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Effect of Polymer Additives on Water

Jet Appearance Subjecting to Cavitation

Takao Nakagawa, Motohiro Yokota,

Hironiichi Mikami, and Hiromi Mochizuki

This paper describes the effect of polymer additives on high speed water jet discharged
into air through a very small nozzle under cavitating condition. Experiments are carried out
under the conditions of 1.6 MP, to 19.7 MP, in injection pressure. A nozzle diameter is 0.3
mm. Two kinds of liquid (tap water and polymer solution) are used as working fluid. The
photographic observation of the liquid jet is made for tap water and several polymer solutions.
Following facts are made clear. (1) The discharge coefficient scarcely changes by the addition
of polymer. (2) The effect of polymer additives on the separated jet are as follows: (i) as polym-
er concentration becomes higher, the wavy jet gradually becomes smooth jet, (ii) polymers in-
crease the coherence of spray jet because of the inhibition of spray formation and the presence

of filaments tying together.
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Fig. 1. Experimental apparatus for photographic
observation of jet.
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Fig. 3. Photographing arrangement for jet.
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Fig. 5. Experimental apparatus for measuring break-up

length.
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Fig. 6. Experimental apparatus for photographic
observation of cavitation through two-dimension-
al nozzle,

: High pressure pump
: Accumlator

: Relief valve

: Threeway cock

: Water chamber

: Strainer

: Test section

: C-A thermocouple

. Pressure transducer

. Camera

: Dynamic strain amp.
: Digital multimeter

: Storobo

: Valve

h =
0.388

{b) Test section

Test section and two-dimensional nozzle.
(All dimensions are in millimeters.)

: Pressure tap

: Two-dimensional nozzle

: Bolt

: Observation window

: Stainless steel plate

: Perspex plate

: Nozzle plate

8: Thermocouple

~1 O L LD



N U oD oa s TR NGO & A iR 137
3 EEAKEE L ZE & KOBE L TH D, 52, SCRAEFHOEIIZ LR
{1 b T

Li'L?MMi}%UJHL, 23T 25 H (3.3 Claik) binb o
o, & B AL, RO 5 2T I AT
L, FRE DT icﬂ"JO)éufn L x 9 ELAME E T

Fig. 8 {20&, ML A REIE TS BTk L Lo LL, BVl L DELAR ) 30O 61D
S ANHOF v UF—a »ORMEKE L U‘o()ppm K 22*Y R AN NO Xy T — L a R v

3.1 JXIADOF v EF— aORH

rs

DI TI LA, 2. 3 Tl B S 1L, o DWW & VIS AC D 7 XV NOUE - A

NEOBIULHNOME L HHIT L2012, Fig 2112 B - BEET A (R v T~ a LI

R AN E N NCVEIRE & TIRIE S AT WL, R ol L AR S S N dr o

LbDThib, FATS & ( it (LJ Ed v U5~ a » ORI W TESH
ALY, Oppm (K) OBFEITIE, T ILONE] 'E‘)J r/)h)f

PASKHLTS 2 2 AL DL CEiE LT SOTURIE S AN BV, HilFy ETF—Ya v

B, 7 ANHNOFy EF— g RN 56 % [,f BB & O v U - D a YRR RERNLL,

A= iSF ¥ EF—3a »r (LTFSCEWS) RETH S 0.7 CHo DT, K A‘f’ MMM 5 & Pz
S ENhr B, SCRERORKE Sikv-Fho Pz L 0.25MPa THESCIRBEZ R L CnAI Eilh b, LIzh s

THRFAGETH Y, 7 ZVHB L HOFEDF v ¢, ARGEIREINZ B )z) AR k vy EF—a sk
T Y OMHL L CETw b, TR, PP & O L D1, SCHRETH D =
i,”iu AS50ppm FEHLOB AR O & LRI, Tor PR A ND,

G L7 SCIRBECd B 2 EAthdb, SC 2RI

Pp==5MPa 10 15

Orifice : Back pressure:
width==0, 46mm P.=0. IMPa
length ==1, 61mm Exposure time 20us

height==0. 39mm

Fig. 8. Cavitation aspects for various injection press-
ures P; and polymer concentration C in the two-
dimensional nozzle,

e s WUTRLA, Thdbb, (o) (o) (el ReNdA b

3.2 WEABSURERE REMNG /B OEREIZ L AHEETHY, b), d), (1
LUF, Fig 2 oZ50ebat /) ZOvic & Dyl a4 % B & OGS & IV 7 BUR I KA B TCH 5,

