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Application of Log-Hyperbolic Size Distribution Function
to Intermittent Fuel Sprays
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Four different distribution functions to match the droplet size distribution of fuel sprays, which had been
obtained using phase Doppler anemometer (PDA) by the authors, are compared with each other. The four
functions are log-normal (L-N), Rosin-Rammler (R-R), Nukiyama-Tanasawa (N-T) and three-parameter log-
hyperbolic (LH3) functions. They are applied to results of unsteady Diesel and gasoline type sprays. It was
found that the excellent fitting curves to the experimental data were provided by the three-parameter log-
hyperbolic and Nukiyama-Tanasawa fitting functions. For the results which have some peaks in experimental
size distribution, the three-parameter log-hyperbolic function provided the best fit curve. The Nukiyama-
Tanasawa has problems at that estimation of the best-fit values of the parameters. The three-parameter log-
hyperbolic function is simple for the determination of the parameters because they are easily given graphically

from the experimental size distribution.

Key Words: Droplet size distribution functions, Fuel injection, Unsteady spray, Phase Doppler anemometer.

1. #

ol

ek, MEEFONMI, EEAE, BLEERE F
BHRIEBITRBRAMBRE TERBINTEL. FITH
BT, MBEENZ LK KREATEDLDICEET
PVELIMSELOWMENTHORTNSY. IE, ¥k
BT TFEREZED L —Y Ry 7 IHEFHLDA)®,
i SR BDFERRE TE SR Y 7 IHEDA)D
FIRICE D, PERIEICIA ZERMI /AT TR RH O
EHRERBLTRZOBRAESNS LD, L
ML, WROKESMEEIIEEAZTLELZTMTS
FHICREINTWSD, BT TREZELEZMED
& 57 PDA BlEHZRICH T 2 EAMEIEIHD TGS
HHENDDH. FRXTIE, BEEHBHES GO
TZOICBIREIN/L, Log-Hyperbolic B2 ML,
fEkMSERIN TS —#IR, Log-Normal,
Rosin-Rammler DK & O@AE 2L T 2.
HEEEL, EEHEFOD PDA KX BMRT 4 —HEIVH
F "BIUBREEEZE ORMES LR, 51
EEEBEORLAGBIYEL, IS OEROE
AEEFML .

B2t 1998 %6 A 30 A

(10)

2. AMRTHEALLHEDHBLK

AWK TIL, Log-Normal (L-N), Rosin-Rammler(R-R).

R —HMR (N-T), BEXU3/NTA—% Log-
Hyperbolic (LH) DR ES B E-EH L A", &210
B ZEL1ORX (1)-@) IKRY. L-N & RR I22/%
FTA—Y DMK THB. NTIZANTA—FTHBN,
A B, o BIIEROFAD EWICBEFRLTHBY, Ak
BRADEDOERELTHWS D, EHIZ2 /NS
A—HBRERD. BB NTI, a+d4=p =5 DI
a8, R2Q)DR-REFHEMELTEH XS, Log-
Hyperbolic (LH)I&, Barndorff - Nielsen1Z & > Ti(4.1)
DL icmEhic. L@ DPD Fa g oEEE DB
LOEHITHERMENZEKTH D, LH Ha b
8 p,PANTA—FORK LD, LHIZH(HD
Log-Normal 28 E L TEUN, L-N 2 KT8
NHEUERERRAGE LI L, LHIZEK
DR ERORFRREUIHEROES &L THRMi %
RODEAMNELD, W< DMDL-NZEREGHEM
¥wLian? LHIBKES N 2L KRTHODIEEA
KELAWIEMNEHINTWE., F2TiE, X
(4.2)TREIN D, a, o0, M, PI/INT A= YD Log-
Hyperbolic (LH3)73fii & UL THZE I N/, LH3ILb]



kit Vol8, No.23 (1999) 122

Table 1 Distribution functions used in particle sizing.

Log-Normal Distribution (L-N)
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Three-Parameter Log-Hyperbolic Distribution (LH3)
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Table 2 Estimation method of each parameter of distribution function.
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Table3 Specification of five nozzles.

