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Abstract 

 

The manufacture of plastic bags (HDPE, LDPE, LLDPE) is one of the leading 

industries in the world and has a strong consumer demand for packaging and 

packaging. The research examined the design of the film machine by analyzing the 

model of the bag blowing machine. Since the emergence of the rough and the 

formation of the balloon focus on the cooling area when the formation of the 

balloon and to make the roll to be ready for the stage of cutting (finished product). 

And compared this analysis with machines on the ground. 

 

  



 

 

 المستخلص

  

من مادة البولي ايثلين الخطي والمتدني والعالي الكثافه  تصنيع اكياس البلاستيك 

(EPDHLEPDHLEEPDH)  في العالم والتي تلاقي رواج كبير من قبل المستهلك  همن الصناعات الرائد

ج ذعن طريق تحليل نمورقائق قابله للنفخ البحث تصميم ماكينه  هذا تناول. في تعبئه وتغليف المواد الغذائيه

تركيز على منطقه التبريد عند تشكيل البالون وحتى لمنذ انبثاق الخام وتشكيل البالون .لماكينه نفخ الاكياس

ومقارنه هذا التحليل بالماكينات على أرض ( . المنتج بالشكل النهائي)ه لمرحله القصزلتكون جاه لفةتكون ال

 .الواقع
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Chapter One 

Introduction
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1.1 Introduction 

Film blowing, by which thin biaxial orientated films are produced, is an 

important industrial process with applications in a variety of areas. A 

couple of applications (of many) of the thin films produced are uses in the 

packaging industry and plastic bags. The most common polymer used in 

the film blowing process is low-density polyethylene (LDPE). Other 

polymers commonly used include linear low-density polyethylene 

(LLDPE), high-density polyethylene (HDPE) and polypropylene (PP).  

In this thesis, simplified models to the real world process will be 

considered. Namely, these are the Newtonian, power law and Maxwell 

models. The models are all based on the theory of thin shells [1]. It is 

assumed that the film is thin enough.h that variations in the flow field 

across the thickness are negligible. In each model the assumption of axial 

symmetry is imposed, i.e. the film is assumed symmetric around the 

centerline of the bubble. In the models considered here, the assumption is 

made that gravity effects, surface tension, air drag and inertia of the film 

are all negligible. In most operations, these are valid assumptions.  Gravity 

is more significant for example in thick large bubbles being drawn slowly 

[2].  The effect of a thermal variation along the film is included in the 

Newtonian and power law models with an isothermal viscoelastic model 

being considered with the Maxwell model.     A photograph of a blown 

film is shown in Figure 1.1. This shows a blown film operation using an 

experimental apparatus. Real-world industrial blown film processes are 

several. 
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                                               Figure 1.1: film blowing 
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1.2 Plastic Film Processing 

Plastic films can be manufactured using different converting processes such 

as extrusion, co-extrusion, casting, extrusion coating. These processes have 

advantages and disadvantages depending on the material type in use, the 

width and thickness of film and the required film properties. However, 

blown film extrusion is the first and most suitable process for polyethylene 

film production (Regulation of Food Packaging in Europe and the USA, 

Rapra Technology, 2004). 

1.3 Blown Film Processing 

Blown film process involves the biaxial stretching of annular extradite to 

make a suitable bubble according to the product requirements. During this 

film blowing process molten polymer from the annular die is pulling 

upward applying the take up force; air is introduced at the bottom of the die 

to inflate the bubble and an air ring is utilized to cool the extradite. The nip 

rolls are used to provide the axial tension needed to pull and flat the film 

into the winder. The speed of the nip rolls and the air pressure inside the 

bubble are adjusted to maintain the process and product requirements[3]. 

At a certain height from the die exit, molten polymer is solidified due to the 

effect of cooling followed by crystallization, called freeze line height (FLH) 

and after this point the bubble diameter is assumed to be constant although 

there may be a very little or negligible deformations involved. Molecular 

properties such as molecular weight (both number and weight average), 

molecular weight distribution (MWD), main chain length and its branches, 

molecule configuration and the nature of the chain packing affect 

crystallinity, processing and final film properties. Molecular entanglement 

plays an important role in polymer processing, as it affects zero shear 
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viscosity and subsequent strength of the processed film. Branched chain 