4o Fig. 10 281 v gL J"d“é";ixxﬁl 2 08B LU

Fig. 924, MIFEoM I L A0S AR Cy % L L"@):Lf:o ZOC, M{EMIEIRE S

A




138

P

Y LRILC, WU ZOL 560D DB OISR
&7 AN EORT I LR L B & Zblmu,
W 1) a1 !)@f?'xﬁ’(/]‘dﬁ?l MR, ol b A
NCwinied, MFEDEIZ L A b~ TmgE i1

fizr i g éoit,kU«ﬁ&cmmkk&éL,

2 QM BA%, C>50ppm Tl & A &52

Chbe =7, CobELR)EBIMLTCHITEALE

LT, ”d“fgcrbf), FyEF—a ks X

)I/'C“‘}}lxﬁilﬁ’“i 558 Uiﬁ:éi (& Lzl < et

RN i, L2xf UCR Y il gh 3
[.‘)af)mum

L, FvEF—32a »yOuWillin 7 X 27
GGk, R e ORI &0, Fokd s
DWORIIBED S U IR 57 2 &S B
v'), SR O A & ORI & HEY B, S BTN
WLLTFCHBCELLER2 D, Fig. S THBEENL L
12, 7 ZWNOBILE 2 A}l/}\ b3l <l M
LCwa SCHtcdh by, JiBm % ds2
T CWEFLAMZH N B 0, BE & ko f@%tiﬁia’if
Zivg L7sdt o C, BEEHEPIOAMIZ T R v
MOMRGHNZ i) 2 ETH L,

l)y;‘»

10+

201

304

40+

50~
i

Fig. 9.

- WY, -

ERNLY R L Ok

Kl

© o8

f=d

5 i

(o]

! 0

& o} e}
8

® D= $0.3mm

g L/D =56

P P=19. 7TMPa(V=151m/s)
807 p=0.1MPa

ray

5
g g
S O
ke
> A 3
o~
[
ES
5 1 © Exposure time 1/30s
>
g & 1 Exposure time 1.1 s
@ i }
0 100

Fig. 10. Effect of polymer additives on spray angle 2 §
and discharge coefficient C,.

Comparison of tap water and polymer solution

jets at different exposure time on spray region.
= 19,7 MPa, P, = 0.1 MPa

.),

)(
{(b),{d).(

8} : exposure time 1.1 us
{1,(h} : exposure time 1/30 s



Fy T =Y a S IO E ) OB

3.3 %ﬁ@#ﬁ*ﬁ _«mﬂy — Spray region s
300 region [fF\

£, WO

)ﬁ;

PO ASRESIZoN

Q O o

THET 2o Fig 11120, KEUEF CAPRUE 2z 3 E?\\\\\EL e
KDBEIEOVTORRES L, &7, WHHIE VIE £ o D‘;L~E~
M BROM LB B &, ARARCU L1t § 5
VORKIZONTREL R, VATSm/s FHE L B a ’ o Loo

" . L T 200F AN o
W AR AR 6N Do T L D HWONFE T K / w
OV ORIIZORT Ly G L, —E I b, 5 A 4 \5 o
DI S ORI & 1 AT 5, g \a

KA, AP B MRS EWTTR O &, g \ékﬁ\ e
WeARAIR & BRI DO B REHCIE, % 2 AJL--
2T &9 1S Ly BRI C & G0 T, 86 Wik o A
BEHOMEIZ LY, SREENT A28 E L 50 700 150

Fig, 12 4243, 8 il % BT 5 il MR % Jet velocity v (m/s)
B LM ORINE I GERETEAMRMIL ) % Fig. 11. Break-up length in tap water.

9 19 29 mm U\ Flow

Loa

|

. e -

0 50 100 750 300 70 300

Fig. 12, Jet photographs at different polymer concentration
on wavy flow region.
Py= 2.1 MPa, P, = 0.1 MPa, Exposure time 1.1 us

139



140 sl Sz« MR - E

RO U GR L, ShE D, Koaizg
il)i‘)n’éd)qiﬁmf‘ Eowa) i‘f@irf-l-‘%ﬂélﬁi@) SHIRII s, &5
RO & 25 &2 AL U BT o BRI 2o Uy
RN SL, K "':"‘ JEorik & &S, IR RO
FHLRIB AR OB R L, /0, 8T (L
Lx/D< L) Tk, BRI 2 MRS <97, Wi da L
WEPEORIG NS R E LT b, 200ppm "ClEmy
e ABHOBHERL T b, Cl(l)Ji ") 1z, sKy=
WEIEORK L & B, PR R e L C
WAL, SFEESIKROME L J‘t/\’C Py o
TWwhb#EZ 55,