Cross section
of nozzle
(whole body)
1R
7 53
Cross section LSk
of nozzle =z
(nozzle tip)
Measured
Fuel (Valve 147 kPa
open) pressurd (29.4 MPa) (29.4 MPa) (19.6 MPa) (250kPa:Air) 147 kPa
CT— 19.8 37.3 12.8 6.4 8.2
(mmd/cycle) (mmS3/cycle) (mm3/cycle) (mm3/cycle) (mm3/cycle)
Measurement| Z =50mm Z =50mm Z =40mm Z =50mm Z =50mm
position r=0mm r=0mm r=0mm r=0mm r=0mm
; Single hole Conical Air assisted Pintle
Nozzieryps Single: hietis +3holes spray nozzle injector nozzle
Brief mention D.S. D.4 D.C. AA. PIN
Diesel sprays Gasoline type sprays
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Table4 Estimated mean diameters by distribution functions for various fuel sprays.

Dyg pm D3, pm
Experiment Estimation Experiment Estimation
Exp.-C|[Exp. [LH3 |N-T |L-N R-R Exp.-C|[Exp. [LH3 [N-T [L-N R-R
DS. 33 33 31 38 33 26|D.S. 76| 76| 53] 81 61 72
D4 22| 22| 23 17| 23| 21|D.4 31 32| 32 38 33 33
D.C. 19 21 22| 21 23| 22|b.cC. 31 32| 32 32 31 32
AA. 16 18] 21 22 21 20[AA. 24| 26| 30] 30| 28] 29
PIN 47| 54 55 67| 63 48|PIN 112 118] 112 116] 100] 115
. --m--D.4 —e—D.S. —*—PIN
6 N-T Exp.
St Exp. N-T
34t Exp.-C R-R
5 3 ' Exp. R-R LH3 3
o | Exp. ;THUﬂ N Eﬁii/l
1t Exp.-C —x . 4 LH3 L-N
0 LN = 1 [ =0 , . .
0 20 40 60 80 100 120
Fig.2 Estimated Sauter mean diameter by various distribution functions.
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Fig.3 Explanation of each temporal part with time
dividing method.
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Table5 Estimated mean diameters by various distribution
functions; Time dividing size distribution.

Dyg pm
Experiment Estimation
Exp.-C|Exp. [LH3 |N-T [L-N |R-R
F 31 32 32 31 34 32
Cc 25 25 26 24 27 25
R 19 20 20 19 21 19
i 14 18 19 18 20 18
W 30 31 31 29 33 30
D3, pm
Experiment Estimation
Exp.-C|[Exp. [LH3 |N-T |L-N |[R-R
F 39 41 41 42 39 41
o] 34 34 34 34 33 35
R 27 28 28 28 27 28
T 26 29 30 30 28 29
W 36 36 36 37 36 37
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Fig4 Distribution functions for conical spray.



5. ¥8
AWFETIZ, 3/%5 A—% Log-Hyperbolic (LH3).
SHEKEMER Y 7 IHEFHI X D ER LU EFH
ENMICEA L, Log-Normal (L-N) , Rosin - Rammler
(R-R), HIL—HR (N-T) O&SHERE BN 2T
8L WHRELEEERIT + —YIVEHFELHVY
CHEERNS OMREFEEL, MHEFY T IHEEHS
K BB THBNELSO» 2EBRESHICH TS

EABEEOELEEZEL, UTORKGERL.
1. KIEREEMNLEL, MR OHES K EA —D DK

EOMMARICH LTI, L0 bRFHZELL,

BEARCEISTRYRAMS TR EEZ 5.
X/, SOMMED S PR EBRELLER
+5%BET—KTS. LML, Log-Normal I3
WY 57 ETHWBREIRD, Rosin-Rammler 1
INERITZE BB LV HHMERICERT
HEMPBEIND.
RIEDTOBAMIZ—DTH BN, KRG
<, BEDRTHERGFETSHE, p=1&L
T A—F ZRE LKL -ROKXTIE+H5
MR ESSNT, BHELZTHREDH
20%NDKERFEEELCKE. TOLIBEERMIC
HRIL-RORZEAT2HE, EEENTA—
YERBETHRE, BB FEUNOGHEICK
DNRENTA—FERETHENLELRS.
MBI T+ 2T, ERBRTFHEREET HH
513, PDA BIEMEZOBOOEFEREIZEWN. L
MUK ENANESNHREERET, KESIC
BEROBEEZEFEODLOLBEIE, INTA-F
Log-Hyperbolic BI¥AE b IT VL {ElEh#R 2 5 X 7z,
C0BE, FHIHELLTEREIIHI0NEEDR
ZEEUL.