polymers usually have fewer entanglements than linear polymers for a 

given molecular weight, resulting in lower tensile strength and elongation 

to break. The behavior of the branched chain polymers in melt state is of 

major interest with respect to both technological problems and basic 

theoretical questions. Branching, which may be characterized as long chain 

or short chain, can arise through chain-transfer reactions during Page 6 of 

249 

Free radical polymerization at high pressure or by copolymerization with 

α-olefins. Short chain branches influence the morphology and solid-state 

properties of semi crystalline polymers, whereas long-chain branching has 

a remarkable effect on solution viscosity and melt rheology. Hence, it is 

essential to get as much information as possible concerning the nature and 

number of these branches. At a specific draw down ratio (DDR), polymer 

with narrow molecular weight distribution (MWD) shows better blow 

ability than polymer with broad MWD[4]. Molecular orientation imparted 

during the blown film processing from the shearing and biaxial stretching 

action is also known to have a major effect on the physical properties of the 

film. Therefore, molecular properties are important for stable blown film 

processing, film crystallinity and film strength properties. For food 

packaging application, polymeric film must have better optical properties 

(more glossy and less haze) as well as suitable strength and barrier 

properties. Film crystallinity has been discovered as the main factor for 

surface roughness, which affects optical properties of the blown film. The 

crystalline morphology in the blown film is influenced by the cooling rate 

or freezing line height (FLH) along with the molecular structure of the 

polymer. Increasing the cooling rate will result with lower FLH which 

shows a decrease in the diameter of the spherules and will provide lower 

Crystallinity in the film[5]. 
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Figure 1.2: film-blowing process1 
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1.4 Objective of the Research 

The objective of this research in to analyses the process of film blowing in 

order to determine the parameters that affect the design of the film  . These 

parameters are the freeze line position, the blowing air pressure needed, the 

draw ratio needed in the upper drawing rolls. The analytical solution is the 

tool used in this research[6]. In doing this analytical analysis the 

instabilities in the produced film is avoided. 
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2.1 Literature Review 

The thermodynamic behavior of linear and branched polyethylene (BPE) 

blends using rheological methods has been the subject of many studies 

(Yamaguchi and Abe 1999; Lee and Denn 2000; Liu et al. 2002; Ho et al. 

2002; Hussein et al. 2003; Hussein and Williams 2004a, b; Fang et al. 2005). 

It has been reported that the thermo rheological and processing properties of 

the blend are largely determined by molecular parameters, which include: (1) 

long chain branching content (LCB), which is the number of long branches, 

typically branches which have a number of carbon atoms more than 13 

(Wagner et al. 2004; Kissin 2005), (2) compositional distribution (CD), which 

is the number and length of long chain branches for a given LCB 

macromolecule, or the amount and type of commoner in the case of LLDPE 

(Gabriel and Münstedt 2003; Hussein and Williams 2004b; Fang et al. 2005; 

Kissin 2005), (3) molecular weight, Mw (Hussein and Williams 2004b; 

Gabriel and Lilge 2006)[13], and (4) molecular weight distribution (MWD; 

Dealy and Wissbrun 1990). Most studies agree that linear low-density 

polyethylene and low-density polyethylene (LLDPE/LDPE) are miscible 

blends at low LDPE contents, which become immiscible at higher LDPE. [7] 

(Lee and Denn 2000; Ho et al. 2002). Hexene commoner promotes 

immiscibility (Hussein et al. 2003; Hussein and Williams 2004b), whereas 

octane commoner promotes miscibility (Fang et al. 2005). In addition, low 

molecular weight LLDPEs promote miscibility better than high Mw ones 

(Hussein and Williams 2004a). In a recent review, Zhao LDPE blends were 

immiscible in the melt state, with LCB being the determining factor of their 

immiscibility behavior. [8] 
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Recently, Wagner et al. (2004) performed a quantitative analysis of melt 

elongation behavior of LLDPE/LDPE blends. They have reported that the 

complex behavior of these blends can be understood by assuming the 

existence of two phases; one phase composed of the highly branched low Mw 

chains of both polyethylenes and a second phase composed of the high Mw 

chains (mostly linear) of both polyethylenes. Differential scanning 

calorimetry (DSC) thermograms of LLDPE/LDPE blends reported by Fang et 

al. (2005) support the existence of a third phase composed of chains from the 

two polyethylenes that have the ability to cocrystallize, additionall[9] 