SO iR oK E &

bz, MR HOBHI L ST
AL RSN S, OB & A
P2 B R C e MU ¥ e SRS A N S 8 R
WHEAY, E, MREICEF Yy T -2 s MK AEE
MELGIUT, WHE#H :

;“u\“(mt:c;t, U

Fig. 13la)8 BB BT BUH M

0 10 20mm

HLLARAT, (a)B L ULIIB IS VIEE ENY10T/s,
F151m/s T b, C)fl SOGELMNS, Rl
T B VLTI, WEROT N 0 i o5
) EAROBELEENUCHLD0, SRESELE
DD OV ENHNS b, AN wREolE &Sz
BNEIROSEAEDE LS 2% iy, IEofike Lo
WEAR D AN BN Do T b B, ) = i
TERE & G s B L, SRS R ¢, B0 o 2ot
HoOMEER = 1EY g, — I, FvEF—2a 248
f} JANTUE, FrETF—Ta r OB L O
Ue oSl & pHthomiifbr it sy b d, |
RS AL, 5 ORI O S ATE iR il
WO, LIRS S ADTHES S,

F 7z, KB L O < ORI D g s
lLloo COBHIE Fig 8IIRT L H, Fy¥F—Toa

SE DL A L A OB oo 2 il e T
M, W 7 R C O BRI C A v o, A4

L\ _Flow

: i. 1 i
b 50 100

i 1 1 i
150 200 250 300

Pig. 13-(a).  Jet photographs at different polymer concentration

on Spray region.

V= 107 m/s, P; = 9.9 MPa, P, = 0.1 MPa,

Exposure time 1.1

7



For UF = s 2 R BHINA OB & A0 < RO RE 141

0 10 20mm L\ _Flow
O
0 ppm
100
200
x/D L . L ! I ¥ J
0 50 100 150 200 250 300

Fig. 13-(b). Jet photographs at different polymer concentration

on spray region.
Vo= 151 m/s, P = 19.7 MP

a. P, = 0.1 MPa,

Exposure time 1.1 us

DIHIEE 2 SN,
ST, BEOIDIL, FrUEF—La rOhuniEk
E WG L oWl A, Hoyt B

Wi OSaE S
&, IER Eho NSO EHS L,
FEOFELZ BV TR & USSR Y < SO WL onE
AT TS mfis Ty 5 L 2R L, F72,

ARSI, BV BRI LT -8 D RO
VI B W, BT *’/3\“5 i x (22T xld,

XN S ECOME) R v IS ko TR
LienZ &, mgoE ﬂéﬂ’M;’Gi’v” BhEwkbohwvil
PR Cvbh, SRHOWIEREE, ot » U5 -

La rEREbROEEIE, BY RNl CLRE
BEABDS I &R G IBTREELCh
DEZEZ LGNS,

4 #H
Foo U= a 2D M OHM LR Y < imnmo ik
WA S 0102, v T ET LMV D LY
ﬁ!Lf%mmﬁlm&mnkW,MWmmw AR
Wi oo OREN L7z, F 0o/ % 584 ud, ko
L bh,

vy
.

Iy A—=3F v EF—3ar 4’1-’15-:) 1< ‘-3"5|'fﬁ1’;ﬁ‘f:;fjb\'<f
3, RY RN LT R B L
2) g “Liun, N 3% ) R g7 DL IE T8 U Kook
Wb
() PR oS BT, R vl ORI L
LB, WRUERS S REHR IR Y, KA
AL I AT LT b il & 2 5,
i @i’iﬂhﬂﬂlﬁb‘f td, R < 3B O
:’?‘H: T, Fid o /oMK
L MR,
WEERE LY. K,f“«‘m

X

1) R Kobayashi and T. Arai: Prec. 9th Int. Symp. Jet
Culting Technol., 155-164 (1988-10).

2)E e D Lo e, WL ok, "ORC 1975,
P.408.

3) 1. W. Hoyt and . ]. Taylor
Eng., 101, 304-308 (1979).
4) 1. W. Hovt : Trans. ASME, J. Fluid Eng., 98, 106-112

(1976).

s Trans. ASME, . Fhiid



142 IR - ML - = Rl -

5) Kk :if*i’-z‘iﬁ‘fm 1 L BEER B, 45, 7279 (1979)
6) KUFRI=EE - s - aivaRIsk @ MR LER,
482-492 (]977).

7) GHAGER - SRR - R B B, 49, 2886
2891 (1983).

8) WAKIERY  Hr g - Begetiz S B, 51 257
264 (1985).

9) WOKIERY - BrRAERE - RRZ BRI B, 54, 2236
2242 (1988).

10) Kbk - FeREE - WR O # M B R
Al 7 VR (1), B, L, B0, 1966,
p.86.






