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1.1 ����
yPz{|� �}~�����S��.���N�Pz#z�� �}~���

��He��Pz���S���N�2��#F�zYw���#DJ�2��.���

2���H�������(IX 100 mg/m3
����O2�3mg/m3

#

���ed��fgz������4 �.b,¡e¢£¤¥¦�§¨h(MN�

©5ª�fg}«,¬­��®¯�4°­�`±fg²³´µ#U¶�fg·|ª	¸

¹ºXu�.P»e¼½#

1.2 ����	
��	

��������������
���c
¾¿ÀÁ��`Â«Ã�DJÄ2� kPa#�ib
ÅÆO2_Ç«È�

zª���i/0¯È�ÀÁ��l	É¦«Ê�$qËÌ�,¡ÍÎÏI�ÐÃeÑ�

zª6xfg�ÒÓ«ÈÊ´Q(¦#

1.3 �����
y��ÔÕ����ÖN×���SØÙ:ÚÖ���cÛ2ÜÝ~

[1]
#ySÞ �

ÔÕ����WX��(��HÁ:
Åß���cÛ�`�à�á�Ü�����â~

ã����Ü4�(Ûäå.æç�èé)êN� 100ë#
1.4 �� !"#$%&#

2����y�ìíî~ï(ðàñ.�òàð�br��2�ó�ôõ[�fg�

c·|ª	¸¹öôõ�÷IDJøù�úûüý�ôõ[#

�
����

2.1 '()*+��,
�cþ����e('��NI�MN�×�#÷�����e('
�h(��e

de(�P�u�	º�÷
®`�GP»e¼½#$�fgH
�	¤���ùI,Î
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e(h(�èb,ÎH 1m`�����P��#�`
�h(��e(�����2�
�¡

[2]
#

$�fg���P_���e(¦Pi.����È�#

U��e('h(�de(��0��e(�U�2� �S��ed!"J�S��

ed#N#)XDN50���e('�
�h(ρ$1.2 kg/ m3
���ª�!"JP�no�

F#N2�ó�no#U�H$�%&��h(,l�eÑ�c6': 5m/s(�®)h(
[3]
#÷?*)eÑ���6x�c6Ã: 2m/s�U¶�+,-�./0+b
�1HÃe
Ñ%&�b
ª2��934��#

;<5¡���e('l�6789�:;+N<edeÑ�=	�>?

[4]
�2m/s

eÑª���:;�S@AÄa 5m/sª� 16ë#.¶BC�:;?�D���@A¦�
D�U¶HDÃ��EF�G�AHBCIJ:;Á:À~K�zª�����LMN#

�OHGøDPª�G���eÑD: 2m/s������e('�H�QeÑ� 0ª�
,¡Ä62RBS¯�e('�À~qTr��#UV2WXY°XB�ª�fgZA�

é	T�#[X\Vfg�z]§¨�I#$gü:^?_¦ª�fgP�>Ú?�#

2.2 -./0$1)/0��,
abcd�eG
�h(ê�de(��A2�3E�	
fg�Hhijk[L


rPï#S��bw��¢�abcd/e9ûl�GP»e¼½#mu�noPº�÷

VE��CL��p�qabrcdsti$�P_#F�u>b
$�/evw�2�

�xy�èdzI�{����.�| DN 500�p�cdq}J~8#
2.3 2����,
ÛÑ,e('�H��,e('�����CL��×�|e(h(fg#ÛÑ,�

�
V�z4-�#
×D�w���eÑ	��SÀ~:;�gi� h(,£¤��

=ÛeÑ#GH���
���£¤ÛÑ,�2µ���iU¤��4�w�bS4��

w<!"Jû=�y÷be(�J�ó���ih(MN

[5]
#�� J J G 640 - 90���ó

�ÛÑ,�MN®' 1.0ë�./�
fg����¢
e(�J�MN�ÐÃ��#
ÛÑ,e('ý���w2�

    a. 
������û�¯�9� ¡�ó[¢�?�®)#
    b. î£»p�ÛÑ,®HP»e%&�yh(,l½�.v��U¶�u�n¤	º#
    c.  öS[¢#P¥��e('¦]§¨#
    d. ÒÓ«ÈÊ´¦#©X��/�fg#
    e. ªw«.¬v«Û×Ã#Pîh(,�ÛÑ,�­����®8�÷
,Î¯I�
��T�Püý#

�`�
�h(��e(��2°±�A#

��������

H���l���e('(wed«ÈIDP��edÖNID�P��²²<I�

ÖN�V�$�Yw²²³;<{���´¥�è��e(h(èbPN[Ö«tµ�}

L�¶��PI#&��·¸-¹�ç	��H�¤�º����l�«Èèb¥à 50
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ëFS��}L�¶��Ä2 1.48ë�ÖNH 0 ~ 50»��i¥à��}L�¶�0� ± 4.2
ë�F��;<²²¼½i� 56U��èedÖN¥à�zª���l�Ü¾�(�

��I¥à#

���l��.¿À����H�à��lÁ��Ü�?Â���l�ÜÃ�(�c

äå.æç�èé)êN� 100ë�ÄÅÖN�¥à�Ü¾�(���¥à#
yg 1®5�./��ÖNH 0∼50»��i¥à�Ü¾4«¥à(� 11.729kPa�Ü

¾#N¥à(� 0.0782kg/Nm3
�WX��#N?×¦�HÆÇ�º���ìl�20»ª�

#N� 1.1423kg/m3
�./�������0 0.45kg/Nm3

��`êN¥àËÈ}L×I�

h(¶�#2�D`���!"�vw�ÉÊ���À?ËÊ�rD�RSTU�ID�W

X��e(h(lÌ¸¹êN¥à�U�#

S����'(u>278��)�����4N['(#��l�Ü¾P	Í��

�N['(#U���H!Îª�Sl�Ü¾P�P���Ï(�éÐ\îÑi�DÏ(�

$�WXÒÓÖN?��l�Ü¾ÖN�rD�Ôm#

3.1 ����3�4�5678
)XA5é)êNφ�ê�d�S?�æçqp�tr��#N®·��'Õ� 

ρ ρ ρ= +g s  (1)
�l:

ρ  ê�dH?�æç��#N�kg/m3
Ö

ρg ê�d��4H?�æç��#N�kg/m3
Ö

ρs  ê�dlÜ¾H?�æç��#N�kg/m3
#

ρg.ρs®4×·�ØÙ�'Õ:
(2)

ρs = φ ρ⋅ smax (3)

�l� P�t�Ú 4×�?�æç�Û)«È�Û)ÖN.�d«Ü�JÖ

psmax�ρsmax  4×�?�æç�Ü¾�å.4«.é	#NÖ

φ  ?�æç��ê�dé)êN�%Ö
Pn�Ý�Ú�

�ρn   4×�Þ%æçÛ)«È�Û)ÖN��d«Ü�J.ê�d��4

#NÖ

ßà�«�e('��cÙ�

[6]
5ê�ddze(�

(4)

�l: k -�J;
ε -eÑáâ�J;

∆p -�«

÷ê�d��4�dze(1�
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                    (5)

W¶�®°ã~ê�d��4e(z�dÖN�«È.é)êN�=��èÍê�dÖN

.«Èä�å'Aª�®
��N[tµ#

                                                                  (6)

�l: Qf - Ì�tµ�dze(Ö
ρd - å'æç(pd , td , Zd, φ d)ê�d�#N kg/m3

Ö

ρf - b
æç(pf , tf , Zf , φ f)ê�d�#N kg/m3
Ö

y�l(1)�(2)�(3)®rρd.ρfg'�#

pf`�pd�pn- 4×�b
æç�å'æç.Þ%æçÛ)«ÈÖ
tf�td�tn- 4×�b
æç�å'æç.Þ%æçÛ)ÖNÖ

Zf�Zd�Zn- 4×�b
æç�å'æç.Þ%æç�d«Ü�JÖ
P fsmax�ρfsmax - 4×�b
æç��Ü¾å.4«.é	�#NÖ
Pdsmax�ρdsmax - 4×�å'æç��Ü¾å.4«.é	�#NÖ

�l:

φf�φd- 4×�b
æç�.å'æç�ê�dé)êN#

3.2 ����3�4�56!9:
y�¤�Ù�æ�h(ê�d��4e(¢¥�9çè�é�U�êa�ëJD��

6ìÜ¾å.4«g�#Ng�\6°Õé)êN#FH®í�fgA��a�îï��

2$�ìgðÕ�éÁ®Wfgñ¯²�#�.��òóôñ¯àfgõR����

FC6000|¢
e(ðÕâ�giqv2�cê�d��4e(Ö«tµ�²��Â.Ë
6�g��
ÅÄ6�Ë6�?*ëJ.2=å'ëJö�÷��ø�fg�ùqúßà

ê�dÖNh(Añ¯ì Ps max = f(t) g�. ρs max = f(t) g��xû pfs max. ρfs maxÖß

àÖN�«Èh(A�JàN[#Ntµ.��4e('Õ#g 2�Øq�ÆÇ�º��
��.�
��çJàg�Slü 14ýü Nþ[7]