Enhancement in the crystallization behavior of BPE blended with linear 

polyethylene (LPE) was explained in terms of co-crystallization due to the 

incorporation of the linear segments of BPE into rich-LPE lamellae and the 

segregation of the most branched chains (Puig 2001). The LLDPE/LDPE 

blend miscibility studies mentioned above make use of thermal techniques, 

such as DSC, and rheometrical techniques, such as linear viscoelasticity of 

blends at different temperatures (Van Gurp and Palmen 1998; Mavridis and 

Shroff 1992; Hatzikiriakos 2000). Failure of time–temperature superposition 

can be interpreted as an immiscibility criterion (Van Gurp and Palmen 1998; 

Peón et al. 2003; Wagner et al. 2004; Pérez et al. 2005). Positive deviation of 

zero shear rate viscosity from the logadditivity-mixing rule is also an 

indication of immiscibility (Lee and Denn 2000; Liu et al. 2002; Hussein et 

al. 2003). The Cole–Cole plot, representation between the imaginary (η0) and 

real part (η00) of the complex viscosity, has been used by several authors as 

criteria for miscibility in polyethylene blends (Kim et al. 2000; Ho et al. 2002). 

The determination of the weighted relaxation spectra based on linear 

viscoelasticity is another method used to infer the thermo rheological behavior 

of polyethylene blends. The spectra have been used to determine whether the 
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blend components are immiscible due to an additional relaxation mechanism 

associated with interfacial tension (Gramespacher and Meissner 1992; 

Lacroix et al. 1997; Fang et al. 2005). In this paper, we study systematically 

the thermorheological behavior of a LLDPE with four LDPEs that have 

viscosity curves that lie above, about the same, and below that of the LLDPE. 

The miscibility of the various blends is studied with DSC and linear 

viscoelastic measurements with the application of several thermo rheological 

complexity criteria [time–temperature superposition (TTS), VanGurp plot, 

Cole–Cole plot, zero-shear viscosity vs composition, and relaxation 

spectrum]. All the methods are compared to check consistency of the results. 

The extensional rheological properties of the blends are also studied to 

examine the effects of LCB and Choi (2006) have reported that LLDPE. [10] 

M.Sabetzadeh et al in his research Study on Ternary Low Density 

Polyethylene/Linear Low Density Polyethylene/Thermoplastic Starch Blend 

Films. 

In 2014, in his work, low-density polyethylene/linear low-density 

polyethylene/thermoplastic starch (LDPE/LLDPE/TPS) films are prepared 

with the aim of obtaining environmentally friendly materials containing high 

TPS content with required packaging properties. Blending of LDPE/LLDPE 

(70/30 wt/wt) with 5-20 wt% of TPS and 3 wt% of PE-grafted maleic 

anhydride (PE-g-MA) is performed in a twin-screw extruder, followed by the 

blowing process. Differential scanning calorimetric results indicate starch has 

more pronounced effect on crystallization of LLDPE than LDPE. Scanning 

electron micrograph shows a good dispersion of TPS in PE matrices. Fourier 

transfer infrared spectra confirm compatibility between polymers using PE-g-

MA as the compatibilizer. Storage modulus, loss modulus and complex 

viscosity increase with incorporation of starch. Tensile strength and 
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elongation-at-break decrease from 18 to 10.5 MPa and 340 to 200%, 

respectively when TPS increases from 5 to 20%. However, the required 

mechanical properties for packaging applications are attained when 15-wt% 

starch is added, as specified in ASTM D4635. Finally, 12% increase in water 

uptake is achieved with inclusion of 15 wt% starch. 

Ulku Yilmazer effects of blending low-density polyethylene (LDPE) with 

linear low-density polyethylene (LLDPE) were studied on extrusion blown 

films[11]. The tensile strength, the tear strength, the elongation at break, as 

well as haze showed more or less additively between the properties of LDPE 

and LLDPE except in the range of 20–40% where synergistic effects were 

observed. The LLDPE had higher tensile strength and elongation at break than 

did the LDPE in both test directions, as well as higher tear strength in the 

transverse direction. The impact energies of the LLDPE and the LDPE were 

approximately the same, but the tear strength of the LLDPE was lower than 

that of LDPE in the machine direction. The comparative mechanical 

properties strongly depend on the processing conditions and structural 

parameters such as the molecular weight and the molecular weight distribution 

of both classes of materials. The LLDPE in this study had a higher molecular 

weight in comparison to the LDPE of the study, as implied from its lower melt 

flow index (MFI) in 0comparison to that of the LDPE. The effects of 

processing conditions such as the blow-up ratio (BUR) and the draw-down 

ratio (DDR) were also studied at 20/80 (LLDPE/LDPE) ratio. Tensile 

strength, elongation at break, and tear strength in both directions became 

equalized, and the impact energy decreased as the BUR and the DDR 

approached each other[12]. 
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3.1 Raw Material 

