
i 

 

 

 

 

 

 

 

 

 

 



ii 
 



iii 
 



iv 
 



v 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



vi 
 

 

 

 

 

 

 

 

 

 

 

 

 



vii 
 

 



viii 
 

 
 

 

 

 

 

 

 

 

 

 



ix 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



x 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xi 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xii 
 

 



1 

 

 



2 
 



3 
 

 

 

 



4 
 

 

 



5 
 

 

 



6 
 

 

 

 

 



7 
 

 

 

 

 

 

 



8 
 

 

 



9 
 

 



10 
 



11 
 

  

 



12 
 



13 
 

 



14 
 



15 
 



16 
 

 



17 
 

 

                  



18 
 



19 
 

 °



20 
 



21 
 

 



22 
 



23 
 



24 
 



25 
 

 

 

 



26 
 



27 
 



28 
 



29 
 

 

 

 



30 
 



31 
 

 



32 
 



33 
 

 



34 
 

 

 



35 
 



36 
 

 
 

 

 

 

 

 



37 
 

 

 



38 
 



39 
 



40 
 



41 
 



42 
 

 

 



43 
 

 

 
 



44 
 



45 
 

 



46 
 

 

 

 

 

 

 



47 
 

 

 

 

 

 



48 
 

 

 



49 
 

 



50 
 

 

 

 

 

 

 

 



51 
 

 
 

 

 
 

 



52 
 



53 
 



54 
 

31.1

47.5

20.1

25.5

40.4

29.6

35.032.9

45.9

19.9

25.4

41.7

31.8

33.8

0

10

20

30

40

50

60

M
P

a

Tensile Stress

Single Nozzle Multiple Nozzle



55 
 

 

 

 

1,005

1,397

948

1,033
1,256

1,027

1,211

1,050

1,355

933

1,021

1,258

936

1,177

0

200

400

600

800

1000

1200

1400

1600

M
P

a

Young's Modulus

Single Nozzle Multiple Nozzle

5.0

4.2 4.1

4.7

6.2

5.7

7.6

4.7
4.6

5.7

4.2

7.1

6.4
6.2

0

1

2

3

4

5

6

7

8

m
m

Tensile Elongation at Break

Single Nozzle Multiple Nozzle



56 
 



57 
 

 

 



58 
 

 
 

  
   

   

 

 



59 
 

 

 

 

 



60 
 

 

 

 



61 
 



62 
 



63 
 



64 
 



65 
 

 



66 
 

 

 

 

 
 

 



67 
 

 

 

 
 

 



68 
 

 

 

 

 

 



69 
 

 

 



70 
 

 

 



71 
 

 

 

 



72 
 

 
 

 

 
 



73 
 

 



74 
 

 

 

 

 



75 
 



76 
 

 

 

 



77 
 

 

 

 

 

 



78 
 

 

 

 

 

 

 

 

 

 



79 
 

 

 

 



80 
 

 



81 
 



82 
 



83 
 

 

 



84 
 



85 
 



86 
 


