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A Study of A Flow through Small Apertures
(2nd Report, Experiments on The Velocity Field)

Kiyoshi FUKUTOMI, Tomiichi HASEGAWA,
Yuji NAKANO, and Takatsune NARUMI

The velocity field of an inlet and outlet flow through small orifices was experimentally examined.
The velocity along the center line near the orifices was measured with a laser doppler anemometer,
stream lines in the whole flow region were photographed, and the following points were clarified :
(1) The center line velocities of liquid paraffin agree with the theoretical value of Stokes flow in the

. region of Reynolds numbers below 10. ( 2) With distilled water, a diverging angle of the issuing flow

from a larger orifice is smaller than that of the issuing flow from a smaller orifice. Furthermore, a
characteristic isolated vortex is generated on the downstream side of the orifice at the Reynolds
number of from 10 to 30. ( 3) With ethanol used as a test liquid, the diverging angle of the issuing
flow is small even for the Reynolds number of less than 10, and the flow resembles a jet. (4) The
magnitude of the diverging angle of the issuing flow have a decisive effect on the value of the excess
pressure drop at the same Reynolds number ; the larger the diverging angle is, the smaller the excess
pressure drop is. (5) The dimension of the isolated vortex generated with the outlet flow of water
is, when non-dimensionalized with the orifice diameter, correlated with a dimensionless number V(/
¥)2 where V is the mean orifice velocity, A is a time proper to water and v is the kinematic viscosity.

Key Words: Flow through Small Orifices, Low Reynolds Number, Velocity Field, Extensional

F@X No.86-1490 B

Flow, Viscoelastic Fluid, Relaxation Time

1. #

B

IMLEEET 2HENOEERCE T 2RI, RE
FEHBEORECHERTHEBD 2L, Zh b ERIIC
BRABRALCOVTDLDOBIEEALTH
Z)(l)~(4).

KBTI, BLOBWHKIZDWT, ILE LT/ALY
74 AR AVT, HARRBAETRN R L — Y HREET &
FHREHEBEC L VAN, INFLEE LN L S BN T
FRE TOLREEHLMIZLES ETEHDTH
3.

2. XEREE L{EREG

2:1 FROEEORAE  /AFLPLEEOFATG
IR (DA% 2 % B &IP3 1 L — YiEET I
IVHEL 7. M1 EBREEOBBN LT, ik
7 7V VSIS T 40 mm X 40 mm O EJ5 EHiHE %
LI BWHBT, RaiRAY 7 1 A SHATRHE &

*BERI624E 10 A2 B JEEERERM A EHES
BUOCHE, FRE2 BRe 412 823 A.

oS HEAEA¥ERE (@950-21 HFETATE2OH
8050).

*2 IEH, FEKE THFE.

*» EE, O)ISBEETEMR) (D737 SfFENE 2-1).

H 400mm TH2, V—IHEFOAEE— NIEE
DEFSER 7YV v VE—FRT, £V 74 AAEET
BEE TR T 220 REE— LD 1AELY 7 4 R
Ty F UL, 20k HERE U B
RATEZHNS,

U:_S%.ﬁ_fd ....................................... (1)

IIT, 0B X UVAREEEH(0=1982°, A=
0.6328pm) ThHY, BEMFIZLB Fy 75 — R
fa B ROBIELREVEE U 285, fo REEMT
THESEILHEXENRBEMRTFC L VERESK

From Head Tank

3 Compressor
Nozzle| Seeding Perticles
ok Lens -Ii

Lens-1 \“ Photodetector
He-No =
Laser

Beam Spiitter Oscilloscops
Oritice: Lens-T Storage type
Oscilloscope

1 hlsHERAIER BN



INLEEBT AW 25 (E28H) 3517

ZTCA M=V PF Y aRa—7 T -7, HEER
WEERE R EFEEH T 7 4 > BERADIZIE 0

&, thE i 80 %TRE) 0 2 BB A v o, & 70, BRELAE
FELT, BERKDBERZ V-3 I3 %,
FEIST 7 4 Y TRT VS FHHEHR (0.3 pum) 2 AV
7e. ZOHE, KTCR 27V —3 7y FE2RAKICE
HLIF /N EERASRBR 1T REIN:
WAL DJRHEERRE, LHL, A—14 2 VA%, FA—
FBEICBIT 2B T 7 4 > OFEFREIZAD ZhD
S OBEBEIC 22D THEI S 7 4 » ClREILEFEIZ
ToTwin,