Polyethylene is a relatively old plastic. Because of the developments in the 

La.st decades many grades of PE are available. The properties of all these 

Grades differ one way or another and can be controlled by: 

• Variation in the degree of short chain branching 

• Variation in the degree of long chain branching 

• Variation in the average molecular weight 

• Variation in the molecular weight distribution 

• The presence of a small amount of commoner residues 

• The presence of additives or polymerization residues 

A-High a density polyethylene (LDPE) 

B- Low density polyethylene (LDPE) 

C- Linear Low-density polyethylene (LLDPE) 

D- Polypropylene (PP) 

3.1.1 High-Density Polyethylene (HDPE) 

Polyethylene high-density (PEHD) is a polyethylene thermoplastic made 

from petroleum. It is sometimes called "alkathene" or "polythene" when 

used for pipes or blow molding. With a high strength-to-density ratio, 

HDPE is used in the production of plastic bottles, corrosion-resistant 

piping, and plastic lumber. 

3.1.1.1 Properties 

HDPE is known for its large strength-to-density ratio. The density of 

HDPE can range from 0.93 to 0.97 g/cm3 or 970 kg/m3. Although the 

density of HDPE is only marginally higher than that of low-density 

polyethylene, HDPE has little branching, giving it stronger intermolecular 
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forces and tensile strength than LDPE. The difference in strength exceeds 

the difference in density, giving HDPE a higher specific strength. It is also 

harder and more opaque and can withstand somewhat higher temperatures 

(120 °C/ 248 °F for short periods). High-density polyethylene, unlike 

polypropylene, cannot withstand normally required autoclaving 

conditions. The physical properties of HDPE can vary depending on the 

molding process that is used to manufacture a specific sample; to some 

degree a determining factor are the international standardized testing 

methods employed to identify these properties for a specific process. For 

example, in Rotational Molding, to identify the environmental stress crack 

resistance of a sample the Notched Constant Tensile Load Test (NCTL) is 

put to use. 

3.1.1.2 Applications 

HDPE is resistant to many different solvents and has a wide variety of 

applications: 

- Swimming pool installation 

- Blow molding film 

- Backpacking frames 

- Ballistic plates 

- Food storage containers 

- Fuel tanks for vehicles 

- Corrosion protection for steel pipelines 

- Folding chairs and tables 

- Geothermal heat transfer piping systems 

- Heat-resistant firework mortars 

- Last for shoes 
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- Natural gas distribution pipe systems 

- Fireworks 

- It is used to produce shopping bags, which are the highest 

consumed bags. The trademarks used in Sudan are: 

➢ Sabic (KSA). 

➢ Altasne (Qatar). 

➢ Rawia. 

➢ Petro rabh. 

➢ Kwaiti. 

➢ Marlex. 

➢ Borouge. 

Each material has different processing technique for example Sabic 

HDPE extrusion temperature is (190-200) °C, while kwaiti HDPE 

extrusion temperature is 220°C.  

3.1.2 Low-Density Polyethylene 

Locally it is called the soft polyethylene all this is material imported form 

sabic .its price is the highest among all polyethylene. 

The low density poly ethylene is used to produce film winded on rolls and 

then cutter and sealed in small shops to produce small bags used for 

packaging of homemade ice-cream , peanuts  , sapwood etc. 

 

               Figure 3.1 Molecular structures for linear and branched poly ethylenes 
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3.1.2.1 LDPE Branching Structure 

Low-density polyethylene (LDPE) is a thermoplastic made from the monomer 

ethylene. It was the first grade of polyethylene, produced in 1933 by Imperial 

Chemical Industries (ICI) using a high-pressure process via free radical 

polymerization. Its manufacture employs the same method today. The EPA 

estimates 5.7% of LDPE (recycling number 4) is recycled. Despite 

competition from more modern polymers, LDPE continues to be an important 

plastic grade. In 2013, the worldwide LDPE market reached a volume of about 

US$33 billion. 