3)85 A—4% Log-Hyperbolic %, FEHERAL
FRES TR LK ORTIIES LWiE itz

17

fh{ft  Vol.8, No.23 (1999) 128
B Z 7. 3)85 A—% Log-Hyperbolic B {hd
BIE & LB L T, RIS O EREANES DUvi-
BETOHRYALNERE X 5.

REICAMFROR RN EATIL T O0Y S5 LDk
WU ERESEA, MMUEFE (BEFTNUD 12
ERIDHBHER N EE2RL, TTITEEML
E

BE K

() HMIRE  WAEBRBOKRZI ORI, MK
DWFFE, 15-4 (1963), 505-5111lh

(2)Xu,T-H. ¥ » 2 % : The Three-parameter Log-
Hyperbolic Distribution and its Application to Particle
Sizing, ICLASS-91,(1991),315-324.

QVEEM2% LY Ry TI7—kitkdTF 14—t
IV B M R IRE B R ORI, % B, 60-576
(1994), 2917-2923.

@HaMENSE  IT—T AN P2 I IEE
D PDA BUE & FHAl, HEER B, 61-585 (1995), 1935-
1941.

(5) Barndorff-Nielsen: Exponentially Decreasing for the
Logarithm of Particle Size, Proc.R.Soc.Lond.A. 353
(1977), 401 - 419.

6) HipHe, NMRAEKXR : T4 —EINHEBRESN O
Log-Hyperbolic JT Iz & 234, 55 1 Eki{L >
R LIRFEGR IR, No.1,(1992),189-194.

(7) Long, W.Q.,IEZM 6 45 : Analytical Fanctions to Match

Proc. of

Size Distributions in  Diesel-Sprays,

COMODIA'94 (1994), 213-218.

(8) Grehan 1T A 3 44 : Evaluation of Phase Doppler
System using Generalized Lorenz-Mie Theory, Proc. of
Int. Conf. Multiphase Flows, Vol. 2 (1992) 291-294.

(9) Hiroyasu, H. : Diesel Engine Combustion and Its

Modeling, Proc. of COMODIA’85 (1985), 53-75.



129 ##i{k Vol.8, No.23 (1999)

G BE (WLE DhdE)
BBEAY THW

B AT LTFR BT
T376-8515 KA AT KAPAT 1-5-1
TEL 0277-30-1528

FAX 0277-30-1531
e-mail ishima@me.gunma-u.ac.jp

1994 AFEBRFEF B A F K T #UIFERHE AR 2
T. BEAFI¥HUT. L—¥ Ry TSR
SRy 7 SiEE B & R T HE R fEF &2 /T L
RN O, REEFOUIFRICHS

M g (AA D—5HoA)

() B A BB EWIZET
FeHED) ) RS IF TR
PEERWMIIZER

T 305-0822 D < WEHiXiiM 2530

TEL 0298-56-1111
FAX  0298-56-1169

1981 EIHIFE A FNIREEBIEL 2. 1990 AR KD 10 A
AR R, 1995 AERES R AR 1
FRET. 1995 MR IF O BHFE R HT R BIWEZE £ 1984
ENSBRBEHTRGT « —HILOWIZE, BENT
Ty REKEBHOWIIICHES

M % (I 1BLY)
k) 2= 72290 A
A 58 AT
LDk L P SN kit
T 370-0023 BEIBIRFFBART
AT 1671-1
TEL 0270-26-7137 FAX 0270-24-3523
1986 fEBE B AFE T FEER T ¥R A%, 1988 FEF
KERERELREET, BABTHEE ) 95,
1993 ERBERFRER LU E L EURRE
T, 1993 4 (Bk) 2= 7 xv V7 A8, 1>
CHI S AT LEREHICRES

INMETT BR (BENE EaB)
B T

PR S 27 LR B
T376-8515 il Lili JCHIMIT 1-5-1
TEL/FAX  0277-30-1531
c-mail  tobo@me.gunma-u.ac.jp

£ 7

1969 FFRMEAFE _ LF MR E. HITKEF %
WIS - BhFE, TERSKE DB IR, Al -
DR, WHERFT SR, 0%, fhoaf
ft, §HlEIal—2al, T2P0RUE -f
HREEICBIT D L —YEHNCEE T 2 BRI Y.

(18)






