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Section 1.2. Designed/Undesigned Scrap/Cost
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Section 1.4. Historical Backgr ound
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Section 1.5. Numerical Simulations
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Section 1.6. “Integral” Models
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Chapter 2. Basic Fluid Mechanics
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Section 2.2. What is �uid? Shear streass
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Chapter 2. Basic Fluid Mechanics
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Chapter 3. Dimensional Anal ysis
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Section 3.2. The processes in die casting
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Chapter 3. Dimensional Anal ysis
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Section 3.2. The processes in die casting
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Chapter 3. Dimensional Anal ysis
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Section 3.2. The processes in die casting
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Chapter 3. Dimensional Anal ysis

pressure

� 4 54
f3 N/OAE

N �

��� .�* 4

�

3^


���

N�3 * 6�N

�#�


'3)4

�

5o0�3 N%	�	�
f3)4 -
4

�

5o0m3j. -/N�	�	

1`6
N

@

.�


�
�

Im3 2;� I�2�Nm3 4

�

7�6m4 	 - I�	 N`-�I

� @

NHN�	 7%4�� I
7�N

�

I�	��f� . 3A7%4�� NH.��k7�6�N

$

3�	 7^0f6�I�	 N'E

Y

�

2'6�.�*

;

7�6�N 

7%4�� 4 -
4

�

5 7�6�N 7%4�� N(.��

>

E

>

ß

�

	 N -'�"7�6
N

.

4 	 -/.(	�4 7�2 .�� I��,
(�(4

�


�� 7�6�N

@

.4


�
�

I�3 26� I�2�N�3 4 	H.�� 7�6
N

7�6�4 -
"

�

N%	�	D.��

>

E

=

P

�

�;�E��* 6�4 -�6 4

�
�

4 - I
7�N 7�6�I
7!�1.�*<4 	S� I�� 4

�

Im3FE

‰‹ŠbŒ

Z\[2]'^ �

. 4

�

-
�,


�

N

�

4�� N

�

	�4 .

�

I��kI

�

I�� 2�	�4 	 .@�D7�6�4 	OI�	�0mN -�7<H

5

4�� 4�� I�3 7�.

5

7�3jN�N�7�Nm3 0m3 N%	 N

�

7 I
7%4 .

�

*H4 7�6

I

���

4 7%4 .

�

I��

�

4 	 -�
E	�	�4 .

�

I

@

.4

7

@

3rI

�

-m6m4

�

5e4

�

4

�

	�7 I

�

7 I

�

N�.4
�	<	 7 Im3 7%4

�

5=�1.�* E/��� .�*T	�*`4 7 -�6�4

�

5 7�.

7�
f3

@


�� N

�

-/N 0�I
7F7�Nm3

�Y@

2Y0m. . 3

�

N�	�4 5

�

4

�

-m3 N
I�	 NU3jN�	�4 	�7 I

�

-/NO4

�

7�6�N � 4

�(�

� N .�� 7�6
N

$

�,� 4

�

5o0m3 . -�N�	�	

4

�

.

�

N

@

3rI

�

-m6F*`4 7�6 7�6�N(0m. . 3

�

N�	�4 5

�

E^G 3rI

�

-m6m4

�

5 4

�

3�


�(�

Nm3 	�2�	�7�N@� 4 	

�

4 	 -

�	�	 N

�

4

�

-�6�If0 7�N�3

\

‰‹ŠbŒ

��������� � �!*����45%�3&#1

Y

�,�?7�6�N

�


�� Nm3)4 -�I��_	�4��;
�� I
7%4 .

�

.��

�

4 N

$

�,� 4

�

5oI�3 N

�

.

�

N I��,� .(	�7`N�'�-��,
E	�4

.

N@� 2CI�	�	�
�� 4

�

5C7�6�I
7`7�6�NH�1.�*

4 	 7�
f3

@


�� N

�

7 I

�
�

-�.

�

7%4

�


�.4
�	

K

�

.o7^* . 0'6�I�	 N#�1.�*

Q

ER 

�

7�6�NR	 N -�7%4 .

�

OAE OAE

ß

I

�

4 	%-

�	�	�4 .

�

I

@

.4

7H7�6
N

N�''4 	�7�N

�

-�N .@�J7�
'3

@


(� N

�

-�N I

�
�

* 6�I
72"�4

���

.@�f� .

�

N@�f4 	DIf0f0m3j.10m3)4 I
7�N . 3

�

.m7^I�3jNO0m3jN�	 N

�

7�N

�

Eh1H6�N;� 4 U�
m4

�

� N/7 I�� N

�

7�Nm3�	 7�6�NY-�I

.

4 7 2oI�	(I

�

.

�

K -/.

�

7%4

�



.�
E	F�1.�* E

Y

-/7�
�I��,� 2

;

4 7(4 	U0�3 N�� Nm3�3 N

�

7�6�I
7 7�6�NH�1.�* *`4��,�

@

NYI
7�.4� 4 -�N

�

K

	�0m3rI/2

Q

E ] 6�4�� NU7�6�I
7 7�6
N�3 No4 	(-�.

�

	�4

�

Nm3rI

@

� Na� 4 7�Nm3rI
7�
f3 NYI

@

.�
 7R� I

�

2o5�N�.�� N/7�3)4 N�	

�

.

�

� ��� ��
 �%� ���!
 � #T
	N9j�"��%� ���(k�
ok���



	N9j�"��T
�� j��'� “ 
�� � j����	� ����� �9k���
 �

� �&����� �T
	N9j�"��> �
 � � �  �
	� ����� 
 
	�� ��

4

��� j� �� � )

I

.

I�4�� I

@

� N 7�. 7�2'0�4 -�I��

�

4 N`- I�	�7%4

�

5(-/.

�
$

54
f3rI
7%4 .

�

	
	
EX1`6
N��1.�*9-�I

�O@

N I
7�.4� 4 -�N

�

I�	 N�4 7�6
N�3 4

�

IR� I�� 4

�

Im3

. 3"7�
f3

@


�� N

�

7 3jN�5 4 .

�

EW1`6
N N�'f0mN�3 4�� N

�

7�	

@

2 7�6�NOI�

7�6
. 3 I

�
� @

2 .m7�6�Nm3�	2	/6�.�* N

�

7�6�I
7 7�6
N;�1.�* 7�
f3

�

	

4

�

7�. 	�0m3jI�2U4

�

� I

�

2 - I�	 N�	

K

5

N N � 4 54
f3jN�	<O?E

à(Q

E

�<¹C¶OÁ À�¿;Å�¸\¯ ¶)¾�³@®)µS—8¹�±t¯ ¶m³@®)µ�¸ÊÅ�¶O¶)µ)¸�°�À)°�³�µ)ºGÈ�¶)¹�Ö�Á Á ¯ ¶)¾�¹ ·>³@®)µBÃ&²�Ú�¯ ³\À

�
Õ!˜�Å)°�³U±>¹C¶)¿Oµ)¸>±U®)¹�±>µ ¸yµ�³@®)µ�¹CÄ�Ä�¹�°=¯ ³�¯ ¹C¶�³�¹9³@®�¯ °D¸_µQ°�µ�²)¸_Ã)®�ÝšÄOµ)¸*® ²OÄ)°�¹C¶ µ�¹ ·�³@®)µ9¸_µ<·\µ)¸_µQµ&°�²)°Æ¯ ¶�³@®)µmÛ3ÄOÄ�µ ¶)¿C¯ Ô"Û

·\¹O¸�³@® µ�²OÁ ÁCÃ)Á Å)µQ°BÕ0® ²�Ú)µ�¸_µQÃ&µ�¯ Ú µQ¿�Î

-/.10�2'3)4 516
798

:<;1=�>'>�>?;A@

2CBD3FEHGJI�3LK$MON�4L3 PRQ�S�TUQ�S�V�WYX%Z'[�\(]^W ]`_
W \La%Q
b
cedf[�W%a

d�Z'g�WihjZ�\kX%Z'[`TlZmd�S%X noc�p S/qmb S
\rb a%]Dn -






Section 3.2. The processes in die casting
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Chapter 3. Dimensional Anal ysis
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Section 3.3. Special topics
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Chapter 3. Dimensional Anal ysis
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Section 3.4. Estimates of the time scales in die casting
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Chapter 3. Dimensional Anal ysis
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Section 3.4. Estimates of the time scales in die casting
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Section 3.4. Estimates of the time scales in die casting
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Chapter 3. Dimensional Anal ysis
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Section 3.5. Similarity applied to Die cavity
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Chapter 3. Dimensional Anal ysis
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Section 3.6. Summar y of dimensionless number s

� ���	Š �
� ^bŠ Š� #� !+[ �

�

?

�

f

(

�

C � �

�

�

�

C �

�

�

ˆE‰!Œ�’9Ž�“�•�—^‘?”2’K• •Y˜N™)›] �• ŠK”G•Y‘EŠp‰]—(• ŠpŠKŒ;Ž�‰G’K• •Y˜

ˆE‰!Œ�’Ä’2“�Œ;˜EŠp‰�“~’2“ Œ;˜�Š)Ž�•�“}’=™G›�”G•^˜E—^‘?”2’K• •Y˜

Ôr“3•H˜%«�•=Œ;˜�˜%‘;•�™�‰�“�• Š¤Œ�•9‰!ŒEŠG‘;“�‰V•�–[’2ˆE‰9•H•�Ž�•�“ª’pŒ;˜E”)‰5•�–D’2ˆ�‰5 �• Š8”)•Y‘EŠÄˆE‰!Œ�’K•H˜EŸ+“ª‰�• Œ�’K•  �‰5’2ˆE‰$”G•^˜E—^‘?”2’K•  E‰

ˆE‰!Œ�’0’2“�Œ;˜EŠC–,‰�“€kr‡@ˆ�• ŠV˜%‘;•�™�‰�“‚• ŠÄ•H•�Ž�•�“ª’pŒ;˜!’¤•H˜9”)ŒEŠ8‰)Šr£9ˆ�‰�“ª‰�• Œ�“ªŸ%‰V �‰�• •�”E• ’.›=”?ˆ?Œ;˜�Ÿ%‰)Šr•(”)”?‘;“�Š�•� E‰�“[Š)ˆ�•�“ª’