3.1.2.2 Properties 

A density range of 0.910–0.940 g/cm3 defines LDPE. It is not reactive at room 

temperatures, except by strong oxidizing agents, and some solvents cause 

swelling. It can withstand temperatures of 80 °C continuously and 95 °C for 

a short time. Made in translucent or opaque variations, it is quite flexible and 

tough. 

LDPE has more branching (on about 2% of the carbon atoms) than HDPE, so 

its intermolecular forces (instantaneous-dipole induced-dipole attraction) are 

weaker, its tensile strength is lower, and its resilience is higher. [16] 

3.1.2.3 Applications: 

LDPE is widely used for manufacturing various containers, dispensing 

bottles, wash bottles, tubing, plastic bags for computer components, and 

various molded laboratory equipment. Its most common use is in plastic bags. 

Other products made from it include: 
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- Blowing film 

- A piece of packaging foam made from LDPE 

- Trays and general-purpose containers 

- Corrosion-resistant work surfaces 

- Parts that need to be weld able and machinable 

- Parts that require flexibility, for which it serves very well 

- Very soft and pliable parts such as snap - on lids 

 

3.1.3 Linear Low-Density Polyethylene 

It is the best raw material to produce film. it is added to HDPE and low 

density poly ethylene . When added to HDPE the material becomes softer 

and the elongation increase. It is added to LDPE for economic reasons and 

to produce stable bubble. 

There is a major difference between the die used for HDPE and LDPE. 

The HDPE die contains a torpedo while LDPE die does not this because, 

the material of LDPE stick to the torpedo causing trouble. This problem 

is overcome if the LDPE contains anti –tack. 

Linear low-density polyethylene (LLDPE) granules. 

Linear low-density polyethylene (LLDPE) is a linear polymer 

(polyethylene), with significant numbers of short branches, commonly 

made by copolymerization of ethylene with longer-chain olefins. Linear 

low-density polyethylene differs structurally from conventional low-

density polyethylene (LDPE) because of the absence of long chain 

branching. The linearity of LLDPE 

Results from the different manufacturing processes of LLDPE and LDPE. 

In general, LLDPE is produced at lower temperatures and pressures by 
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copolymerization of ethylene and such higher alpha-olefins as butane, 

hexane, or octane. The copolymerization process produces an LLDPE 

polymer that has a narrower molecular weight distribution than 

conventional LDPE and in combination with the linear structure, 

significantly different rheological properties. 

3.1.3.1 Production and Properties 

The production of LLDPE is initiated by transition metal catalysts, 

particularly Ziegler or Philips type of catalyst. The actual polymerization 

process can be done either in solution phase or in gas phase reactors. 

Usually, octane is the commoner in solution phase while butane and 

hexane are copolymerized with ethylene in a gas phase reactor. LLDPE 

has higher tensile strength and higher impact and puncture resistance than 

does LDPE. It is very flexible and elongates under stress. It can be used 

to make thinner films, with better environmental stress cracking 

resistance. It has good resistance to chemicals. It has good electrical 

properties. However, it is not as easy to process as LDPE, has lower gloss, 

and narrower range for heat sealing. 

 

3.1.3.2 Processing 

LDPE and LLDPE have unique rheological or melt flow properties. 

LLDPE is less shear sensitive because of its narrower molecular weight 

distribution and shorter chain branching. During a shearing process, such 

as extrusion, LLDPE remains more viscous and, therefore, harder to 

process than an LDPE of equivalent melt index. The lower shear 

sensitivity of LLDPE allows for a faster stress relaxation of the polymer 
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chains during extrusion, and, therefore, the physical properties are 

susceptible to changes in blow-up ratios. In melt extension, LLDPE has 

lower viscosity at all strain rates. This means it will not strain harden the 

way LDPE does when elongated. As the deformation rate of the 

polyethylene increases, LDPE demonstrates a dramatic rise in viscosity 

because of chain entanglement. This phenomenon is not observed with 

LLDPE because of the lack of long-chain branching in LLDPE allows the 

chains to slide by one another upon elongation without becoming 

entangled. This characteristic is important for film applications because 

LLDPE films can be down gauged easily while maintaining high strength 

and toughness. The rheological properties of LLDPE are summarized as 

"stiff in shear" and "soft in extension". It is not taken in most curbside 

pickups in communities. LLDPE can be recycled though into other things 

like trash can liners, lumber, landscaping ties, floor tiles, compost bins, 

and shipping envelopes. 

