 1992.

. o] <=2] 3%, “Helmholtz Resonatorz} SI
7188 FrIA 2" MXe g BAg 4
B8 A7, AFAEAEEH 2 sheo 3
2F4, vol.l, pp. 212~219, 1994.

. “Turbomachinery2] A % A=A7= 7

-, #8744, pp. 19~33, 1987

L FHA, o, &4, “471% 44}0)1F H
BatE ZFEY 2189 A% 2 wv)EA 4
Zo] #Y AF", KSAE voll0 No.b,
1988.

. J. 8. Lee at al, “A Theoretical and Experi-
mental Study on the Prediction of Volu-
metric Efficiency for the 4-cylinder Diesel
Engine”, KSME, vol. 16, No. 10, pp. 1928
~1939, 1992.

. J. S. Lee et al, “Study on the Prediction



242

10

11.

12.

13.

14.

15.

16.

17.

18

of Volumetric Efficiency for the 4-cylin-
der Diesel Engine”, Proceedings of IPC-6,
vol. 1, pp. 117~128, 1991.

. J. S. Lee et al, “Numerical Study on the

Prediction of Volumetric Efficiency of
Diesel Engine”, Proceedings of IPC-5, pp.
244. 1~244. 9, 1989

Lawrence E. Kinsler, “Fundamentals of
Acoustics”. "John Wiley & Sons, pp. 225
~227, 1994.

“FY7NE o147 Frlag ALY, 71AE
A F7lE T4, VIeRIM, pp. 1~8,
1992, 10

R. N. Noyes, “Analytical Prediction of
Discharge Coefficient for Engine Poppet
Valves”, GM Report-3376, 1980.

Ohata. a and Ishida. Y, “Dynamic Inlet
Pressure and Volumetric Efficiency of
four cycle four cylinder Engine”, SAE
paper 820407, 1982,

w44, “NF WelF 2a g5 7R
o] A% 2 wizizA o & #9 A7, 1
S &hal pALEY =7, 1988.

R. S. Benson and N. D. Whitehouse, “In-
ternal Combustion Engines”, Combined,
Ed., Pergamon Press. Oxford, 1979.

W. J. D. Annand, “Heat Transfer in the
Cylinder of Reciprocating Internal Com-
bustion Engines”, Proc. Instn, Mech.
Engrs. Vol 177, pp. 973~996, 1963.

R. S. Benson, P. C. Baruah, “Performanc-
es and Emission Prediction for a Multi-
Cylinder Spark Ignition Engine”, Proc.
Instn. Mech. Engrs. Vol. 191, pp. 339~
354, 1977.

. D. E. Winterbone and G. 1. Alexander,

18,

20.

21,

22.

23,

24.

25.

26.

27.

olA o] - H A4

Manifolds of Turbo-
charged Engines”, Instn. Mech.
Engrs. Vol. 199 No. D2, 1985.

J. I. Ramos, “Internal Combustion Engine
Modeling”, pp. 245~275, Hemisphere
Publishing Corporation, 1989.

R. 5. Benson, W. J. D. Annand, P. C.
Baruah, “A simulation Model Including

“Efficiency of

Proc.

Intake and Exhaust Systems for a Single
Cylinder 4-stroke cycle S, I. Engine”, Int.
J. Mech. Sei. Vol.17(2), pp. 97~124,
1975

D. K. Kuehl, “Laminar-Burning Veloci-
ties of Propane-Air Mixtures”, 8th Inter-
national Symposium on Combustion, pp.
510~5b21, 1962.

J. H. Lienesch and M. K. Krab, “Using
Microwaves to Phase Cylinder Pressure
at Crank-Shaft Position”, SAE Paper
790103, 1979.

D. R. Lancaster, R. B. Krieger, “Measure-
ment and Aneilysis of Engine Pressure
Data”, SAE Paper 750026, 1975.

E. V. Lawrence, “Spark Plug Pressure
Transducers measuring Indicated
Work”, SAE Paper 780148, 1978.

A5, o, Aed, “HEHY 9E 24
£ FF AP AR wEd #@g a7,
KSAE, vol 10 No. 6, 1988.

e, AL, D714, “ATE QA
3 71H& ol gw T3 e A Helg
A2kt Al 29 e Bk A7, BET)E
), 1991.

AEY A FAAL HH dA B3 |
", s 4AF 84 =7, pp. 1~
34, 1993.

for