—(• ŠC’pŒ;˜?”G‰)Š]Š)‘E”�ˆFŒEŠ�•
‘;™�“,• ”!Œ;˜!’ �Y•E£ iCŽ�‰�“.ˆ?Œ;Ž�Š

§

�Y•E£ •H˜b’2ˆ�‰xŸ;Œ�’C‰�n)k �}˜F—(• ‰b”)ŒEŠp’K•H˜�ŸS’2ˆ�• Š�˜%‘;•�™�‰�“9ˆEŒEŠ

ŠG•=Œ;•
•� ?Œ;•
‘�‰!Š$•H˜?—(• ”)Œ�’K•H˜EŸ�’2ˆ?Œ�’9Ž�“�Œ?”G’K• ”)Œ;•
• ›]’2ˆE‰9 �• Š8”)•Y‘EŠ=ˆ�‰�Œ�’K•H˜�Ÿb• Š=˜�•�’@•H•�Ž�•�“ª’pŒ;˜�’)k

Zƒ^ ���\Š� #� !+[ �

�

/ �

(

� ���

�

���

$?•�“0• —%‰!Œ;•%Ÿ;ŒEŠ�i3Ÿ�•�•(—NŒEŠpŠ)‘%•�Ž!’K• •^˜=–,•�“"’2ˆ�‰+•�• ‹E’2‘%“�‰]•�–0’2ˆE‰=Ÿ;ŒEŠ=• ‰!Œ� �•H˜�Ÿ+’2ˆE‰�”!Œ� �• ’�›�nGk � ’_™�‰�”G•Y•9‰)Š

�

/

œ

�

(

	 


g

�

�

”�ˆEŒ�“�‰!”2’C‰�“,• Šp’K• ”9 �‰�• •�”E• ’.›

Ÿ;ŒEŠ5Šp•Y‘;˜?—+ �‰�• •�”E• ’.›

Ö+Œ?”?ˆ]˜;‘%•�™�‰�“[—%‰G’C‰�“�•�•H˜E‰5’2ˆ�‰@”�ˆEŒ�“�Œ?”G’C‰�“3• ŠC’K• ”V•�– �Y•E£7•H˜$’2ˆ�‰V E‰�˜�’0Šp›�Šp’C‰�• £_ˆE‰�“�‰V’2ˆ�‰$Œ�•H“��EŸ;ŒEŠ" E‰�• •(”E• ’.›

• Š=“ª‰�Œ?”?ˆ�•H˜�Ÿ�’C•�’2ˆ�‰�ŠGŽ�‰!‰!—�•�–¯Šp•^‘%˜?—Dk¯‡$ˆ�‰]Œ�•H“0• Š5”?ˆE•�”�«2‰!—�Œ�’w’2ˆE‰_ E‰�˜�’Ä‰G‹�• ’5Œ;˜E—b•H˜�Š8•Y•_‰�”)ŒEŠ8‰)ŠV•�’2ˆE‰�“

• •(”)Œ�’K• •^˜�Š5ŒEŠ5£¤‰�•
•%–,•�“~ EŒ?”�‘%‘;•t �‰�˜!’K•H˜EŸ[k��}˜�Œ�’2•_•%ŠGŽ;ˆ�‰�“,• ”9 E‰�˜�’K•H˜�Ÿ+’2ˆE‰��Y•E£ • Š=˜E•�’V”�ˆ�•(”�«/‰�—+–,•�“¤• Œ�“ªŸ%‰

Ž�•�“ª’K• •Y˜x•�–5’2ˆE‰OŽ�“�•�”)‰)Š8Š!kyÖ�•�“ª‰!•� E‰�“

§

’2ˆE‰ �Y•E£

§

•H˜b£¤‰�•
•D—%‰)Š2• ŸY˜x E‰�˜�’�ŠC›EŠC’C‰�•

§

• Š�˜E•�’]”?ˆE•�”�«2‰!—Dk

�

‰)’

’2ˆE‰FŒ�•H“V �‰�• •�”E• ’.›A• Šx• Œ�“�Ÿ�‰b‰�˜�•^‘�Ÿ^ˆFŠ8•|’2ˆEŒ�’]’2ˆE‰PÖ�Œ?”�ˆA˜;‘%•�™�‰�“�ˆEŒEŠ�’C•¡™�‰b’pŒ;«2‰�˜|•H˜�’C•qŒ?”)”)•Y‘;˜!’�–,•�“

“�‰!ŒEŠp•^˜EŒ;™;• ‰]”)Œ;• ”�‘%• Œ�’K• •^˜�•�–"’2ˆE‰
�

�Dk

�
�

[
�EŠ# ���!+[
�

�
�

�

���


��

�����

�

���

�����

�

�

�

�
�

�

���

�




-

�

�

�

 

�

�

$




-

�

�

�

‰ %�‰!”G’K•  �‰�ŠC’pŒ�’K• ”+Ž�“ª‰!ŠpŠG‘;“�‰=‰�˜�‰!Ÿ�‰�“}›

Œ� ?Œ�“�Ÿ�‰+«2‰�˜�•H•9Œ�’K• ”9‰�˜E‰�“�Ÿ�›

�

˜E‰�•�–~’2ˆE‰�•�‘�Šp’@•H•�Ž�•�“ª’$˜;‘%•�™�‰�“0•H˜�’2ˆ�‰+Ž

���

—�• ŒEŸ^“�Œ;•-”)Œ;• ”?‘;• Œ�’K• •Y˜�• Š

�

,G‰�“�˜;‘;•�™�‰�“&k�‡@ˆ�• Š_˜;‘;•�™�‰�“

“�‰�Ž�“�‰)Š8‰�˜�’w’2ˆE‰�ˆ�•E£ Ÿ�•�•(—+’2ˆ�‰�“�‘;˜%˜E‰�“0• Š$—%‰)Š2• ŸY˜E‰!—Dk

������ KŒh[ Š� #� !+[ �

$

?

�

�

(

�

C
�

�

�

�

•H˜�‰�“}’K• Œ;•%–,•�“�”)‰)Š

ŸY“ Œ� �• ’.›]–,•�“ ”G‰!Š

$

?

˜%‘;•�™�‰�“^“�‰�Ž�“�‰)Š8‰�˜�’[’2ˆE‰@“ Œ�’K• •$•�–;’2ˆ�‰wŸY“ Œ� �• ’�›w–,•�“ ”G‰!Š�’C•@’2ˆ�‰$•_•Y•_‰�˜!’2‘;•P–,•�“�”)‰)Š�k�� ’¯• Š‚ E‰�“ª›_•H•�Ž�•�“}’pŒ;˜�’

•H˜�—%‰G’C‰�“�•�•H˜�•H˜�Ÿ�’2ˆE‰�”�“,• ’K• ”!Œ;•%Š)• •E£ Ž;•
‘%˜EŸ�‰�“� �‰�• •�”E• ’.›�k�‡@ˆ�• Š_˜;‘%•�™�‰�“r• Š@—%‰G’C‰�“�•�•H˜E‰�™)›�’2ˆ�‰+ˆ�• ŸYˆ�’w•�–¯’2ˆ�‰

• • �^‘�• —�•9‰G’pŒ;•�•H˜$’2ˆ�‰_ŠGˆE•�’rŠG• ‰)‰) �‰;k¯‡$ˆ�‰ $�“�•Y‘?—%‰�˜%‘;•�™�‰�“�—�•�‰!Š5˜�•�’ÄŽ;• ŒG›=Œ9Š2• ŸY˜�• ²^”)Œ;˜�’¤“�•Y• ‰=•H˜$’2ˆE‰5²‚•
• •H˜EŸ

•�–0’2ˆE‰�”!Œ� �• ’�›!k

m

�

¹qº)»G¼Nº)»2½)¾x¿KÀ%Á?Â�ÃÄ¾!Ã$Å�¾!ÂHÆKº�ÇÉÈSÊ;Á)¾KÆ

ÊEÀ�Ë)¾VÌ�À?Â[¿KÀ%Á$¼€À�Ê?»K¿!ÍFÈ?Î »)Ï?Ç »�Â�Ç Æ&¾2Í

”)•YŽG›;“3• ŸYˆ�’šÐ

Ñ

§

l�Ò�Ò%Ò

§

™G›FÓV“&k5Ô~Œ�“HÕ‚Ö�‰?•H“



Chapter 3. Dimensional Anal ysis
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Chapter 4. Fundamentals of Pipe Flow
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Section 4.3. A simple �o w in a straight conduit
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Chapter 4. Fundamentals of Pipe Flow
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Section 4.4. Typical Components in the Runner andVent Systems

'�� ' ���

�?�f+ Z [�� �����Y���_W����"Y ��� � ],W�� �4�4�,W�� Z?����� W����
	

�

Y���W�� Y

� 0

yNx%Š–p

‡

. p2!/.

‡

y�v q

06*

qFHayNx%Š u�!

0:0

Š¥u›yNxTŠ

1

v Š–p

‡6*

y�v

0

w¡Š

0

w�v

0

Š/Š¥u¤Š

0

p>q3!

0

y Š•u

ƒ

Š

*

v

1

Š–yNxTŠ

*

yNu

‡

v w‚x/y<r¥v�r¥Š

7 x•v pŒx 7

‡6*�1

Š

‡

. y’v

0

yNxTŠ•r¥u!ŠWD•v q3!

*Y*

Š/pXy�v q

0

ƒ

!Ty‹q•yNxTŠ•u�V%v

061

q>HQpXq",�r¥q

0

Š

0

y

*/= 8

xTŠ

*

Š¡pXq3,‹r¥q

0

Š

0

y

*

v

0

p2.(!

1

Š…yNx%Š

ƒ

Š

061

}
�

ˆ�pXq

0/0

Š/pNy�v q

0a‡/021

y

‡/0

w•Š

0

y�v

‡

.>w

‡

y Š

}

6

u)Š/w3!/.

‡

usw

‡

y Š

8

}

yNx%ŠaŠ;T%y Š

021

Š

1

�

p>q

0/0

ŠTpNy�v q

0

‡/021

ŠWT
r

‡/0S*

v q

0>K

p>q

0

yNu

‡

pXy�v q

0{9

v

0

p2.(!

1

v

0

w yNx%Š

‡

ƒ

u�!
r/y–ŠWT
r

‡/0S*

v q

0>K

p>q

0

yNu

‡

pXy�v q

0¥CX=��-0

yNx•v

*�*

ŠTpNy�v q

0 ‡

w•Š

0

Š•u

‡

.

1

v

*

pF!