2:2 FREE HBOBRERTILIZVLARS
V—RIC ko C, HEBER Ty s =y AR D
HEAL TGP BAR, ~y RV 7 ZBL TS
1HZE, WAL 1 B Eo&Er2 BRI
LHE U EBRERA L. SRR 21 BT
BOLEILTHD, VT4 ROV TH 21D
DEEQEFOENIDHZBZZFUTH S, D% h,

T T
Liquid Paraltin Liquid Parattin
1 1 —— Orifice ~|
Oritice Outlet
Intet E\:b D =124mm
- > >
D=124mm S 5 thqu:tl
— 10" 10
Stokes tlow
ORe=
&Re=
ORe=30.9 s
2
N, AA
o§w= }2 N
ARe= 11,
1107 107 oRe-305
r )\ -
10 5 1
X/0 0 0 S xmo ©
(a) D=1.24mm
I I
Liquid Paraltin 1 Liquid Parattin
1 H
Oritice
oritice K R cmg;t
Intet > 2 =0.296mm
S SENI
D=0.296mm 2 | Ay
Addyy
Stokes 1low T. ‘A
- —1ot 10" — ..0.0.
] ] %
e 20 “Stokes 11
* 8Re= 56 0 es tlow
DRe= 8.4 © >
9Re= 11.3 oo, =
ORe= 14.0 L e, 2,
ARe= 305 Wy Oy,
2 2| _ORe= 1.5 0
——4 10" 10t—ope= 4.4 ORe= 13.4—
5 ] I aRe= 58 ©Re= 166
24 ] [ DRe= 7.9 ®Re=22.0
a¥ oRe= 113 4Re=309
Pl P o - "
1 x/ s 0 0 5 ¥ 10

(b) D=0.296 mm

X 2 FET 7 4 > OERTHLEE (U/V)
SR T BERE (X/D)

HERERA Y 7 4 213 D=0.296,1.24 mm, FiEHE
EHRA Y 7 4 A1k D=0.307,1.097 mm Th %, BEHEE
2R, BEHICEWT ANy 2200, fE» S
BREA PR (Xe 75 v v aB)DRAY v M %
HEEEA U b o —ERMEH LT .

. X B ¥ R

3.1 FLEE K2(a), (b)cHE s 74
> OWAMFLEEP R EOHERRE 2 RT. #tEi
HERE U DAY 7 4 AHE V2 & 3 ERTHE
B B4V 74 2000EH X OF Y 7 4 AR
Dz X 2BRTIEHETH D, v 4 /I VB EIT A —
FELTWS, %/, V—FE—ARBROAS 2
272 XID=0DHEBEE TOREIRETH B 70
ToTwiw, &, H2HEHIIR P —27 AFROE
R

U_3 1
v 9 (1 +4(X/D)Z) ........................... ( 2 )

BRT. WA Y 74 AR L b Re<10 TR FABIFH

T I
Distilled Water Distilled water
1 AA_._Orilice —
Oritice Outlet
Inlet ®g, D=124mm
D=124mm z fon
=}
Stokes 1 0
\ 1o |VVVV
Stokes tlow
ORe= 5.
ares 75 [ ORe= 311
DRe= 9.2 ORe= 3.8
©Re=10.8 ORe= 4.7
vRe= 15.0 ARe= 7.6
1Re=18.7 aRe= 9.4
| sRe=232 1o vRe=131_|
nRe=45.7 ®Re=28,7
ARe=67.0 4Re=618
1 5 0 5 1
o x/D ° X/D 0
(a) D=124mm
Distilled Water Distilled Water
1 1
Orifice .
Intet ‘:‘:Ix:a Orilice
D=0.296mm > O Outlet
nl 3 5 0% D=0.296mm
4 b °<>
Stokes flow a o
A 010" 10—
a 3 tokes 1ow
ORe= 9.0 L
ARe=217 1 ORe= 32
oRe=332 oRe= 87
ORe=45.3 1 oRe= 139
ﬁ aRe=23.1
3 2| ORe=38.5_|
o 0 vRe=715
10 X/D 5 1] 0 5 %/D 10

