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∆P = 1.1ρ.v.10-6 (1)

P ≥2.7∆P+1.3 P0 (2)

/`1

∆P 22 µ]·¸	MPa3

ρ 22 @K�Ê�	kg/m3
3

V 22 �4	m/s3

P 22 �5�Üµ](6lµ])	MPa3

P0 22 �K�ï¯µ](6lµ])	MPa�

@A6Í��B$	���ùþ	� P0Vlàá	��BÍ µ]¡Ç	F�'1¡Tãé.(��

@K¯\)�Ø¦�

3. ���������

3.1'&CDEF�GH
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Q=3.6 fi / Kt (3)

/`1

Q 22 K9��	m3/h3

fi 22 �������ú¬;<	P/s3

Kt 22 ����B��%¿	P/l�

î7����K9���L%Á

M = ρ=Q (4)

/`1M 22 7��� t/h�

d@AÊ�>�Ã��¾¿	:ρ = f(T)�

@AÊ�?Ã�Ç\�L%	6@\AB` CG�>D�E/FG
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ρ = ρd [1+a1 (T-Td)=10-2+a2 (T-T d)2=10-6] (5)

PFG ρ=f(T) �L%	¡���~T	d_��FX�

/`1T 22 @AÃ�	È3

Td 22 @A`aÃ�	È3

ρd 22 �Tdl¨�@AÊ�	kg/m3
�

vq]äbc½>DE/Çd1;<>Ó/�~��

�7½>DE/1;<>Ó/�Çd	À9�O�KL~�	e�A¶f�7#�KLðg	ºÀ

h¬;i <~ð"A�	}� H~�j¡kl	d_Y1�>Ó/��F¡á�ä¥� @A��

ló	�KÂ�Ã�: 5È	ÂmÀ�¬7��áÃ���XÃ��n: -5È� 15È	½AB`o1}

pxÃ�ÄÅv�@AÊ�	¥> 1¤q�

> 1 @AÊ�

Ã� T(È) Ê� ρ(kg/m3)

-5 645.3

5 631.7

15 617.6

� Tdr5È	º ρdr631.7 kg/m3
	å}#sO�­xt|�Ã��Ê�¿u	9v Tdwρd¿uxo/(5)	

Y1vq�~ð"

[1+(-10)y10-2a1 +(-10) 2y10-6a2]y631.7= 645.3

 [1+10y10-2a1 +10 2
y10-6a2]y631.7 = 617.6

?g~ð"Y        a1  = -0.21925

        a2  = -3.95757

É`a1: <h%¿	a2:;<h%¿��z"	} Ò?{¦�>1`¤h�p|ρ = f(T)¿u|p}�	d

�sO­t|
ç�É~|¿u�^	�¹��: ±0.01%	¤9�À9���� 

3.2IJKL�/F
î�@AÊ��Ã�%¿6l�^¹	¤9	$ÃiÅ�f���^X� AÕ Pt100���òN�	

6 T = 15È'	É�¹��: 0.18È�î� FC 6000�;<>	6 300È9v'�¹��: ±0.3È	

�w���~��#�	$Ã%&�¹��: ±0.35È	îg8��$��S�ÏÐ���: ±0.08%�
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()*+� YF100�����B�����: ±1%	�}H=>�;<>��	��Y1 ±1%�%

&��	�!Sfó�¡À���	É�	��e&��ij	.�å%&��¹¹÷X�

:2åÜ@b��	45�½����B������!�
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()*+�����B���	���H ����B	���+��K(É���Ê�G��+�)	

6=>�8¬�$����	��=>8¬���%¿ Km(6��ÄÅv: Kt)�!"����¥¦��

�����(�4)���� �����5Y_	ä¥	6@K�¡�+�T¢£j`�����B	�

� 1 ������� �!"#

ρ ( kg/m3 )

631.7

617.6

-5 0 5 15
T (�)

645.3
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����B6¬�$	Æ ¦=>GS�´��¬+(�K C:±)	Æ¦=>¬+Y1�° ��

%¿²¡VJ	d_J ¦=>�¡J¬+|(¡J��4Ý)	��%¿F²¡VJ	> 2¤q: ¦³

´: F9608057W35� YF105���B���¬+¿u�

� 2 $%&'()*+(,-./((0:1,��:272)

�� �� ���� ������ �	 
���

m3/h m/s Kt  P/l Km  P/l % Kα
3.6 0.51 8.518 8.568 -0.58 0.99416
7.2 1.02 8.605 8.568 0.43 1.00432
14.4 2.04 8.603 8.568 0.41 1.00408
28.8 4.08 8.614 8.568 0.54 1.00537
40.0 5.66 8.618 8.568 0.58 1.00584

�÷X���µ��	p�ð��J x��%¿�¡�@�	�@�e��¡J�¤'����

¡J���%¿	}6[�\=>`	S�¡� Åbc���

¶ 2¤q: FC 6000���;<>ÍÎ��%¿ÏÐ�B�·¶�¸Î} #ðg�{¦�Y1W

'¤'��ÄÅv���%¿¹º%¿ Kα	É~��9����B��¬+¿u:Dk	6;»¼ç`

½j ¾ Kα= f(Q)�¿O	É`²|��%¿¹º%¿ Kαîv/ÒY1

                     (6)

/`1 Kf 22 �¬+|��%¿	P/l3

Km 22 p�ð° ��%¿	P/l3

â�½SÀ������;<Á´	B�K9��	Â�o>��ÃV{��~�B�¬ Kα�

�´��%¿¹º�K9�� QJÄ,-�L%¥/(7)¤q�

�3445647888 9
�()!:;<*=>�

� Kα�1

Kα����
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No
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 Kα���

Yes
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3 6.
α

FLOW K Qf= ·α

��� !

"#$%�&

No

� FLOW'�!()*
K f FLOWα = ( )

Km
Kf=K α
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4.3 �J()CD�XY
6 FC 6000���;<>`	[\�Å 55h1Å 74h�Æ:ZÇ Kα = f(Q)�¿ud���	}

 ¾¹º¿O�_À� 10x¿|(ÈÉ!|�Ê|)	É`	Å 55h1Å 64h½51¹Ë<ZÇ¤'�

��	Å 65h1 74hË<ZÇ�¤'��l¨�¹º%¿�¥¦¡Ì 10x|F¡zÍ	e� CzÈ

É Q = 0� |	¶ 3`¿O�ÎÏ#�±°ÐOÑ¬	ÎÏ#��Ò�:26Á´Ó´¬+��'	
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Q (m3/h)

����

Kt (P/L)

������

fi (P/s)

������

-5�(98.04ΩΩΩΩ)

������

5�(101.95ΩΩΩΩ)

������

15�(105.85ΩΩΩΩ)

0.0 0.000 0.000 / 0.000 0.000 / 0.000 0.000 / 0.000

3.6 8.518 8.518 2.323 / 2.323 2.274 / 2.274 2.323 / 2.323

7.2 8.605 17,210 4.646 / 4.646 4.548 / 4.548 4.447 / 4.448

14.4 8.603 34.412 9.292 / 9.291 9.096 / 9.094 8.893 / 8.891

28.8 8.614 68.912 18.585 / 18.581 18.193 / 18.191 17.787 / 17.785

40.0 8.618 95.756 25.812 / 25.808 25.268 / 25.264 24.704 / 24.700

� 4:9�;<=# F9608057W35�>?��&@A� FC 6000B�����AC
DE&����FG��HAI��9��,
IJ#/0K���345
IL#M��

N95
OPQ# t/h���HR�S.
TU��VCW�5� 0.1%�
XYZ[\�)��12��
])� fi = 8.518 p/s^T = 15_
1V012��#

0.001t�`])� fi = 95.756 P/S^T = -5_
1V012��# -0.005t�Q<0.1%MV�
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oa�����A)���]}������ 
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[4]
�� 4:9�

Kα

Q
(m3/h)

1.010

1.000
0.990

0 7 14 28 40
� ?4 ;<!: @α"#

Kt
f

K
163Q i⋅=
α

.
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