*�*

v q

0

q

0

yNx%Šfw•q�q

1 1

Š

*

v w

0

r¥u

‡

pNy�v p>Š�HKq�u…yNxTŠ

1

v G�Š¥u!Š

0

y�p>q3,�r¥q

0

Š

0

y�v

*

r•u)Š

*

Š

0

y Š

1I= )

*

Š•r

‡

u

‡

y Š?p¥x

‡

rTy Š¥u�v

*^1

Š

1

v p

‡

y Š

1

y q<yNxTŠ�y

‡/0

w•Š

0

y�v

‡

.‚u�!

0:0

Š¥u

1

!%ŠQy qfv y

*

pXq",�r/. v p

‡

y�v q

0�=

*,+ *,+10 � <&N��

8

x%Š?u!Š

*

v

*

y

‡/0

p>ŠQv

0

yNx%Š

ƒ

Š

021

v

*

pŒu!Š

‡

y Š

1

ƒ

ŠTp

‡

!

*

Š

‡

pŒx

‡/0

wBŠQv

0

yNxTŠ?, q3, Š

0

y;!/,

‡/061

yNxTŠ

Q

q67 r

‡

yGy Š¥u

0�=

��0

w�v

0

Š>Š¥u

*50

q�u�,

‡

.(. t–pXq

0

D%Š¥u)y yNx%Š

ƒ

Š

061

y q ŠSC3!•v D

‡

. Š

0

y�pXq

021

!¥v y?. Š

0

w•yNx

=58

x•v

*

p>q

0

DTŠ•u

*

v q

0

r¥u!q

1

!ŒpXŠ

*

‡21

ŠJC"!

‡

y Šfu)Š

*

!/. y

*

v

0�*o‡

, Š<p

‡6*

Š

*

7 x•v-. Š’v

0

q¥yNx%Š¥u›v y�,?v wsxTy�v

0

yNu)q

1

!%p>Š�.

‡

u)wBŠ¥u�Š¥u]u)q�u

=�8

x%Š�V

0

q67�. Š

1

wBŠ

qFH…yNx•v

*?‡

p/p2!
u

‡

pXtfqFH›yNx¥v

*

p>q

0

DTŠ•u

*

v q

0

v

*

D%Š¥u)t . v-,?v y Š

1

ƒ

ŠTp

‡

!

*

Š=. v-,?v y Š

1 *

y;!

1

t7x

‡

D%Š

ƒ

Š>Š

0

p

‡

u]u)tjq3!Ty

HKq�udyNxTŠ’pŒx

‡

u

‡

pXy Š¥ubv

*

y�v p�qFH

Q

q67

*

v

0�1

v Š’p

‡6*

y�v

0

w

=� 

u)q", yNx%Š�. v-,3v y Š

1

v

0

HKq�u�,

‡

y�v q

0

yNx%Š

‡

!TyNx%q�uAq>H yNx¥v

*

ƒ

q�q3Vhw

‡21

Š•u)Š

1

v y

*

Š>ŠF,~yNx

‡

y…v y…v

*

u)Š

‡6*

q

0Œ‡

ƒ

. Šhy q�p

‡

u]u)tQyNx•v

*

p>q

0

DTŠ•u

*

v q

0

HKq�u1yNx%ŠQp

‡

. p2!/.

‡

y�v q

06*

qFHE. v C"!¥v

1

, Š>y

‡

.

Q

q67 u)Š

*

v

*

y

‡/0

p>Š�7 x•v-. Š v

0

yNx%Š

‡

v�u

K

. v C"!¥v

1

, ŠXy

‡

.R,?v T%y;!
u)Š7v y�H

‡

u^HGu!q3,

‡21

ŠSC3!

‡

y Š

=

‰‹q�u!Š>q>DTŠ•u

}

6

x%q3. Š

8

q>H¤q3!
uIV

0

q67�. Š

1

w•Š‹qFH yNx%Š’w

‡6*
Q

q67 v

0

DTŠ

0

y

*

t

*

y Š>,

‡

u)ŠYH

‡

uI, q�u)Š .

‡

u)wBŠ

=�n

ŠWD%Š¥u)yNx%ŠF. Š

*�*

}

HKq�u��

(

�/�

 ��!�

� �

&��

0

&�(� ��

�N�

$zk��

�

(

� �

yNx%ŠhŠ

0

w�v

0

Š>Š•uKv

0

w’r:!
u]r¥q

*

Š

‡

yAyNx•v

*E*

y

‡

w•ŠQv y

*

Š/ŠF, yNx

‡

y

*

q3, Š qFH�yNxTŠ Š¥u]u)q�u

*

7Vv-.(.¥p

‡/0

p>ŠF.%Š

‡

pŒx�q¥yNx%Š¥u

‡/061

yNx%Š�Š

061

u)Š

*

!/. y 7Vv-.(.

ƒ

Š�,?!ŒpŒx

ƒ

ŠXyGy Š•u

=

cross section R

q

 

v w3!
u)Š�#

= �

$

)N*

VNŠ>y_pŒx3qFHAyNxTŠ

ƒ

Š

061

v

041

v Š�p

‡6*

y�v

0

w

8

x%Š

*

p¥xTŠ>,

‡

y�v p�q>H

‡

ƒ

Š

061

pXq3,4, q

0

. t�!

*

Š

1

v

091

v Š¤p

‡6*

y�v

0

w?v

*�*

x%q67

0

v

0� 

v w"!Bu!ŠE#

= �‚=•8

x%ŠVu)Š

*

v

*

y

‡/0

p>Š

qFH¤yNxTŠ

ƒ

Š

021

v

*Q‡

Hz!

0

pXy�v q

0

qFH

*

ŠWD%Š¥u

‡

..r

‡

u

‡

, Š>y Š¥u

*

$

‡/0

w3. Š

}��1}

u

‡21

v-!

*

}

; ‡/061

yNx%Š‹wBŠ>q3,QŠXyNu)t

ƒ

Š…HKq�u)Š

‡/021j‡

H�y Š•u yNx%Š

ƒ

Š

061I= �

q3,?,Qq

0

. t

}

yNx%Š–u�!

0:0

Š¥u¤v

*

,

‡21

Š?7hv yNx�yNx%Š

*�‡

, Š‹wBŠ>q3,QŠXyNu)t

ƒ

Š…HKq�u)Š

‡/061j‡

H�y Š¥u

yNx%Š

ƒ

Š

0211=

‰‹q�u!Š>q>DTŠ•u

}

7 Š�7Vv-.(.

‡6*@*

!:, Š’v

0

yNx•v

*�1

v

*

p2!

*@*

v q

0

yNx

‡

y

1

q67

0S*

yNu)Š

‡

,

‡/021

!
r

*

yNu!Š

‡

,

1

q

0

q¥y

v

0
Q

!TŠ

0

p>ŠQyNx

‡

y

Q

q67 v

0

yNxTŠ

Q

q67

=E8

x¥v

*V‡6*@*

!:,‹r/y�v q

0

v

*

D

‡

. v

1

7 x%Š

0

yNx%Š¥u!Š<v

*�0

q q¥yNx%Š¥u

ƒ

Š

061

q�ulq¥yNx%Š¥u

pŒx

‡/0

w•Š<v

0

yNxTŠ

Q

q67

0

Š

‡

u

ƒ

t

=�� 0

p

‡6*

Š

*

yNx

‡

y

*

!%p¥x

‡

pŒx

‡/0

w•Š

9�*�C

ŠWT•v

*

y

*

, q�u!Š‹pXq",�r/. v p

‡

y Š

1f‡/0%‡

. t

*

v

*

v

*

u!ŠJC"!¥v�u!Š

1I=

� 0

yNxTŠ . v wsxTyQqFHayNx%Š�HKq�u¤wBq�v

0

w

1

v

*

pF!

*�*

v q

0

}

7 Š . ŠWH�y�7Vv yNxfy�7 q•r

‡

u

‡

, ŠXy Š•u

*

yNx

‡

y�pXq

0

yNu!q3.‚yNx%Š u!Š��

*

v

*

y

‡/0

p>Š

}

yNxTŠ

‡/0

w3. Š

}��‚}

‡/021

yNx%Š u

‡21

v-!

*

}

; )R*

.

‡

u)wBŠ¥u¤yNx%Š

‡/0

w3. Šjv

*

.

‡

u)wBŠ¥u yNx%Š u!Š

*

v

*

y

‡/0

p>Š�7Vv-.(.

ƒ

Š

=

� 0

yNx%Šfr•u

‡

pXy�v pXŠ3y q

1
‡

t

}

r¥u!q

ƒ

‡

ƒ

. t

ƒ

ŠTp

‡

!

*

Š�yNx%Š?7

‡

t‹yNx%Š

n

q�u)yNx

)

,QŠ¥ubv p

‡/0

„¤v Š

�l‡6*

y�v

0

w

)R*@*

q�pTv

‡

y�v q

0

y Š

‡

p¥x¥v

0

w

}

ŠWTŒp>Š

*�*

v D%Š

‡/0

w3. Šap

‡/0

ƒ

Š9HKq3!

021

yNx
u!q3!%wsxayNxTŠhv

021

!

*

yNu)t

= �

y v

*

u!Š/p>q3,?,QŠ

021

Š

140

ŠWD%Š¥u�y q�Š;T¥pXŠ/Š

1

yNx%Š

*

yNu

‡

v wsxTy

‡/0

w3. Š

9"!$#$%/CX=Y 

v w"!Bu!ŠY#

= h

,

‡21

Š4HGu!q3,

‡�1B‡

y

‡

y

‡

VNŠ

0

HGu!q3,

*

ŠWD%Š¥u

‡

.

*

q"!Bu�pXŠ

*/=5 

u)q", yNxTŠ

 

v w"!Bu!Š‹v yhv

*

pF. Š

‡

u.yNx

‡

y…qsrTy�v-,?!/, u

‡21

v-!

*^*

x%q3!/.

1

ƒ

Š

‡

u!q3!

061C�

$ &

0

&) �$

�

 �'

�

(�" $

���

$ &

�
�

��'

� �

�

 

� �

&

���

_ 6

• Ž>•X‘ Ž>•N“>”–•�—B˜Œ™?š›”/šhœT”/™�•�ŽTž#Ÿ¡ 
˜>”�•

 %—•¢>”…£!—Œ™1•�—B˜h‘*—¥ Œ•�•/¦jŸŒ§ •>¨Œž •T™!ž •G”N¦

p>qsrXt
ubv wsxTy{z

|~}�••€•€B€‚}1ƒ

tj„…u

=a†.‡

u�ˆ[‰‹ŠŒv�u



Chapter 4. Fundamentals of Pipe Flow

 

v w"!Bu!Š�#

= h

$

)

w•Š>q", ŠXyNubv p

‡

.

