Dimensional analysis

The Buckingham m Theorem - If there are m physical quantities con-
taining r fundamental units, then there are m = m — r dimensionless groups

that are independent.

1. Write down all relevant physical quantities and their

fundamental units.

2. Determine 7.
3. Write down the 7 dimensionless groups.

Procedure:

Example: Flow through a circular pipe

T f@r m=a

d_P dynes
dx cm2 s2

(cm?/s)

1dP 1 )
—— only way to get rid of grams

i dx cm s
1 dP 1
M_QE (c@) only way to get rid of seconds
4
P
% Ccli_ (dimensionless)
u@ dx
P pQ
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Dimensional analysis

) ) ) dP  u@Q
D 1 Anal = @ — ~ =
imensional Analysis 7~
Not as useful as the exact result:
AP 8 uQ
L 7Rt
because exact result has the prefactor.
How did we get so much information? We cheated!

Used “experience” to guess that AP and L would only enter as dP/dz =
AP/L, and that the velocity v would only enter though Q.



Dimensional analysis

EXAMPLE: FLOW IN AN EXTRUDER

WL F(Q, Doy by Ny o 1) (o)

dx cm?s?
Q (cm?®/s) volumetric flow rate
Dy (cm)  barrel diameter

hs (cm) flight depth
Nj (1/s) screw rotation rate
?s (dimensionless) helical angle of screw
1 (g/cm s) viscosity
m=7 r=3 =a=m-r=4

TFIow rate, @

7

%B Four dimensionless groups
arrel

Z

%/thht D, @
g . ¢S7h_s7 NSD"?
1adP [ 1
—— (cancels grams)
wdx \ cm s
Dy dP

N do (dimensionless pressure gradient)
HiNs AT



Dimensional analysis

EXAMPLE: FLOW IN AN EXTRUDER

D, dP
> — = f(¢s, Ds/hs, Q/(N;D?
MNS dr f(¢7 / 7@/( s))
Optimum s = 23° (universally utilized)
Most extruders are geometrically similar and designed to provide a certain

pressure at the die:

D,
— = constant

hs

D, dP
uNg dx

If other three dimensionless groups are constant, then the last one must

= constant

also be constant.

Expect Q ~ N,D? (not obvious)



Melt Fiber-Spinning
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Fig. 15.1 Melt strand area and radius profiles in the ‘melt drawdown region: @, nylon 6 at
265°C and takeup velocity of 300 m/min; A, PP at 262°C and takeup velocity of 350 m/min.
(Reprinted with permission from H. F. Mark, in Rhealogy, Vol. 4, F. R. Eirich, ed., Academic

Press, New York, 1969.)



Melt vs. Solution Fiber-Spinning

(a) Mclt Spinning

Feed {———Polymer
. chips
Melting — i /H:.:almg
grid
Mectered ::001
trusion o
v Filter and
spinnerel
Coolingand__ | - Qll':'
solidifying } e
Moisture ———Sicam
conditioning chamber
Qil disc

Lubrication (O and trough

Yam driving—

Packaging

drive =~
roll

(b) Dry Spinning

.= |—Fillcred
Feed - | polymer
solulion
Mc!cr(-:d i
extrusion
-—Filter and
spinneret
Solidification
by solvent g Heated
cvaporation chamber
Feed roll
Air and guide
Lubrication— intake /
Yarn driving
Balloon guide —
Packaging

Ring and traveler —
Bobbin traverse —

Spindle——

() Wet Spinning

Filtered polymer
Feed / derivalive or
polymer solution
Mctcn':d Pump
cxlrusion
Solidification; —— Filter and spinncret
dccomposilion
of soluble ___— Coagulation or
derivalives; regencration bath
or solvent
removal
Stretch
Batch Process

Packaging Bobbin

[[D or cake
Wel trealing ™

Lii| —Forced circulation

I of reagenls, or walcr
Washing il > Cakes
il
. Drying

Drying oven

Fig. 11-1  Schematic diagrams of spinning processcs [1].



PIPE EXTRUSION: Die Swell is Crucial!
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Mandrel support die (principle). I Mandrel tip, 2 Mandrel support, 3 Spider leg,
4 Centering screw, 5 Die ring, 6 Relaxation zone

Mandrel Supports:

Offset spider legs Tangential spider legs

/

Support ring



Profile Extrusion
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Sheet Processing
SHEET EXTRUSION

1 2

Fig. 5.11 Flat slit die for film extrusion. I Lip, 2 Choker bar, 3 Manifold, 4 Island, 5 Flex
Lip, 6 Manifold, 7 Body of the die, § Land, 9 Choker bar (locally adjustable), 10 Lip

(adjustable)
Jﬁ | -3 Section A-A
3
| 4 \
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Fig. 512 Flat slit die for the extrusion of sheets. I Lip, 2 Choker bar, 3 Manifold, 4 Island, 5
Choker bar (locally adjustable), 6 Body of the die

Principle of the coathanger manifold



Sheet Processing

CLAM SHELLING IN A SHEET DIE

= Mell sireom

Coathanger

f i manifold

Typical pressure distribution in a flat slit die

Figure 1: Pressure is very high (100atm) at the center of the die.