3.1.3.3 Application 

LLDPE has penetrated almost all traditional markets for polyethylene; it 

is used for plastic bags and sheets (where it allows using lower thickness 

than comparable LDPE), plastic wrap, stretch wrap, pouches, toys, covers, 

lids, pipes, buckets and ,blowing film, covering of cables, geomembranes 

and mainly flexible tubing. In 2013, the world market for LLDPE reached 

a volume of $40 billion. 

LLDPE manufactured by using metallocene catalysts is labeled m 

LLDPE. 
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4.1 Film Blowing 

One method to produce film is by extruding a polymer through annular die to 

produce a tube and then stretching in two directions by inflation using air 

flowing from inside the annular die (pressure is slightly higher than 

atmospheric pressure)and drawing of the bubble formed .the bubble is cooled 

by an air jet flowing from an air ring towards the outside . 

As a result the polymer solidity forming a frost line .   beyond the foist lire the 

determine of the bubble is practically zero. The bubble is then flattened by a 

set of guide rolls and a set of rubber rip rolls that form an air tight seat at the 

upper and of bubble . the take off at the rip rolls maybe either of constant seed 

or constant torque . 

The film blowing is biaxial orientation .the axial (machine direction ) and the 

air circumferential (traverse direction). The main two parameters are 

i. The blow up ratio BUR (BR)    

ii. Drawing in the machine direction ratio(DR) 
 

Ho , Ro ≡    initial film thickness (die gap) and die radius. 

Hf, Rf  ≡  Final film thickness and bubble radius  

V₀,Vf      ≡  Velocity at die and the upper and end of bubble 

                   BR = 

𝑅𝑓

𝑅𝑜
                       and                 DR =   

𝑉𝑓

𝑉𝑜
    

Volumetric flow rate is constant 

2𝜋 𝑅𝑜 𝐻𝑜𝑉𝑂 = 2𝜋  R 𝑓   H𝑓     V𝑓   

Ho =    
𝑅𝑓

𝑅𝑜
     .    

𝑉𝑓

𝑉𝑜
                           

𝐻 𝑜 =  𝐵𝑟 .    𝐷𝑟  
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The thick guage film thickness is grater or equal to 70 µm . it is in green 

hoase film. 

Garden bags, chemical packaging and heavy duty shrink film. Material used 

is HDPE and PP the thin film thickness is from 25 µm to 60 µm. material 

used is HDPE, LLDPE and LDPE. 

 

                                Figure 4.1: Elements of blown film 

 

 

 

 

 

 

 

 



23 
 

Die recommendation for film blowing: 

Film thickness 

X106 m 

Die gap 

(mm) 

Length 

           Mm 

12.5 ~ 20 0.4 38 

25 ~ 50 0.5 38 

50 ~ 175 0.75  

 

Source: Polymer processing page 60  

Plastic engineering data book: 

Thickness  Die gap 

25 µm  0.5 mm 

250 µm 1.0Mm 

 

 

 

 

The mechanical properties of film is tested by the flowing test methods : 

1)  Tear test : Elmendorf  tear test  

2) Impact test : Dart drop test  

                     ASTM D-1938 

3) Tensile test : ASTM D-882 

The best melt temp. 

LDPE 170 ± 5 OC 

HDPE 190 ± 5 OC 

 

Outside these range the mot. Strength decreases in both directions. 
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              Figure 4.2: Procedure used to start the film Blowing Process  

 

The drawing shows the start-up of film blowing . 

About the frost line the bubble is cylindrical and below it the bubble is the 

surface  of parabloid . such surface is generated by the revolution of 

parabola about the vertical axis  

Check : piskenov , differential and integral calculus  

Page 457 

Z =   
𝑅𝑍

𝐶
        C- constant     
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The surface of revolution about   

Z ~ axis is :    

A = ∫ 2 𝜋 𝑅 √1 + 𝑅`2Zf   

Zo
      dZ     → (1) 