1

Š

*

pŒubv�rTy�v q

0

qFH yNxTŠ’u!Š

*

v

*

y

‡/0

pXŠ‹v

0‹‡

ƒ

Š

021

*,+ *,+�� � GH?(N NO<KG BMLI?(N

k

� 0

$ '

� �

&�"��

0

&! � 

��0

$

�

&! 

8

x%Š

�

ˆ�pXq

0:0

Š/pXy�v q

0

u!Š¥r¥u

*

Š

0

y

‡?*

r:. v yhv

0

yNxTŠ<u�!

0/0

Š¥u

*

t

*

y ŠF,

=R8

xTŠ<u!Š

*

v

*

y Š

0

pXŠ

*,+ *,+.- 243&9O58NO> LI?(N�����?(NKB
	 5OG BMLI?(N

�

0

Š3qFHAyNxTŠY!

061

v

*

v�u

‡

ƒ

. Š?Š>. ŠF, Š

0

yhv

*

yNxTŠ<u�!

0/0

Š•u

*

t

*

y Š>, v

*I*

!

1:1

Š

0

p¥x

‡/0

w•Š�v

0

yNx%Š�pXq

021

!¥v pXy

‡

u!Š

‡�= � 0

*

q", Šjv

0S*

y

‡/0

p>Š’yNxTŠ>t

‡

u)Šjv

0

ŠWD%q

1

Š

ƒ

. Š

=�M

Š�7Vv-.(.

1

v

*�*

p2!

*@*

x%q67 y q

1

Š

*

v w

0f‡/061

7 x

‡

y

‡

u)Š’yNx%Š

ƒ

Š>yGy Š¥u

1

Š

*

v w

0

qsrTy�v q

06*

7Qx¥v p¥x

‡

D

‡

v-.

ƒ

. Š�HKq�u.yNxTŠ?Š

0

w�v

0

Š/Š¥u

=

'��
� �

�����‚����� ����Z [ [��[�

�

���aW^�^]_W��

8

x%Š¥u!Š

‡

u)Š y�7 q+,

‡

v

0

V%v

021:*

qFH�pXq

0:0

Š/pXy�v q

06*��^*

Š•uKv Š

*f‡/021

r

‡

u

‡

.(. ŠF.

= 8

x%Š u)Š

*

v

*

y

‡/0

pXŠ v

0

yNxTŠ

*

Š¥ubv Š

*

pXq

0:0

Š/pXy�v q

0

x

‡6*

y q

ƒ

Š

‡21/1

Š

1

v

0 ‡

H

‡6*

x•v q

0 *

v-,?v-.

‡

u¤y q Š>. Š/pXyNuKv p

‡

.Au!Š

*

v

*

y

‡/0

pXŠ¡v

=

Š

=

ŠWD%Š¥u)t u)Š

*

v

*

y

‡/0

pXŠ

x

‡6*

y q

ƒ

Š

‡21/1

Š

1

r:.

‡

v

0

. t y q•yNxTŠ¡y q•y

‡

.¤u!Š

*

v

*

y

‡/0

p>Š

=+8

x%Š¥u!Š

‡

u)Š ,

‡/0

t7yNx•v

0

w

*

yNx

‡

y<p>q

0

yNuKv

ƒ

!Ty Šjy q

yNxTŠ u!Š

*

v

*

y

‡/0

pXŠ

ƒ

Š

*

v

1

Š

*

yNx%Š u)Š/w3!/.

‡

u�. Š

0

w•yNx

}

v

=

Š

=

ƒ

Š

061:*

}

Š;T�r

‡/06*

v q

0S*

}

pXq

0

yNu

‡

pNy�v q

0S*

Š>y_p

=�)

.(.�yNx%Š

*

Š

pXq

0:0

Š/pXy�v q

06*…‡

u)Š3q>H

*

Š¥ubv Š

*

y t
r¥Š

=

*,+��/+10 �/<�	 LI<6>���?(N NO<KG BMLI?(N

8

x%Š

Q

q67 u

‡

y Š•v

0 1

v G�Š¥u!Š

0

y . q�p

‡

y�v q

0S*

v

* ‡

Hz!

0

pNy�v q

0

qFH�yNxTŠ y Š>,�r¥Š¥u

‡

y;!
u)Š

= �

p2VNŠ¥u)y

9 �

p2VNŠ•u�y

6

†��>†

C

1

Š>, q

06*

yNu

‡

y Š

1

yNx

‡

yayNx%Š x%Š

‡

yayNu

‡/06*

HKŠ•u�v

*

v

06*

v w

0

v <‚p

‡/0

y v

0

yNx%Š

1

!Bu

‡

y�v q

0

qFHdyNxTŠ?<‚.(. v

0

w q>HAyNx%Š‹p

‡

D¥v y]t

}

‡/061

yNxTŠ•u)Š…HKq�u)Š?yNx%Š?y ŠF,�r¥Š•u

‡

y;!
u!Š3qFHAyNxTŠ�. v C"!¥v

1

,QŠXy

‡

.�p

‡/0

ƒ

Š

‡6*�*

!/, Š

1 ‡

.(, q

*

yapXq

06*

y

‡/0

y

1

!
uKv

0

w<yNxTŠ

<‚.(. v

0

w r¥Š¥ubv q

1 9

7 x•v pŒxjv

0

, q

*

yQp

‡6*

Š

*

v

*

,4!%p¥x=. Š

*@* 6

€•€

,?v-.(. v

*

ŠTpXq

061:*�C>=�)R*|*

!%p¥x

}

yNx%Š

*

q3. v

1

v <‚p

‡

y�v q

0

v

*

v

06*

v w

0

v <‚p

‡/0

y

9

yNx%Š�. v C"!¥v

1

, ŠXy

‡

.

1

Š

06*

v y]t<p¥x

‡/0

w•Š

*

. Š

*�*

yNx

‡/0

€

=76��

v

0

yNx%Š–u�!

0:0

Š¥u

C��

yNx%Š¥u!ŠWHKq�u!Š

}

yNxTŠ

DTq".(!:,QŠXyNubv p

Q

q67 u

‡

y Š3p

‡/0

ƒ

Š

‡6*�*

!/, Š

1

pXq

0S*

y

‡/0

y…$

���
b

�

�

b
�

�

b
���

9

#

=

�

C

�

. Š

‡

u�. t

}

yNx%Š<r¥u!Š

*@*

!Bu!Š‹v

0

yNx%Š�r¥q�v

0

y

*

v

*I1

v GIŠ•u)Š

0

y

‡/061

a
�

"

bja

�

"

b a

�

"

b��

9

#

=

†

C

1

q67 Š…DTŠ•u[yNxTŠ�y q¥y

‡

.1r¥u!Š

*@*

!Bu!ŠY. q

*�*

v

*

p>q3,�r¥q

*

Š

1

q>H•HGu!q3,

‡

.(.•yNx%Š

*

,

‡

.(.‚r¥u!Š

*�*

!
u)ŠY. q

*�*

a
�! 

a#"
$�%�b'& a
�! 

a

��(

�

& a

�

 
a

�

(

�

�k�d�

9

#

=76

€

C

�

D%Š¥u)t

*

v

0

w". Š�r•u)Š

*@*

!
u!Š5. q

*@*

p

‡/0

ƒ

Š�7QuKv yGy Š

0‹‡6*

a

�*)+�
 

� b

�
�

g

�

h

9

#

=76G6TC

8

xTŠ•u)Š–v

*�‡

.

*

q7u!Š

*

v

*

y

‡/0

pXŠ

1

!%Š‹y q r

‡

u

‡

.(. ŠF.1p>q

0/0

ŠTpNy�v q

0

v

=

Š

=

tfpXq

0:0

Š/pXy�v q

06*

}

t

*

r/. v y

*Q‡/021

,

‡/0

v HKq".

1>*

ŠXy_p

=^ 

v�u

*

y

}

. Š>y

*

. q�q"V

‡

y›yNxTŠ

*

Š¥ubv Š

*

pXq

0:0

Š/pXy�v q

0 9 *

Š>Š

 

v w"!Bu!Š�#

=

�

C>=

7QxTŠ•u)Š/$

pXqsr>tBubv wsxTy{z

|~}s••€B€•€‚}1ƒ

tf„…u

=V†.‡

u�ˆ[‰‹ŠŒv�u ••Ž>•N‘’Ž>•N“>”–•�—B˜Œ™3š›”/šhœT”/™�•�ŽTž#Ÿ¡ 
˜>”�•

 %—B¢>”¤£!—Œ™I•�—B˜h‘*—¥ Œ•�•/¦jŸŒ§ •X¨¥ž •T™�ž •�š…¦ ‡-,
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Chapter 5. Flow in Open Channels

Flow

y

d

Dx

g

 

v w"!Bu!Š

_‚=76

$

P�� {S~=W=~����•~={ST

z��	�Sz

��
dX
�/~

€

R

€ z

VHX

€


��„R

€S€

XdW

‡/061

}

*

v

0

pXŠ�� �

� �

b��

HKq�u

‡/0

tfr¥q�v

0

yVv

0

yNx%Š�pŒu!q

*@*^*

Š/pNy�v q

0 9

HGu!Š>Š

*

!Bu H

‡

pXŠ

C

}

�

b��

�

g

�

h6m

9�_‚=

•

C

7QxTŠ•u)Š/$

� *

r¥ŠTpTv <‚p�Š

0

Š¥u!w¥t–r¥Š•uE!

0

v y

�

xTŠŒv wsxTy›q>H yNx%ŠY. v C3!•v

1

v

0

yNxTŠ�p¥x

‡/0/0

ŠF.

m

‡

p>p>ŠF. Š¥u

‡

y�v q

0

q>H w‚u

‡

D•v y t

g
‡

DTŠ•u

‡

wBŠ�DTŠ>. q�pTv y]t�qFHAyNxTŠY. v C"!¥v

1

�

HlyNxTŠ|DTŠ>. q�pTv y]t�q>H.yNxTŠ5. v C"!¥v

1

v

*

v

0

pŒu!Š

‡6*

Š

1

}

yNx%Š�xTŠŒv wsxTy

}��[}

x

‡6*

y q<p¥x

‡/0

w•Šhy q�VNŠ>Š•rQyNx%Š

*�‡

, Š

Q

q67

u

‡

y Š

�
b�����b����

g
=� 

q�u

‡4*

r¥Š/p%v <‚p

Q

q67 u

‡

y Š

‡/021

pŒu!q

*�*I*

ŠTpNy�v q

0

}

yNx%Š¥u!Š

‡

u)Š�,

‡/0

t�p>q3,

ƒ

v

0Œ‡

y�v q

06*

qFH[D%ŠF. q�pTv y]t

‡/021

x%Š%v w‚x/y

=��

. q•yGy�v

0

w?yNx%Š

*

Š3r¥q�v

0

y

*

q

0Q‡�1

v

‡

wsu

‡

,

}

7hv yNx yNx%Š

�

ˆ�p>q
q�u

1

v

0%‡

y Š

‡6*

yNx%Š3xTŠŒv wsxTy

‡/061

yNx%Š��sˆ�p>q
q�u

1

v

0%‡

y Š

‡6*

yNx%Š

*

r¥Š/pTv <‚p¤Š

0

Š¥u!w¥t

}

�

}

p¥u)Š

‡

y Š

*d‡

r

‡

u

‡

ƒ

q3.