Clam shelling due to internal pressure in a flat slit die

Figure 2: High pressure causes die to creep. After extensive extrusion, sheet
will be thicker in the center.



Sheet Processing
POST-DIE SHEET FORMING

Cooling and
polishing rolls
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Figure 1.5 Schematic view of an inverted “L" calender plant for the production of
plasticsheeting. Molten polymer is dropped into the calender system at A. Continuous
sheet is formed by passing the melt between the rolls. One of the surfaces is given
texture by an embossing roll, B, Thickness gauges, C, provide data for control of the
process. The sheet is cooled, D, tensioned using wind-up accumulators, E, and accu-
mulated on the wind-up roll, F (Holmes-Walker, 1975).



COEXTRUSION LAYER PACKS

<— A - Structural Layer
" B - Adhesive

<— C- Barrier Layer
™ BT . Aghesive

+— AT - Structural Layer

Figure 5-2 Typical structure of a five-laver coextrusion. Courtesy: Dow Chemi-
cal Company.
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Figure 5-3 Typical coextroded structures containing recycled material in addi-
tional layers. (a) Six-laver zssymetriczal structure. (b) Seven-layer symmetrical
structure. Courtesy: Dow Chemical Company.



COEXT [ON
BARRIER POLNRIERS

Table 5-1 Barricr Propertics of Commercial Polymers

Transmission, cc mili100 in.%24 h

Oxygen Moisture Vapor

Polymer 25°C, 65% RH 40°C, 90% RH
EYOH. 0.05-0.18 1.4-5.4
PVDC 0.15-0.90 .1-0.2,
Acrylonitrile 0.80 5.0
Amorphous nylon 0.74-2.0 —
Oriented PET 2.60 1.2
Oricnted nylon 2.10 9.0
Rigid PVC 14.0 3.0
LDPE 420 1.0-1.5
HDPE 150 0.4
PP 150 0.69
PS 350 7-10

Source: EVAL Co. of America. Plastics Packaging (July/August 1988): 19-21

EVOH (ethylene-vinyl alcohol) random copolymer with 30%E
PVDC (polyvinylidene chloride) [CHyCCly]
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Figure 5-5 Comparison of barrier properties of various polymers used in packag-

ing. Barrier ratio-thickness ratio to reach equivalent barrier. Courtesy: Plastics
Engineering (May 1986).




COEXTRUSION
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Fig. 6.2 Feed block (System Dow) for bringing melt streams togcther before the flat slit dic.
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FILM BLOWING
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Fig. 7.1. Extruder and die in a film blowing unit (after Cogswell).
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Fig. 7.2. Die, ‘bubble’, and take-off equipment in a film blowing unit.



FILM BLOWING

Figure 37. High-output line for LDPE blown film. (Photo: Windmoller und Holscher, Lengerich, We
many)



Die for coating the foil strips Calibration device (block)
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Wire Coating

guide
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Combination of Poiseuille flow (pressure driven) and Couette (drag) flow due

to the moving wire.

More on Wire-Coating in the NEXT LECTURE
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Text Box
More on Wire-Coating in the NEXT LECTURE


Sheet Processing
THERMOFORMING

R.G. Griskey, Polymer Process Engineering, chapter 10

J. Florian, Practical Thermoforming (Marcel Dekker, 1987)

Extrude a Sheet, Clamp it, Heat it up, and ...

A. MATCHED MOLD FORMING

Pressure

f

B. SLIP FORMING
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Fig. 10-2 Thermoforming classifications [2].




VACTORY FORNING
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Fig. 10-8 Methods of straight vacuum forming [2]



THERMRERRING

PROPER VENTING

ATMOSPHERIC PRESSURE

290 / Florian

elf seal sclf scal
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self scal
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FIGURE 75 Mold with correct vacuum hole placement: (1A) forming
begins satisfactorily; (1B) full detailed forming is made.

1 M PRO PEﬂ \l’ ENT l N G’ Molds for Thermoforming / 291

ATMOSPHERIC PRESSURE

solf saal sclf scal

2A

solf seal sclf scal

vacuum
28 SOURCE

FIGURE 75 (continued) Mold with incorrect vacuum hole placement:
(2A) forming will begin cqually well; (2B) centrally Jocated holes cov-
ered by forming plastic with some trapped air behind.



pRIESSCRE RS D

To exceed AP = 1 atm. use pressurized air.

COMPRESSED AIR

"‘UI‘MIMI IR, seat [

FIGURE 76 Overpressurized forming condition: (1) incoming pres-
sure force; (2) undersized or small number of vent /vacuum holes;

(3) restricted vent/vacuum channel; (4) tragged air Eockets.

Avoid trapped air by using vacuum.