R = c1/2  Z-1   → Rꞌ  = c1/2  (
1

2
) Z-1/2 

Rꞌ2 = 
𝑐

𝑧
   Z-2 

                                          1+ Rꞌ2  = 1 +  
𝐶

4 𝑍
 

R√1 + 𝑅ꞌ 2 = c1/2   z1/2  √
4𝑧+𝑐

4𝑧
 

=  
𝑐1/2

2
 √4𝑧 + 𝑐 

 

 

Substitute in (1) 

                                 A = 2𝜋  ∫
𝑐1/2

2

𝑍𝑓

𝑍𝑜
  √4 𝑧 + 𝑐      dz 

= 𝜋𝑐1/2 ∫(4𝑧 + 𝑐)1/2        dz 

put y = 4z + c → dy = 4 dz 

A = 
 𝜋

4
 C1/2  ∫ 𝑦1/2 dy 

A = 
𝜋  

4 
  C1/2   (

 2

3
 ) [  y3/2 ]𝑦𝑜

𝑦𝑓  

                          A = 
 𝜋

6
  C1/2 [ (4zf  + c )3/2  - ( 4zc  + c )3/2  ]  →(2)            
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Review : binomial expansion 

(1 + 𝑢)𝑛 = 1 + 𝑛𝑢 +
𝑛(𝑛 − 1)

2!
𝑢2 +

𝑛(𝑛 − 1)(𝑛 − 2)

3!
𝑢3 + ⋯ + 𝑢𝑛 

Example 

(a + b)1/2   =  a1/2  [1 + ( 
𝑏

𝑎
 )]1/2 

            = a1/2  [ 1 + 
1

2
   (

𝑏

𝑎
) + 

1

2
 ( 

1

2
−1 )

2
   (

𝑏

𝑎
)

2
  +    

1

2
(

1

2
−1)(

1

2
−2)

6
 (

𝑏

𝑎
)

3
  + …. ] 

= a1/2  [ 1 + 
𝑏

2𝑎
−

𝑏2

8𝑎
 +

𝑏3 

16𝑎3
 + ⋯ ] 

Return to the problem   

(4𝑧 + 𝑐)3/2  = 𝑐3/2  ( 1 +
4𝑧

𝑐
 )

3/2

   

= 𝑐3/2  [ 1 +
3

2
 (

4𝑧

𝑐
)  +

3

2
(

1

2
)

2
 (

4𝑧

𝑐
)

2 
+ ⋯ ] 

=      c3/2  [ 1 + 6 (
𝑧

𝑐
) + 6 (

𝑧

𝑐
)

2
+ ⋯ ]                                             

A = 
 𝜋 𝑐1/2

6
 [(4𝑧𝑓 + 𝑐)

3/2
− (4𝑧𝑜 + 𝑐)3/2 ] 

=  
𝜋𝑐2

6
  [{1+6(

𝑧𝑓

𝑐
) +6(

𝑧𝑓
2

𝑐2
)} – {1+ 6 

𝑧𝑜

𝑐
+ 6 

𝑧𝑜
2

𝑐2
}] 

=  
𝜋

6
𝑐2  [ 6 (

𝑧𝑓−𝑧𝑜

𝑐
) + 6 (

𝑧𝑓
2−𝑧𝑜

2

𝑐2 )] 

= 𝜋 𝑐2 𝑐2[ 𝑐 (𝑧𝑓 − 𝑧𝑐) + 𝑧𝑓
2 − 𝑧𝑜

2]   

But zf  =   
𝑅𝑓

2

𝑐
 𝑧𝑜 =  

𝑅𝑜
2

𝑐
 

C( 𝑧𝑓 − 𝑧𝑐) =  𝑅𝑓
2 − 𝑅𝐶

2  

𝑧𝑓
2 − 𝑧𝑜

2 =
1

𝑐2
 ( 𝑅𝑓

4 − 𝑅𝑜
4 ) 
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∴ 𝐴 =  𝜋 [𝑅𝑓
2  −  𝑅𝑜

2 +
1

𝑐2 
 ( 𝑅𝑓

4 − 𝑅𝑜 4 )   

𝐴 

𝜋
− (𝑅𝑓

2 − 𝑅𝑜
2) =

1

𝑐2
  ( 𝑅𝑓

4 − 𝑅𝑜 4)  

𝑐2 =  
𝑅𝑓

4 − 𝑅𝑜
4

𝐴
𝜋

− ( 𝑅𝑓
2 − 𝑅𝑜

2 )
 

 

Calculate the heat transfers are from heat transfer: 