‡

q

0a‡

w‚u

‡

r
x

=U8

x¥v

*

. v

0

ŠVv

*

V

0

q67

0

‡6*

yNxTŠ

6z*

r¥Š/p%v <‚p Š

0

Š•u)w•t‹p2!
u D%Š

81= �

ŠWD%Š¥u

‡

.�pXq

0

p2.(!

*

v q

0S*

p

‡/0

ƒ

Š

1

u

‡

7

0

HGu!q3,

 

v w"!Bu!Š

_‚=

•

=9 

v�u

*

y

}

yNxTŠ•u)Š

v

*�‡

,?v

0

v-,4!:, Š

0

Š•u)w•t

‡

y

‡�*

r¥ŠTpTv <‚p–xTŠŒv wsxTy�V

0

q67

0’‡6*

yNx%Š

6

pŒubv y�v p

‡

.[x%Š%v wsxTy

8‚=!�

ŠTpXq

021

}

yNxTŠ�Š

0

Š¥u!w¥t

v

0

p¥u)Š

‡6*

Š

*

7Vv yNx

‡�1

Š/pŒu!Š

‡6*

Š’v

0

yNx%Š–x%Š%v wsxTy^7 x%Š

0

yNxTŠ�. v C3!•v

1

xTŠŒv wsxTy v

*

ƒ

ŠF. q67 yNxTŠ<pŒubv y�v p

‡

.[x%Š%v wsxTy

=�� 0

yNx¥v

*

p

‡6*

Š

}

yNxTŠ�,

‡

v

0

pXq

0

yNubv

ƒ

!Ty�v q

0

y q’yNx%Š3Š

0

Š¥u!w¥t v

*�1

!%Š?y q<yNxTŠ�v

0

pŒu!Š

‡6*

Š�v

0

yNxTŠ�D%ŠF. q�p%v y t

= 8

x•v

*
Q

q67

v

*

V

0

q67

0<‡6*

yNxTŠ

6 *

!Br¥Š•u!p¥uKv y�v p

‡

.

Q

q67

8‚=�8

x•v�u

1

}

7 x%Š

0

yNx%Šfx%Š%v w‚x/y�v

*?‡

ƒ

qFD%Š�yNx%Š<p¥uKv y�v p

‡

..x%Š%v wsxTy

}

yNxTŠ

Š

0

Š¥u!w¥tjv

0

pŒu!Š

‡6*

Š

*Q‡

w

‡

v

0�=|8

x•v

*
Q

q67 v

*

V

0

q67

0<‡6*

yNxTŠ

6 *

!

ƒ

pŒubv y�v p

‡

.

Q

q67

8

}

‡/061

yNxTŠ�Š

0

Š¥u!w¥tjv

0

pŒu!Š

‡6*

Š

v

*�1

!%Š�y q<yNxTŠ’xTt

1

u!q

*

y

‡

y�v p�r¥u!Š

*�*

!
u)Š3p>q3,�r¥q

0

Š

0

y

=

8

x%ŠY,?v

0

v-,4!:, r¥q�v

0

y›q>H Š

0

Š¥u!w¥t<p2!
u D%Š’x

‡

r
r¥Š

06*

y q

ƒ

Š

‡

y

g

b�"

m

�$#

9�_‚= �BC

pXqsr>tBubv wsxTy{z

|~}s••€B€•€‚}1ƒ

tf„…u

=V†.‡

u�ˆ[‰‹ŠŒv�u ••Ž>•N‘’Ž>•N“>”–•�—B˜Œ™3š›”/šhœT”/™�•�ŽTž#Ÿ¡ 
˜>”�•

 %—B¢>”¤£!—Œ™I•�—B˜h‘*—¥ Œ•�•/¦jŸŒ§ •X¨¥ž •T™�ž •�š…¦ ‡&%



Section 5.1. Intr oduction
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Chapter 7. pQ2 Diagram Calculations
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Section 7.2. The “common” pQ2 diagram
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Chapter 7. pQ2 Diagram Calculations

{

cavity 
filling

liquid metal pressure at the plunger tip
or the hydralic pressure

starging filling the cavity

liquid metal reaches
to the venting system

plunger location
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Section 7.2. The “common” pQ2 diagram
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Chapter 7. pQ2 Diagram Calculations
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Section 7.2. The “common” pQ2 diagram
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Chapter 7. pQ2 Diagram Calculations
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Section 7.3. The validity of the “common” diagram
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Section 7.3. The validity of the “common” diagram
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Chapter 7. pQ2 Diagram Calculations
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Section 7.4. The reformed pQ2 diagram
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Chapter 7. pQ2 Diagram Calculations
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Section 7.4. The reformed pQ2 diagram
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Chapter 7. pQ2 Diagram Calculations
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Chapter 7. pQ2 Diagram Calculations
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Section 7.4. The reformed pQ2 diagram

Q

P

pressure
efficiency

hpower

power

kK/ 24G73_(�� QB‹N€¢½ 
 �	" � ��

� ��� 
 ��
��G�������� ��6�����
��
 �Ai��$�

%u{ >$9</P6�/PF 1�3i*HG76B*)9W?A17C�R�(E?A>4C7C�(�?<:W/PCE:r{ >s{i1AME9q(�3b/ (A9W17C	-Z*	1�3517FOF (�F�Q‡%'&)($*)1
3_17FOF (
FK?A>4C7C�(�?<:I/ >DC

/PC	?	3_(N1)9�(=6�>H9T:<F MU:<&)(��4>){¿351�:T(B1)9;9�&)>){�Cs/PC�kK/ 2DGH3_(��5Qf‹A€+Qw%W&�(�9�(
3y/ >DG�9'?A>4C7C�(�?<:I/ >4CE/PC	?	3_(N1)9�($6x>
9T:<F M

:<&)(U*�3_(A9�9AGH3_(�1)9 9A&�>){xC�/PCsk0/ 24G73Q( �5Qf‹A€ Qw%'&)(W9�(
3y/ (N9i?�>DCHC)(N?�:I/ >4Co/ Lo§¦C�>K3r6x17F / •�(�-H¨B/ 9uc)(�3QM�?�F >
9q(;:T>U:<&�(

>K3b/ 2K/PC	17F�*7G76B*�Q 2�>){ (�c)(�3|JN:<&�(x*)1
3517FOF (�FA?�>DCHC)(N?�:I/ >4C‡{�&)(�C[§IC)>K3…6x17F / •A(N-7¨'9�&)>){Ž1�R�(A:|:T(�3l*�(�3QLy>K3r6x17C)?A(�Q

%l>[9�:<G)-
M$:<&�(=(�¬l(N?�:T9x>
Li:<&)(=-0/ ($?A1)9T:I/PC)2“6o1	?	&
/PC�([*�(�3QLy>K3…6x17C	?�(N9NJm:<&)(=Ly>4FOF >){'/PC)2�L|G7C)?�:I/ >4C)9x1
3Q(

(<’�176�/PC)(N- �…9�(A(�k0/ 24G73Q(�� QB‹�‹H„�½

�
�

���




&

�

�

�

�1


'

�
�

R

���




&

�

�

�

� �

'

�
�

�

R

���




&

�

�

�

�1�

'

%'&)(UL|G7C)?�:I/ >4C)9�� �5Q •��H1�„�J � �5Q •��4R	„;17C	- � �5Q •��H?N„x3_(�*�3_(A9q(�C�:'1�-0/ (B?A1)9�:I/PC�2“6x1	?	&
/PC�(�{W/ :<&=1�*�>K>K3i*�(
3'&

Ly>K3r6x17C)?A(HJ
:<&�(x?�>46E6�>4CB*�(
3YLy>K3r6x17C	?�(7JH17C	-E1�-0/ (�?A1)9�:I/PC�2$6x1	?�&�/PC)('{W/ :<&o17Cx(�’	?A(�FOF (
CN:;*�(�3QLy>K3r6x17C)?A(HJ

3_(A9�*�(�?<:I/ c)(�F M�Q

h">46BR
/PC�/PC)2=(NŒDG)1�:I/ >DCQ� �5Q •A‹)„ {W/ :<&S� � Q •��H„iM�/ (
F -
9

���



�

U

� ��





&

�

�

���




'

R

���



�

U

� ��





&

�

�

���

�

'

�

R

���



�

U

� ��





&

�

�

���

�

'

3_(N1
3…3517C�20/PC�2=(NŒDG	1�:I/ >4CS� � Q •H•H„iM
/ (�F -H9




�

�

�

&

�a{

��


'




{ �
�

v

&

�

�

���




'

•�� ÛaÜAÝ�Þ�ÜAÝ<ßAà�áIâHã	ä�å‡àNåWæ�àNäPçIÜ�è™éSê7ãAàIç

ê)â
ëAà@ì_â	ä¢áIâHãWÞ#â�ê	ÝIáNí�é	î ÝAï	è Ý�ä_è ç|à<í

?A>4*�M73b/ 24&�:Ø×

Ù

J0•
Š
ŠHŠDJ¢R�M�g@3RQ;Ú"1
3P‚@FE(	/P3



Chapter 7. pQ2 Diagram Calculations

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Q

0

0.2

0.4

0.6

0.8

1

P

P= 1 - Q
 4

P= 1 - Q
 2

P= 1 - Q

k0/ 24G73Q(�� QB‹�‹D½�� 
 �6�'��i  ����� �	
� !����"�#$��
�������"���� � ��� �	�6�$
�" �G�  

���




&

�a{

� ��


'

�
v

&

�

�

���

�

'

�

��





�

{




� �
�

v

&

�

�

���

�

'

!

