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Influences of Polyurethane Nozzle Shape on Mixing Efficiency
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For reaction injection molding (RIM) polyurethane was mixed in the mixing head by impingement
mixing, injected into the mold, and cured quickly, as soon as the mold is filled. The shape of the
nozzle in the mixing head is critical to improve the quality of polyurethane. To achieve
homogeneous mixing, an intensive turbulence energy in the mixing nozzle is essential. In this
study, a mixing nozzle for RIM was designed, and mixing efficiency was investigated based on
experiment. Experiments were conducted with different combinations of nozzle tips and exit
diameter to measure the mixing efficiency by measuring jet force and investigating mixing image
with high speed camera. Jet force increased gradually and reaches steady state conditions. The
Jet force depended on shape of nozzle tip and outlet sizes. These results suggest that optimized
nozzle configurations are necessary for high efficiency mixing with RIM.

KEYWORDS: Reaction injection molding (£t AtE &), Mixing head (U4 & =), Mixing nozzle (U4 = &)

%/J & (Reaction Injection Molding, RIM)-
+ Z99E Y (Chamber) WA s
e AZE el 23 wEA7E TS
x4 & o EYf-uer wxolth. &
2] Z(Polyol)3} ©]AA]o}u| o] E(Isocyanate)
oA aEHo R FAlete] EFHE
$F Hxste AAAFE F

o
¥ YL A% WeAEY

gul

1
7

it olo
>

)

'}

bl

=)
)
rlo
foy TN
it

oo 2 N aft ot oy (Z
o
o

- rlo ox & X
2 oy
)
rlo
ol
?{_1‘

“
2
o
N
il
ot

Mo g
=
o
o
X,
off
g
T
z
Kl
X,
off
o

Copyright © The Korean Society for Precision Engineering

F sk’

53], ZY9de F42 3495 2%, &
2, % o & 14 A =(Mixing head)®] &
o 9y A we AAdEn” el
o AHEH = MY = FEE Fig 13 22 T
2 FYEI o|hAohlolEE BAM & de
T Y =ERe FE S TAHo] HHHE &
3+ AW (Mixing chamber), Z18]1 E31Eo] ¥
= ETHE AEEY At =57 dee 4
Aste AAE =2 £t (Nozze holder) 84, ==&

5 ®(Nozzle needle tip) 217, =% F(Nozzle

cone) =7 74 & & F Aduh!

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which

permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



ror

=Y UZES R M 33FH A 135 pp.31-35

January 2016 / 32

(a) Mixing head

(b) Cross section

Fig. 1 3D & cross section geometry of mixing head
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Fig. 2 Nozzle of mixing head design parameters

Table 1 Experimental conditions
Needle distance from outlet (A) 1,2, 3mm
Diameter of nozzle needle tip (B) | 91, 1.5, 1.8, 2.0mm
01.5,2.0,2.5,3.0,

Nozzle exit diameter (C)

3.5, 4.0mm

Density of mixing fluid 0.864kg/l
Viscosity of mixing fluid 40cp
Pumping pressure 40bar

Force sensor
—

Regulator

o

Fig. 3 Jet force measurement setup with nozzle
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Measuring force : R

Force sensor-

Control bolt

Jet force : F

Fig. 4 System configuration of measuring jet force
Mixing fluid out

% High speed camera

=

Insert nozzle

Fig. 5 System configuration of mixing efficiency

measurement
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Fig. 6 Nozzle jet force characteristic with nozzle exit
diameter and needle diameter

(Reynolds numbers)® #|o]&= = Re=pvd/u=

oG # 9or], dt xF 4%, v mBA 2
R SR R o A UE, 28 e fA
o AEE UEIGS delrx b Re A%

Fo A4 kM o] W ez S KA &
wol Wdlan AL wF Do) e BA)
2% A mws] g8 PAEe 2489,
Fig 68 w29 4o we 2AES e 2
0% wZ 7 470 ALFH Aol AAe
A nal AW 27 470 3mm o4 2
Sl @AEe] A4 Ag wolw gtk
oeld wZ F7 Aol wE PAY Wit %
T Aol Ao 7] FReIAE delEz & 3
a2 2 Gfol Wold 4 Uee Helw £
282 Eol7] AAAE 3mm oo ETPAAL
Aok e RS & & Atk 4@ e o
dvls HHe) mZelA F79 WHo] o}
WA el ghavt wa g

of W wZ uR FF deis $Ab deel B
Ge o AHolA BAE WAL Fo| o}
A} oleje SAL Fig 79 % ATINE
Qe A4S WA wE 7 A%l AAW 2
AR W FAEAR, 27 470l 3mm,
3smm olAE o ol 3 F7b glol 94



ok

I USS3(X M 33# H 12 pp.31-35

January 2016 / 34

24
22
20
18
= 16
g 14
= 12
8 10
S 24
=22
2 2
= 18
16
14
12 —0—02.0mm

1.5 2.0 2.5 3.0 3.5 40 1.5 2.0 2.5 3.0 3.5 4.0
Nozzle exit diameter [mm]

Fig. 7 Flow rate characteristic with nozzle exit diameter
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(a) Imm (b) 2mm (c) 3mm

Fig. 8 Mixed flow image with diameter of nozzle
needle tip 1.5mm and nozzle exit diameter
3.0mm at nozzle needle distance from outlet 1, 2

and 3mm

(a) Imm (b) 2mm (c) 3mm

Fig. 9 Mixed flow image with diameter of nozzle
needle tip 2.0mm and nozzle exit diameter
3.0mm at nozzle needle distance from outlet 1, 2

and 3mm
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Fig. 10 Standard deviation of mixing efficiency at
nozzle distance from outlet 1, 2 and 3mm
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