(b) D=0296mm
3 BEAROPLEE



3518 NLEBBRT RS 2R E2W)

BlOHIEEDOF ) 7 4 AEICET 2 BT E L,
Ab—7 AFOBERIEL bIEE—HL T w5, 7,
RAMTIE, v4 VBB EL R3O TERT
HER/AE L, REETRAE haEEERT. &
i, VA IV AEREL BB ONTHRABKES
D, HEEATOREORBERNS S BBDEELS

O Distilled Water T=13°C
® Liquid Perattin  T=14C ol & ©
1 P—Q—O
F %
Og
k< o]
35 o Ol e
° i. Oritice
10‘: o® Outlet—
E 8% D=124mm
-
F X/D=2.55
r Stokes flow
10 N ET [T "
1 10 Re 10?

(a) D=124mm

4 PLEEREOHE

hz, M3 (a), (b)REFXKOPLEERRT. MK
LY BARTIE, AIROWRE ST 7 4 v OREREER
2, Re<10 ZBWTA+—27 AFOEHRM & 13T —
L, VA VAEHNEL BB IO TERITHEE R
NEL BB, L LD s, FHAITERY 1/ VAK
BIE W IBE (Re<10) T &, D=0.296 mm, Re=32

O Distilled Water T=12°C
® Liquid Paraltin  T=16"C o ©
1 Q.
F (4
e
> |
ST Q.
- Oritice
1 E [0 Outlet
— . D=0296mm
X/D=2.55
Stokes flow
1ot PN IR TR R P
1 10 Re 10

(b) 'D=0.296 mm

ERTHLEE (U/V) v 4 /2 v X8 (Re)

g
|

y=96.8 (cm/s) Re=35.2 V=84.9 (cm/s) Re=32.0

v=47.8 (cm/s) Re=17.3 V=66.9 (cm/s) Re=24.3

v=26.1 (cm/s) Re=8.48 y=35.1 (cm/s) Re=12.5

V=19.4 (cm/s) Re=7.06 V=18.5 (cm/s) Re=6.62

(a) D=1.097 mm

y=331 (cm/s) Re=33.7 V=386 (cm/s) Re=40.0

V=198 (cm/s) Re=20.3 V=190 (cm/s) Re=19.4

y=132 (cm/s) Re=13.4 V=109 (cm/s) Re=10.1

V=24.5 (cm/s) Re=2.49 V=32.0 (cm/s) Re=3.24

(b) D=0.307 mm

X5 WiEh$T 74 YORBRER



MMLEEBT AWMACET 3R E28)

3519

V=2.03.(cm/s) Re=26.1 V=2.47 (cm/s) Re=30.3

v=1.63 (cn/s) Re=20.8

Re=19.8 V=1.74 (cn/s)

V=0.746(cm/s) Re=9.16 . V=0.796(cm/s)

Re=7.87 V=0.589(cn/s)

v=0.622(cm/s)
(a)

Re=7.29

D=1.097 mm, FEELIE 40 mm

V=3.08 (cn/s) Re=30.0 | .

o

V=2.05 (cm/s) Re=20.2
ii
¥y=1.31 (cm/s) Re=12.8

iii

(¢) #V 74 AFHHAEIDA, D=1.097 mm, IS 160 mm, Ik

KE 150 %

i

il

Re=9.55  iii

v

V=11.0 (cm/s) Re=34.6  v=10.2 (cm/s) Re=31.7 1

v=6.62 (cm/s) Re=21.0 V=7.0 (cm/s) Re=21.0  ii

V=5.52 (cm/s) Re=17.4 V=4.92 (cm/s) Re=14.6 , iii

Re=5.16

y=2.51 (cm/s)