>4F c
/PC)2=(�Œ4G	1�:I/ >4C)9 � �5Q •
ƒ7„iLy>K3 
�J417C)-=:�17¡	/PC�2$>4C7F MU:<&)(s*�>H9�9</PRHF (=*7&NM)9¦/ ?N17FH9�>DFOGN:I/ >DCKJHM
/ (�F -H9



�

�a{

��


�

R

&

�

{

��


'

��


&

�

�

&

v




'



�

�

�a{

� ��


&

�

�

&

v

�

'



�

R

�a{ ��$

��


�

� �

�	��


�

&

�

�

&

v

�

'

%'&)(o3Q(�-4G	?�(�-=*�3Q(N9�9AGH3_(HJ 
�JK/ 9@*HF >
:|:T(N-�1)9 1'L|G7C)?�:I/ >4CW>
LD:<&)(

��


CHG76BR�(�3DLy>K30:<&�(;:<&73Q(N('-K/ ('?A1)9�:I/PC�2

6x1	?	&
/PC)(s*�(
3YLy>K3r6x17C	?�(N9W1)9@9A&�>){xCs/PC[kK/ 2DGH3_(��5Qf‹�,5Q

kK/ 2DGH3_( �5Qf‹�,¢½��?� � i �	���$���6�� 6 i ����� 
 ��� � ��
1
 �6�'��i  ���
���� �'"��?� � ��� �	�6��

" �	�� 
- 
 �Yi�" �G������" ��� ���������

"8i�� � � �

kK/ 2DGH3_( �5Qf‹�,'-H(�6x>4C)9T:<351�:T(A9l:<&	1�: 
V6x>4C)>�:T>4C
/ ?A17FOF Mi-H(N?�3Q(�1)9�(N9j{'/ :<&‡17C�/PC	?	3_(N1)9�(‡/PC@:<&)(

��


C7GH6ER�(�3

Ly>K3W17FOFm:<&)(“6o1	?	&
/PC�(^*�(�3QLy>K3…6x17C	?�(N9�Q^f;FOFj:<&�(�:<&H3_(A(^3Q(N9�G7F :T9s?A>4C�c�(
3Y:U:T>Z:<&)([9I176�(“F /PC)(�{x&�/ ?�&Z/ 9=1

*HF 1�:T(�17G$1�L5:T(
3

��


�

�

v

QBk	>K3‡F 1
3Q2H(

��


CHG76BR�(�3_9W:<&)(�3_(N-DG	?�(N-“*�3_(A9�9AGH3_(HJ 
$Jl?A17CSR�(s?A>4C)9¦/ -H(�3_(N-�:T>

R�(B?�>DC�9�:�17CN: 
	�

vAw v

�

y

Qw%W&�(�271�:T(xc)(�F >0?)/ :…MNJm/PCU:<&�/ 9'?A1)9q(HJD/ 9

���
�

vxw

� �

���

�



�

�

�

*

� �5Q

�

‹�„

%'&)(d•@•A(�3oCHG76BR�(�3'9�:<3Q>DC�2DF MS-H(�*�(�C	-H9E>4C�:<&�(S-K/ 9I?	&	1�3_2
(�?�>K(�£�?�/ (
CN:AJ h
¤

Ju17C	- 
��

�

�

Qa%'&)(�c	17FOG�(

>�L ���

�

�

/ 9$3_(�F 1�:I/ c)(�F M“/PC�9q(�C)9¦/ :I/ c)(s:T>“:<&�(�9</ •�(�>�L;:<&)(�-K/ (�?N1)9T:I/PC)2X6x1	?	&
/PC�( Q[%W&HG)9NJ":<&�/ 9U(�Œ4G	1�:I/ >4C

?�>4*AMH3b/ 24&�:Ø×

Ù

J4•
ŠHŠ
ŠDJ¢R�M[g@3RQ'Ú"1
3P‚@FE(	/P3 ÛŽÜAÝ<Þ$ÜAÝ<ßAà�áIâHã	äUå‡àNåWæ�àNäPçIÜ�è™éSê7ãAàIç

ê)âHëAàiì_â	ämáIâHãWÞ#â�ê	ÝIáNí�é	î Ý�ï�è Ý�ä5è çIå@í ñ�ñ



Section 7.4. The reformed pQ2 diagram
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Chapter 7. pQ2 Diagram Calculations
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Chapter 7. pQ2 Diagram Calculations
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Section 7.4. The reformed pQ2 diagram
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Chapter 7. pQ2 Diagram Calculations
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Section 7.6. The Intensi�cation Consideration
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Chapter 7. pQ2 Diagram Calculations
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Chapter 8. Critical Slow Plung er Velocity
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Section 8.2. The “common” models
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Section 8.2. The “common” models

�=�'���#�

n

�qp � �

��� � � 
 � � 
 ���

� �

�

� � 
 ��� �L�

�


N� � �

� � �

[

�j�

�

���

� �

�

�

[

�\�

� �

� 
��

�


N� v •0w

è

@

���'�=	6�'
����=*m
�2���(B�Fa

n

�qp�a4� 	+�.-����#(B�KD�2����M��(�
�2�2�(KD�-��b*W(B�p��(�	%	��.9�� �=����G�� 
��3� (4-'	C(�*"�����<G'��� (^2�� �1?����>(� "� �=
��

	%��2��3� (K-���*F�#(48 
7��D��#�����\D'&	�4('� w�
Y(��������'
��:�.-[�^� �!26
'	��3�.-'&¥aT���'���4('�]� 	���D'	��'���~9�?[���'�5���\D�-'&����


�-��)2�
�-!9��$26(4-'	H� �����#���)
'	`
�-��.-�� ���
�4('� �.-���(!
:�KD'2��Fw����'�=�1?���� 26
�� ��� -�D�8M9����Y� 	

�����

a^
�-'��*W(B�V����� 	

G�
��\D��=�����<��-����o?!� ��-'&����:� 	C&K�>��
������T���'
�-���»��Aa��=��� 2��:� 	;� 
��>&����T���'
�-P
�-�?$	��'(��R	6� �6�6G��P96?$
��;� ��
'	����1�R(

(B�U�����>	+(�*`8<
'&K-�� ��D����Nw

���'�����>��	%	6D��#�P�.-P���'�$&�
'	<����
'	%�P2�
�-)9��P
'	0	�D�8=���)��(,9��P2�(4-'	��%
�-��Fw����'�M��?��4�#(�	%�%
��3� 2M���>��	%	�D��#�P�.-

���'�!� � �4D�� ��26
�-�9��[�>�����#�6	%��-��$9�? � �����

�

v�� 
0/F
��U
���-'
�8\�

ç

x���@6a��=�'���#� � ��� � 	����'�:2���-������p(�*Y���'�:2��#(�	%	

	%��2��3� (K-M
��#��
�w`•�(B�X
)2�(4-'	��%
�-��=� � �KD�� �)����-'	H� �1?:���KD�
��3� (4- v •Aw x�@`26
�-�9��)�#���=�m� �F����-)
'	��

i

� � � � �

l

n

�qp

� � 
 � ��
#�

�

� r

� � 
 � ��
!� � � ���L� �

i

� � � � �

l

� 


�

� r

��
 � � ����� v •0w •�@

fY
��N9����
v


�-��A� 
�������•��>�6G�� 2�|�@���D��;����� 	����KD'
��3� (K-,���\D�	�	%�6G����#
��T&���(48=�6���W� 2�
��"�>��� 
��3� (4-'	����.��	�
'	<���'�)	%(#�

�\D��3� (4-�w! Y���#�$�R�:2�(4-��3�.-�D�����([(49��%
��.-M
�-�
�-�
�� ?��3� 2�
���	0(4�\D��3� (4-�w�¼��� "-��.-�&[
)�B�.8<��-'	H� (4-�� �6	0	=��
��#
�8=�6�����

"$#

'	

"$#��

�%�

� 


�

S
v

•0w

ç

@

�}�3�.� � &'�.-�&[���� "-�� �3� (4-
v

•0w

ç

@+
�-��5�#��
��N�U
�-�&^�.-�&!���4D�
��3� (4-
v

•Aw •�@�?�� ��� ��	

�'"$#
p)(

�
� �

l

n

�qpt�

[

�j�

�

�

�

� �'"$#
p*(

�
� �

l

[

�

�

v
•0w���»�@

+

(K� G��.-'&!���KD'
��3� (K-
v

•0w���»�@R*W(B�
"$#Tp

�����!� 
��F�����p26
�-[9��$*FD��>�������R�>��
��1�U
�-�&����)��(!?�� ��� �,�

"$#Tp � -.

.

/

�
�

�
� ���

�
� �L�

W

��021

�43

Y65

W

I

�87

I

	

Y

5

W

I
�

7

I

	

Y:9

�

�

n

�qp

v
•0w��!�'@

fb� G'��-+������	�D�9�	%���#
����<�'�'� &4���6a����KD'
��3� (K-
v

•0w��!��@X26
�-�9����6G'
��\D�
������=*W(B�B�����
"$#

p�a�
�-'�=���'�`26(B�N�#�6	6��(4-��B�.-'&

���\D�-'&����XG'��� (^2�� �1?ca ��
.w;�=��� 2���� 	<���� "-'���Z9�?)���4D�
��3� (4-
v

•Aw

ç

@tw=�;��� 	=	%(4�\D��3� (4-M���.�\�"9����#��*W���N�#���~�'���#�'�.-


'	`�����<;F��-'���#&�?:	0(4�\D��3� (4->=0w

ƒ*?W…*?W… @�‰
y2ACBEDGF

‹
{IH u`Ž’yp•

JRq¦h	KML,NPO5gihQKYq¦sSR$KUT hnh5j5h

+

�.-�2���fY
��19����Fg 	M8=(^�����}-'��G'�����R(B�1|�•��#��G�� 2�|)
�-��c2�(�€��R(B�1|H���>	�&�(�(K-[
V;1 4	����.-'&��U>B�����^� �3� (4->=,�.-!�����

�"D�� �58=��2��'
�-�� 2�	$� � �����#
���D��>�$��(! "-��!���KD�
��3� (4-'	���(����6	32��m�.9��$�����$�C
�G'��wC���'��?:*W(KD�-��,�.-�l�
�8:9^g 	$9�(�(K|

	%�6G����#
��'���KD�
��3� (4-'	��#��� 
��3�.-'&������+�C
�G'�`G���� (^2�� �1?;��(������+�C
�G'�$����� &4���X*W(B�¥
����6���P� � �KD�� �
v