Q = A h  θm 

 

 

θ m = 
𝑂1 − 𝑂2   

𝑙𝑛 
𝑂1
𝑂2

 = 
150−70

𝑙𝑛(
150

70
)
  = 105 oK  

                     Q = latent heat of fusion 

                                      LDPE = 13.8 ×  104 𝐽/𝐾𝑔  

                                      HDPE=23.15 × 104 𝐽 / 𝐾𝑔 

                                Source : polymer pressing page 107 table 5.9 

 

The transfer coefficient h for forced air  

10 ~ 100 
𝑊

𝑚2  𝑜𝐾 
 .  crawferd page 393 
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For still air is 5 ~10 
𝑤

𝑚2 
 °K  

𝐴 =
𝑄

ℎ 𝜃𝑚
 

For a mass flow rate of 8.33 ×  10−3 𝑘𝑔/𝑠 

(design problem page 247 polymer processing) 

𝑄 = 13.8 × 104
𝐽

𝐾𝐺
 × 8.33 × 8.33 ×  10−3 𝑘𝑔/𝑠 

 

 A=  (13.8 ×8.33 ×10 J/S)/(50 (J/s)/(m^(2 )°K)  ×105 °K )  =0.219 m^2 

𝑅₀ = 3.39 × 10−2 𝑚                𝑅𝑓 = 19.1 × 10−2𝑚 

𝑐2 =  
( 19.1 × 10−2)4 − (3.39 × 10−2 )4

0.219
𝜋

− [ (19.1 × 10−2)2 − (3.39 × 10−2)2]
 

=  
1.329543 × 10−3

0.034378
= 0.038674 

 C = 0.1967 

 

                           The frost line height 𝑍𝑓 =  
𝑅𝑓

2

0.1967
 

𝑍𝑓 =  
(0.191)2

0.1967
= 0.185 m= 18.5 cm 

                      Near the die before the frost line it is a parotid  
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Take a differential element of height dz at distance Z , it's thickness is h and 

radio R . 

The hoop stress σ = 
𝑃𝑅

ℎ
   

P= σ h/R —3 

σ = λ εº 

εº=
𝑐ℎ𝑎𝑛𝑔𝑒 𝑜𝑓 𝑙𝑜𝑛𝑔𝑡ℎ 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡

𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ
 

 

 

Top view element  

εº=  
(𝑅+𝑑𝑅) 𝑑𝜃−𝑅𝑑𝜃

𝑅𝑑𝜃 ∙𝑑𝑡
 

=
1

𝑅
    

𝑑𝑅

𝑑𝑍
 

=  
1

𝑅
        

𝑑𝑅

𝑑𝑡
      

𝑑𝑧

𝑑𝑧
 =

1

𝑅
  

𝑑𝑅

𝑑𝑧
   Vz                                 

 

σ = λ εº   =  
λ

R
 
𝑑𝑅

𝑑𝑍
   𝑉𝑧  

Substitute in (3) 

                                             p=  
 λ  

𝑅2
 ℎ

𝑑𝑅

𝑑𝑍
 𝑉𝑧 

𝑧 =
𝑅2

𝑐
 →

𝑑𝑍

𝑑𝑅
=

2𝑅

𝑐
 

                                                     𝑝 =  
λh

 𝑅2 
  ∙   

𝑐

2𝑅
 𝑉𝑧 

             𝑝 =   
λh c

2 𝑅2 
 V 𝑧  ——— (4) 
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Chapter Five 

 

Conclusion and Recommendations 
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5.1 Conclusion and Recommendations 

Many factories depend on trial and error processing parameters .this is not a 

scientific method and consume a lot of time and produce a lot of scrap 

(recycle) material, instead the analytical method to determine the values of the 

design parameters is the efficient way and it is must be employed. Concerning 

the effect of material property on the design it was discussed in the research 

of Mustafa y. Bakhet that is reference (3) in this study. 

This study shows the role of experience in blending different materials. 

However when doing so the scientific. 

Approach for blending must be used . In fact there is a complicated link 

between processing conditions , machinery design and material properties.  

This need to be studied. 

The best BUR rate is the one at which  

strength in   =        strength in  

MD                          TD 

Best BUR for LDPE is 2.5  

Best BUR for HDPE is 4.0  

Outside these values greater MD > TD 

The MFI is with the range 0.05 ~ 2 
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