V=1.64 (cn/s) Re=7.31 | iv

(b) D=0.307 mm, K& 40 mm

6 FEEAOFHEE

DBEERL &, TRITHEEIIR b—27 AROERE
IDBENMERRL, POLEERLT V7 4 ACDWTHE
NHEETRL TS, £z, 7V 7 4 AFHBOHE
DHEEEERL101T, #U 7 4 AL D —FE D
X/D=255 1280 3HMER VA /S VABEELTH
FELl, g, WELRRE U »FHEE V CE
WEAELTRT. chizkhi, UViE, D=124
mm, EFHKDEEERWT, Re<5 TAM—7 A
DERFLHB—EHL TWwa 2, Zhllkova
ABTRBRRZCHEMLCw3, £/, D=0.29%6mm T
1%, FEAKETE T 7 4 Y OEREZIE WY, D=
1.24 mm, 3<Re<10 TRREZKDEHSTE T 7 4
YOZNEI VBB WEERLTWS, lEDZ
Eo, BEKTIE Re=5BETHA Y 7 4 AEH
REVE ERFHEOHEERERI/ NS I L 23b»
3,

32 FREE Ms5(a), (b)icHE T 7 4
YDA Y T 4 ABBREOHFNORBEE 2RI ERD
HEDE = SHELIE (40mm) TH 5, MAIEKETE



3520 | AVAEEET BN 2T (28

HeBIZAE» WY, K5 (a)dd D=0307mm, (b)
D=1097TmmD* YV 7 4 ALk 2FERTHS, M5
(a), (D)&BWT, MATIZA Y 7 4 AE, v 1/
WA L 5T TNTHERFEh 2o Twa Z &8
bnd, 7z, Re<10 2B\ THARIZFEMEIT & Mt
WRHRENEED A Y 7 4 AR DB 2T
W3, Lil, Re210 TBWTHEAITIRGLIZY =
Y MRS THL ZeBbhd, ZOZEEFHAY 7
AABZIHETH S, H6 (a)~(c)EHE KD
EEYTT, BARORIITE 5 7 4 VALY
T4 RABER VA I VABC & S THEMRTIN 2 E S,
L L, HEEITIEY 4 2 VRN E W (Re<10)
BETYH, WEVST 74V L BERD, 7V 7 4 AH
OffHTE Y = v M RAREBEEL, ZORFD
C3FTRESTWB I Edbd b, &5, BEWR
TR, HERE LA L AER (Re=10~30) T
YWHY 2y PRAGILIES THREFBKL, ZDART
—V(ERSA) ZEREDOL A VA TIRA Y 7 4
ABSEZ > THIEFIEARECZ>TWS, B7(a),

y=5.59 (c¢cm/s) Re=41.5  V=5.63 (cm/s) Re=43.1

V=2.39 (cm/s) Re=18.4 V=2.88 (cm/s) Re=22.2

V=1.18 (cm/s) Re=9.03 V=1.22 (cm/s) Re=9.39

V=0.840(cm/s) Re=6.26 V=0.697(cm/s) Re=5.23

(a) D=1.097mm

(D)iexy /7 —VOGFHREEE2RT. MABOFILIX
AR =% & FARRBETRTH 3 28, FHE (Re=3~
30) CTREEKOEE LIV IS MY =y b2 FE-
TWwb, i, BEADIIRITHEBIZ-&ED LK
AMTEBIFLRERNAT, WAV 7 4 AETEUOR
nNEE->TnS,

4. = =

HEBCELTARRTEL AR E, AiRO T8
SN REENEROERER EWGE €2 L RO &
SWhD, WEVST 74 VDWW TR Re<10 THA
PR AIEE ILIEIZA b — 27 AROERE L —%T 3
M, DL E, REENEES A b —7 AROEHE
—ET 3, HEHEAD Re=10~30 DHEIADFHAIT
&, Y7 4 AEMNKE L L RHEEOBMERI/NE
{, AV 74 AN EVEZNIFRE L, ZThiZK
LT, &Y 7 4 AEHMKE WSS RN REE
JTHERIKRE L, £V 7 4 AEWNE BB CIIRTE
EFEEXZEMACNES L, =¥ =V TR, RES

V=17.1 (cm/s) Re=35.4 V=18.3 (cm/s) Re=38.6

V=11.0 (cm/s) Re=22.8 V=12.1 (cm/s) Re=24.6

s

V=5.21 (cm/s) Re=10.8 V=5.12 (cm/s) Re=10.6

V=4.17 (cm/s) Re=8.61 V=2.48 (cm/s) Re=5.22

(b) D=0.307 mm

7 I8/ —NVORREERE



LR BT B HACET FE (E2) 3521

| Distilied water o /o/
\
30 ™~ {b)~iii
o
e _
2
20 g
=, "'Oriflicen
. Dmm Pmm Qmm
\ (b -iv
10— e}-ii 0 0.307 40 40 -
o 1.097 40 40
" = 1,087 160 160
| (c)-iii
(a)-iv
00 0 L - n 2 L 0 5 1 1 0
: ' : v I