�C
������U@�WVw

+

�.-�2��

���'�6	%�����KD'
��3� (K-�	<
��#�M*W(B�b
!�1�R(��^�.8=��-'	H� (K-'
��426
'	0��ap•��>�6G�� 2�|)
�-��,26(�€��R(B�N|����#	$9�D��.� ��� �;*W(B�b
[	 �4D�
��#���

XZY�§H›�[Hžb®3§3ž�®8\Fž|{;˜1§Hž`™.žF¯ož3™.ž3•H®�ž�›�•C{$Y'—W˜Nš œ œ�¨�–^]�]3œ ž,{%_�`�˜1§3žbž�a�–�›%˜Nš «�•3—p˜1§3ž�`C¯>«�–�•C{�b

��»0� ½A¾6¿�À!¾6¿�Á6Â�Ã3Ä�Å�ÆPÇ�Â�Ç;È'Â6ÆoÉ0¾�ÊeËcÌ�Å6Â0É

Ì'Ä�Í6Â�Î>Ä�ÆTÃHÄ�Å;ÀhÄ�Ì�¿3Ã�Ï,Ë�Ð ¿�Ñ�Ê ¿�Æ#Ê ÉhÂ�Ï

26(4��?��m� &4���J¹

º

a^’�»�»�»Ka¥9�?,¼`�Zw+•}
��.€"OM���.�



Chapter 8. Critical Slow Plung er Velocity
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Section 8.3. The validity of the “common” models


�-'�)���'�$	%(4�\D��3� (4-P(�*p���'�6	0�<�1�R()���KD'
��3� (K-�	=� 	

"$#�� H�������� � �

�

� �

� �

�

� �

� �

l

� �

v •0w��

è

@

�

�
	 �
��r����Pz���������� v������$rtsXu`v �!�wv!x<y"�wv#�Mr$zN{

ƒ*?��*?h† ‡[ˆX‰�Š y ‰�‹ {‘Œ u+Ž yp•

ST-'���#&�?�� 	`|�-'('�=-+��(P�B� 	0	H�.��
����;�.-=
M��?'�K�#
�D�� � 2X/0D�8:�$�.-��<��� 2��=26
'	%�`���'�+���KD'
���	H� &4-��.-;���4D�
��3� (4- v •0w��!�'@

��(���	�-�(��`
������ ?�
�-��)���'�$2��W� �����W� (K-:*W(B�X
�-�(K-�	6��� 
'	6���.-'&M(K�����U
��3� (4-P�R(4D�� �,�>��
��

"$# p%$ "$#'& 
)(�H*�,+-� v •0w���•�@

Q 2�(K-�	�� �����#
�9�� �[
�8=(4D�-��$(�*$�>��	%��
��U2����R(B�1|5�'
'	[9�����-c26
��N�m� ���I(4D��$(K-������ 	P�C
�G���a}�<��� 2��7� 	[|�-�('�<-

�.-����'�!	02�� ��-��3�  K2,� � �����#
���D��>��
'	����'�c��?��K�#
�D�� � 2</0D�8:��w[���'�c��?��4�U
�D�� � 2;/3D�8M�Z���'��-'(48<��-'(4-c�'
'	!9�����-

	���D��^� ���A*W(B�;���'� �'
'	%�!’�»�»~?6��
��#	Lwo�C-�*W(B�>��D�-'
������ ?�a+fY
��19����Fa
v


�-'�•� 
������<(��������P�>��	%��
��U2��'���#	,�.-~�B� �

26
'	%�3�.-�&�€Z	�D�2���
'	!•��>�6G�� 2�|!
�-��A��� 	�	%��D'����-���	<*F�>(K8 �<��� (

+

�%
������R-�� G����>	�� �N?
v

•��>�6G�� 2�|�a}Q+�18=��-����#(4D��


�-��I
���DN�

ç5ç

U�@�a
v

���'(48=�[
�-�� •��#��G�� 2�|!�

ç5ç

��@%@3i�.�a�� &4-'(B�>���,�����c���#��G�� (4D'	)�>��	%��
��U2���w!����� 	:� 	����'�c�>��
��

�#��
'	%(K-P���'
����������.�R8=(^�����K-'��G'���X�R(B�N|6	Tw

ƒ*?��*?W… @�‰
y2ACBEDGF

‹
{ Œeu`Ž’yp•Ü{

KML,NPO5gih0/ s21/h T

���'���#�$
��#���N�R(�9'
'	�� 2:8$� 	%�%
�|��6	;�.-������ 	<8=(^�����.a� "�>	%�0@R���'��9'
'	�� 2=���4D�
��3� (4-'	`
��#�M-'(���
������ � 26
�9�� �=��(������

	��'(��<	�� �6�6G��)	H� ��D�
��3� (4-^aT	%��2�(4-��B@+���'�)	 �4D�
��>�)&���(48=�6���o?�� 	)-�(���*W(4D�-'�Z�.-[���'�[�.-��4D'	����>?Lw:�V(Z�.�\�\D'	����U
����

�=��?=���'�=���4D�
��3� (4-'	�•��#��G�� 2�|<2���(�	%�;
��>�M-�(��YG�
�� � �Ta��%
�|��+���'�<26
'	0���=�'���#�

��3

�
��4

�
�

365

487
wC•�(B�K����
��

26
'	0� �



� 	<��(�	H� �3� G'�P
�-'�!?����C���'�!��?'�K�#
�D�� � 2C/0D�8:�M(K����(�	H� ���<��(,�#��
�� � �1?
v

�
�

$ �
�

@tw

9:/<;_g¿s¦jnh=1?>*OngA@*h_g-B KC/ s21/h T

+

�.-�2���fY
��19����Fg 	!8=(^�����V� 	<	32�� ��-��3�  K2M���1�>(K-���(4D'	�
�-�?������W� G�
��3� G'������
��$� 	�9'
'	0���c(K-�� �M-�(~9����F�����b���'
�-

� ��	`*W(4D�-'��
��3� (4-�i1‚Vw

ƒ*?��*?��
H BW•U•Üy

‰�‹
{ Œeu`Ž yY•

���'� �4('� �.-[���'�!	��'(��=	6� �6��G'���.-c-�(��=��D��N9�D�� ��-��3i �Tw)���'���4('�]� 	P
7���\D'&	�4('�L9���2�
�D�	0����-����>?Z� ��-'&����

���#(49�� ��8$iZ�Tw

•"�6	�� ����	C
��\������� 	�a������<&���(48=�6���o?$(�*"���'�=	6��(��R	�� �6�6G��P� 	�2'�.�#2�D�� 
��;w��;��� 	=8$� 	��%
�|���� 	`�B� 	32�D'	%	%���)�.-������

2�(K8:��
��m� 	%(K-M�.-P���'�:�^� 	02�D'	%	�� (4-P	%��2��3� (K-$(�*p����� 	�2���
��������;w

”*D� �[3žH• ,"š ˜1§�˜1§3ž�—Nž+Ÿb›�EU«�™KŸRš —W˜m›M\hž%—GF $}°T¦�$c–�•C{�ž3™4˜1§3ž+œ ž%›C{�ž3™.—F§�š ¨�«H¯T¤4›H™ `IH�™oš _�`�œ'›�•C{;•�˜Wž�[Hž

¬

{Z[�›3™�{Z`�®%«�•0˜Nš •�–Hž�—

˜W«�›�,¥›H™�{P´+™m±KJ^™.ž�[�š ®^\1,}š ˜1§+›C{t{�š ˜Nš «�•�›�œ�¡�™o›�•€{�—"˜W«�®�«�•0˜Nš •�–3žC˜1§�š —Y™.ž�—Nž%›3™.®3§<–�•0˜Nš œ�•3«5, ) #[§8`Zb

”
³

Y;,K«�•C{6ž3™"§3«5,7ŸC–H®3§LF $}°T¦�$,¨�›Hš {MJ^™.ž�[�š ®8\R¯>«�™B˜1§�š —b™ež%—mž%›H™e®H§Zb

” �

¬

•�œ ž�—m—p—m«�Ÿ�ž%«�•3žb®%›�•�žh²�¨�œ ›�š •`›�•C{;.3«�™V¨H™.«^[3žb«H˜1§3žH™ ,}š —Nž�±

”
y

—Nž�žC¦4§H›�¨0˜Wž3™ z'±

��»�� ½A¾6¿�À!¾6¿�Á6Â�Ã3Ä�Å�ÆPÇ�Â�Ç;È'Â6ÆoÉ0¾�ÊeËcÌ�Å6Â0É

Ì'Ä�Í6Â�Î>Ä�ÆTÃHÄ�Å;ÀhÄ�Ì�¿3Ã�Ï,Ë�Ð ¿�Ñ�Ê ¿�Æ#Ê ÉhÂ�Ï

26(4��?��m� &4���J¹

º

a^’�»�»�»Ka¥9�?,¼`�Zw+•}
��.€"OM���.�



Chapter 8. Critical Slow Plung er Velocity
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Section 8.4. The Reformed Model
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Chapter 9. Venting System Design

QX��8<(�	����'���m� 2[G'��-��3�.-�&TaY�����~8=(�	%�P��� ����� ? D'	%���A26
'	%�3�.-�& 8=�����'(^�¥a`� 	M(4-'�Z�.-,�<��� 2��5���'�,G���-��!� 	

(4����-����I��(~���'�5
���8=(�	��������>�5
�-'�J� 	,�>�6*W���1�>��� �'���#�'�.-Z
'	)
��.�+G'��-��3�.-�& w �<-�� ?~�.-c�?>����#��8<�c2�
'	%��	�
��>�

(����'���}	0(4�\D��3� (4-'	=�#���KD��.�#���TaB	�D�2��M
'	`G�
�2�D�D�8 G'��-��3�.-�&Ta �4(B�>�!•B�#�6�P�V��2���-�� �KD�� v �.- &'�.-'2$
�-��[
��\D�8$�.-�D�8

26
'	%�3�.-�&B@$
�-'�7	 �4D'�6��&���26
'	%�3�.-�& w��b
�2�D�D�8 � 	M
������ � ���5��(7�U>'���U
�2��:
��.� ��&�
'	$*F�#(48 ���'�c8=(4� � 9���*W(B�#�,� �

�'
'	)���'�c(4����(B�o��D�-�� �1?c��(•8$� >Z��� ���c���'�~� � �KD�� �•8=���%
���
�-'�J� �[� 	[2�
��\�XG�
�2�D�D�8EG���-��3�.-'&Aw•���'� �4(B�>�

•B�>��������2���-�� �4D'�$� 	+
PG�
��m� 
��3� (4-$(�*p�����<G�
�2�D�D�8“G���-��3�.-'&[�.-$�<��� 2��<���'�$(C>�?'&���-:� 	;�.-����#(^�4D�2������.-���(M�����

26
�G�� �N?+��(M�>����� 
�26�C���'��
��.�4
�-��=��(M�>��
�2��}�;� �������'�<� � �4D�� �:8<���%
��.a�
�-��;���'���#��*W(B�#�`2��>��
����6	�
`G'
�2�D�D�8 v •}
��:�

OM���.�>�

ç5ç

�^9�@tw

+

�KD����U&��M2�
'	��3�.-'&,� 	<
!�^� nT���>��-��=
������#(�
�2��[�.-��<��� 2��:������	�D��o*m
�26�P����-'	H� (K-[� 	��.-�2��#��
'	0���

��( �>���4D�2��)���'�c��(�	0	H�.9�� �,8P� >��.-'&A���>(^26�6	%	0�6	 v 	68<
��\� ��� � �5-�D�8M9�����
'	$�R���\� @tw[���'�!&�
'	0�6	M�.-[�����[	6��(��

	�� ����G'�$
�-���2�
�G�� �1?M
��#�)8<
�����8<(�	���� ?:(�*Y
��.�p
�-��)���'���#��*W(B�#�<���'�$�����18 ;F
��.�E=[� 	�D'	%���5�����>��
�*U�����Zwb���'�6	%�

�����#�6� ;h	%(K�\D��3� (K-�	8=�
��#�M2�D�8:9����#	%(K8=�:
�-���2��#��
����:
�*m
��C8=(B�#�:�?>�����-�	�� G��!���#(^2���	%	Lw<_o-M����� 	;2���
��������ha¥


�4D�
�� � �%
��3� G'���^� 	02�D�	0	H� (4-�(4-$�=�'��-����'�6	%��	%(K�\D��3� (K-�	C	��'(4D�� ��9���D�	0���!
�-��M�<����-<���'��?M
��#�M-'(���-'�6�������[� 	

���#�6	%��-������Aw

�<9�G�� (KD�	6� ?�aY�����~9��6	%�:G'��-��3�.� 
��3� (4-7� 	!
�2���� ��G'���I�=�'��-7
 �#��� 
��3� G'��� ? � 
��>&���G'��-���
��#��
I� 	!���6	H� &K-����Aw

 Y('�R��G'���Fa4��(I8$�.-��.8P� &��:���'�M	0��2�(K-'��
��o?,8<
�2����.-��.-'& v 	�D�2��[
'	;���m�.8:8$�.-'&�@�a¥��(,��-'	�D��>�M*F�>���U&��.-'&��;� �����.-

������G'��-��3�.-�&�	�?'	�����8�a�
�-'�<��(���-'	�D��>�<9��#��
�|�
'&���(4D���	H� ���R���'�`2�
'	��R8<(4� �Ta6G'��-���	`�'
�G'����(M9���G����o?P-�
��N�#('� w

Q �1?���� 2�
���	H� &6��(�*XG'��-��C����� 2�|�-'�6	0	%��	=�U
�-�&���*F�>(K8 ��€B’�� � ���|wY���'�6	0�$26(4- �T� 2��3�.-'&��#���KD��.�#��8<��-���	`(K-$�����

G���-��;
��>��
)	�D'&�&���	��+
�-M(4���3�.8:D�8]
��#��
�w�Qb	$D�	6D'
�������� ;F2�(K8:8=(K- =)
������>(�
�2��!� 	;���6	32��m�.9����[���'�P���1�#(B�>	


��#�!���#�6	0��-������[
�-��)�����!�#��*W(B�18=���58<(B�����4� 	;����	02��W�.9����Aw

�

�%q � �$rtsXu`v �!�wv!x<y �wv#�Mr�zN{

�*?W…*?h† �`ˆX‰
•�� �Ey�x�D

?
� Œeu`Ž yY•

���'�: "�#	��$8=(^�����K����
�� �.-'&!��� ���)�������U>'���#
�2��3� (4-�(�*C
��.�p*F�#(48 �����)26
�G�� �N?)�C
'	=��(4-'�[9�?

+


�2��'	LwM_.-)����� 	

8=(^�����.a

+


�2���	
v

+


�2���	L�

ç

��’�@`����G'��� (4������
,8=(^������*W(B�p�����M&�
'	*�4('� *F�>(K8 
)�B� �M2�
�G�� �1?�9�
'	%���[(4-M�����

*W(4�\� ('�;�.-�&)
'	%	�D�8:���3� (4-'	�����@����'�$&�
'	<D�-������>&�(B�6	+
�-)� 	%��-����#(4��� 2M���>(^2���	%	;�.-P�����P�^� �P26
�G�� �N?�aK’�@`
��KD'
'	��

	�����
���?5	��%
������?>�� 	%��	�a ��@����'�[(4-�� ?I�#�6	�� 	��%
�-�2��!��(7���'��&�
'	$�4('� � 	M
��$���'�[��-����#
�-�2���(�*+������G���-��6a U�@


 ;38<
D>��.8:D�8 8<
'	0	 �4('� �U
����!� 	:���>��	%��-���=Ka¥
�-'� ��@�������� � �4D�� �78<���%
��"��
'	P-�(,	�D��o*m
�26�:����-�	�� (4-^a4����D�	

�����58=�6�%
��}���#�6	0	�D��>��� 	<���4D�
��4��(,�����)&�
'	����#�6	0	�D��>�Nw

+


�2��'	$
�� 	%(c�B� nV���#��-��3� 
������~9����1�R�6��-!�N�R(526
'	%��	��

2��'(4|���� �4('�•
�-��,D�-�€B2���(K|������4('�
v

9�D�������� 	+�^� nT���>��-��3� 
��3� (K-P�^� �,-�(���2�(K8=�$�.-���(,��� 
6?��.-)��� 	<8=(^����� @tw

Qb	%	6D�8:���3� (4-%�[�#���KD��.�>��	C����
��b*W(B�}2��'(4|���� �4('�J�����M���#�6	%	6D��#���#
��3� (�9���
�9�(KD��b�1�R([9����1�R�6��-<���'�<2�
�G�� �1?


�-'�[G���-��`�U>�� �Fw

Q+�\8=(�	%�:���'�5	3
�8=�~8=(^�����X�C
'	,�>������
���96?Z	%��G'���U
��C�#�6	0��
��#2������>	�iTwJQ+�\�p������	%�A8=(^����� 	�a��;� ���c�����

�U>�2������3� (K-�(�*	���'�.-��.|
v

���'�.-��.|!�

ç

x!x�@�a}-���&4� ��2������'�:*F�m� 2��3� (K-��.-)���'�PG���-��3�.-'&�	%?�	%����8\w=���'�PG���-��=���6	�� &4-

�.-A
A2�(K8:8=���U2�� 
���	�?'	�����8 �.-'2��\D'���6	�
��5� ��
'	%�!
�-A�U>�� �6a�	0��G'���U
��R�4D�2���	�a`
�-�� 	0��G'���U
���
�9��1D����[�U>B��
�-L�

	H� (K-�	
��2�(K-����U
�2��3� (K-�	<�.-!�<��� 2������'���#�6	�� 	��%
�-�2���26(B� �[2�� ��-��
v�


5
�

�

	0�6�
v

+

��
����.�#(0�

ç

���¥a}��
'&�� �Lx���@%@=26
�-

9����6G'
��\D�
���������(Z9��,� 
��#&����X����
�-��,
�-'�5
)�1?���� 26
��^G�
��\D���(�*




5
�

�

� 	<
�9�(KD��

è

(B�C8=(B�#��w�_.-)����� 	<26
'	0��a

�����I���#�6	%	6D��#�7�U
��3� (7*W(B�C���'�,2���(K|'�.-'&c26(4-��B� �3� (K-c� 	M
��[� ��
'	�� �Z
�-��7���'�7���#�6	%	6D��#�7�U
��3� ( �#��
�2��'�6	M����� 	

G'
��\D'�$(4-�� ?M
�*U�����X
�9�(KD���’ � ��(�*p�����)��� 	���(4-$	����#(4|��:� 	+��� 
��'	%��� w`_ �+26
�-!9��$	��'('�=-$����
��C�=�'��-$���'���4('�

� 	P2��'(4|����,���'�,���>��	%	�D��#�[�.-[���'�[26
�G�� �N?���(B�6	)-�(��:�#��8<
��.-�26(4-'	��%
�-��<
'	P
'	%	�D�8=���7�.-[���'�58=(^����� 	M9�D��

�.-'2��>��
'	%��	`�?>���(K-���-��3� 
��\� ?Tw

”�$"¨�¨H›3™.ž3•3˜1œ `3)�•H«;œ š ˜Wž3™o›0˜1–�™.žC—F–�™#™ ` ,¥›3—p™.ž�a�–�š ™.ž|{�.H›�[H›�š œ ›M_�œ ž .�•3ž�ž|{�ž,{$›0˜V˜1§H›0˜"˜Nš Ÿbž�±

2�(4�6?��m� &4���J¹

º

a4’�»�»�»Ka¥9�?�¼`�Zw�•}
��.€"OM���.� ½A¾6¿�À[¾6¿�Á6Â[ÃHÄ�Å�Æ$Ç�Â�Ç;È'Â6ÆoÉ0¾�ÊeËcÌ�Å6Â0É

Ì'Ä�Í6Â`Î>Ä�ÆKÃHÄ�Å;ÀhÄ�Ì�¿3Ã�Ï5Ë�Ð ¿�Ñ�Ê ¿�Æ#Ê É3Ç`Ï ~L~h•



Section 9.2. The “common” models
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Chapter 9. Venting System Design
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Section 9.4. The Anal ysis
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Section 9.5. Results and Discussion
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Chapter 9. Venting System Design
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Chapter 10. Clamping Force Calculations
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Chapter A. What The Estab lishment' s Scientists Say
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Section A.2. Referee 1 (from hand written notes)
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Chapter A. What The Estab lishment' s Scientists Say
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Chapter B. My Relationship with Die Casting Estab lishment
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Chapter B. My Relationship with Die Casting Estab lishment
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Chapter B. My Relationship with Die Casting Estab lishment
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Chapter B. My Relationship with Die Casting Estab lishment
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Chapter B. My Relationship with Die Casting Estab lishment
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Chapter B. My Relationship with Die Casting Estab lishment
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