M8 EEADSIFTHAYT — I, BRTTS THA— 1
(WD) sty s [V(A)?], (K8 HEEs((a)-
i)z EiB6 (a)~(c)SHR)

74, BEKDWTRID bFHAR/NE L, Re
BUOMUTTHYxy b RBUARETHE T 2, 2DF
&, REENERZA M- AROBHE LD KRE
v, DEDZ s, Re B—EDEE, REIEIHEK
PN /NS AR 2 VLA RIFREEEOBEEOKR
N, HBVE, REELESY BEOARNMAE S BERE
LCWw3 ZEdbnd,

%72, KOBEW, Re=10~30TA Y 7 4 AH O
WHISZ L7 5 TSRS hzas, 203 FHROKE &
W %A Y74 A& D THERTLL, V(A 21
e Fay bLTARI, 2212, AR TR
[KzEELH M THY, 2 I CREFKIZIRE
#D— Ao DARNCBIE U 72 ©5dk 171z 0 SR FIReR
BREWE, ZOEEPN8 I RT. M8, BEADT
—# ("8 ((a)-i), ((a)-ii)) k> FHRT TR
HRIBOEELZZ I TR LELZOND D I EERS
v, ERITS THA 7 — ) WD EERTH V()2
THRBEETEL bbb, LizdoT, kOE
RIERFIESBE 24P/ V2R U VAW TE
BN P EHRTELL L, AFEO LI %
HEREQHROELIZB W T, BIRTH VA2 2E
ERRERRLETOOEEZOND, kB, KD
WBEIZ DWW TH ZDWRBICEEZ H AEEICE TN T
ERETINETHEY, HHERTEI IS RITHT
Hold, TERVEEZLNE,

5. &

INE Y 7 4 AR BET B RAORAMTHAIAOE
Erv—VR#EFHCLVEIEL, &7, TVI=T A
B XD RA ORI 2Ty, ROEEHS»ICL
7z,

(1) WEST 74 220w TiE, VA4 2V X$10
DT comAEF A OEER A b —2 AROHER
WIEE—3T 3.

(2) BEKZOOTIE, £V 74 ABOKEWVIZ
5 BFHIEDILD D BEIR/NE L, V7 4 AT
EVESVREFES Y AEERE W, £z, Re=10
~30 TA Y 7 4 AT RE LI L T S T8
DBEL S,

(3) =¥ /—nizonTik, V¥4 /v XE 10 A
TTHREGIEBDAER/NE L, Y=v b
RTHHT 3.

(4) BWEOREBEILL Y AEBKE WEEIRE
FESRBRBHERIC/INE L, R D BES/NSWEE
BAREIEELRERECRZ W,

(5) BWEADLTYV 74 AHMOMMETETS 5 T
DRES WHFY 7 4 ABRTERTLL: WD
MRTHE VAW P2 k- CE&EBsRE, 22, V
A 7 4 AEWHEE, ARAKCEE T B 5 EM, v
BARDERSETH 5.

SR, AHEOERTEH 72D EREZ B ZHA%E W
TRz (BR) HE X 7 > v A D HEER K, =H&/M
(R DEHAER (MR, FHEAREFE) ST LEL R
LT,

B

X 73

(1) Metzner, A. B, Uebler, E. A. and Chan Man Fong, C.
F., AICKE J., 15 (5) (1969), 750.

(2) Cable, P.]. and Boger, D. V., AICKE J. 24 (5) (1978),
869.

(3) Ramamurthy, A. V. and McAdam, J. C., J. Rheology, 24
-2 (1980).

(4) RBJ- %5« X7, ¥R, 48-427 (FE57), 480.

(5) B, MAOTELENY F 7y 2, (B57), 198, #HEE
JE.

(6) Happel, J. and Brenner, H., Low Reynolds Num.
Hydrodynamics, (1965), 153, Prentice Hall.

(7) R&I-12E - 1B, #5H, 53-496, B (18 62), 3510.

(8) E&I, #m, 44-381 (FE 53), 1610.