ö� 4�è��ó�fgN[ê�d��
4'Õ#

������

4.1 ;<=>
a. ����4é)���70%CO+8.1%CO2+6.7%H2+1%O2+1.2%CH4+12%N2+1%CH2
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�SÞ�d#��( 150mg/Nm3

b. edÚ
ÖN�td =20»
c. edÞ%æçÖN�tn$20»
d. edÚ
«È�pd$3kPa(g¤A)
e. edÞ%æç«È�pn=101.33kPaqÛ)Ar
f. «È¥Áâh(���0�6kPa
g. edÞ%æç#N�ρ n =1.1423kg/m3

h. edé)êN�φf = φd = 100%
i. ed«Ü�J�Zf =Zd =Zn = 1
j. e(h(���1250Nm3/h
k. Ú
e(�Qch=850Nm3/h
l. �¦e(�Qmin=375Nm3/h
m. ed�N�µ=0.000018Pa•S
n. ,¡iÎ�D20$209mm

4.2?,@AB,C
 a. 'Õ!"J

�'Õ��¦e(ª�!"J� 4.2�104��Ne(ª�!"J� 1.3�105�Û�H
ÛÑ,�	��iq�	��� 3�104<Red<3�107r[8]

#U¶®`]�Hb
��ßi�

,¡edÛ�
4�C�,e#�ù
ÛÑ,e('h(#

 b. ?�æç�ê��#Nρ�'Õ
ìg5

[9]
?�æç�å.Ü��4« P smax $2.3340kPa

ìg5?�æç�å.Ü��#Nρ smax =0.0173kg/m3

W�q1rr

 c. 'Õ�«'��qe(
Þ%æç���4�dze(gZr
ìgr K$0.56

N$0.01251
'Õr

= 0 97125.

         = ± 2206 2mmH O

3

max
max

/1671.1
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33.101

3340.2)333.101(1423.1

mkg
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         = 188.5 Pa
4.3 DEFG

· FC6000¢
e(ðÕâþü��
�÷�öø	l���l���Jàö�÷�
úø�fg#.g 2�Z#
4.4 HIJKGLM��NCOPQJK
ßàb
ÖN t f ì��d�å.Ü¾�(g�[11]

ìrÜ¾å.4« P smax .#Nρ

smax �úßà�(6) (7) (8) ������È�)ðÕâN[��������.��
/
.g 3�Z#y��
/®`æ~�HN[ÖN«Ètµ�%&���
g�ýZ���
��4e(�I¶� ± 0.04ëF·S�ýÈ���
g¢¡.����4'Õ12���M
N# 

������

5.1 2��$R��!ST
5.1.1 �UVW

 a. ÛÑ,	yÜ=?*,��	��,¡���,¡a£¤�ÍÎ#
�i����,¡lz��§¨���>ÚÀÁ�e('�����,¡	���ó

�N�������Ã�÷
H�Ãw	¬v�Üvw#

 b. ÛÑ,��	<,¡�� Í#
 c. ÛÑ,�!e¤	>)Åed	"#

g 1 ��lÜ4å.�(

��ÖN

t(»)
0 10 20 30 40 50

å.Ü�¾«È

Psmax(kPa)
0.6080 1.2258 2.3340 4.2483 7.3746 12.337

å.Ü�¾#N

ρsmax(kg/m3)
0.0048 0.0094 0.0173 0.0304 0.0512 0.0830

g 3 e(ðÕâ�
/ t f =t d
-�ZA P=0kPa P=3kPa P=6kPa9

�QZA Nm3/h Ip=4mA Ip=12mA Ip=20mA
e(À�:;

«ÈÀ�

:;

K=0.98496 K=1.0000 K=1.0148
0% 4.00 mA 0.0    / 0.0 0.0    / 0.0 0.0    / 0.0
20% 4.64 mA 246.2  / 246.2 250.0  / 250.0 253.7  /253.7
40% 6.56 mA 492.5  / 492.5 500.0  / 500.0 507.0  / 507.4
60% 9.76 mA 738.7  / 738.6 750.0  / 749.9 761.1  / 761.0
80% 14.24 mA 985.0  / 984.8 1000.0 / 999.8 1014.8 / 1014.6
100% 20.00 mA 1231.2 / 1230.9 1250.0/1249.7 1268.5/ 1268.2



�

Pf = Pd

-�ZA tf =0» tf =20» tf =50»
Rt =100.00Ω Rt =107.79Ω Rt =119.40Ω�QZA Nm3/h

e(À�:;

ÖNÀ�

:;

K=1.05053 K=1.0000 K=0.87357
0% 4.00 mA 0.0    / 0.0 0.0    / 0.0 0.0    / 0.0
20% 4.64 mA 246.6  / 246.6 250.0  / 250.0 218.4  / 218.4
40% 6.56 mA 525.3  / 525.2 500.0  / 499.9 436.8  / 436.7
60% 9.76 mA 787.9  / 787.7 750.0  / 749.8 655.21 / 655.0
80% 14.24 mA 1050.5 /1050.2 1000.0 / 999.7 873.6  / 873/3
100% 20.00 mA 1313.2 /1312.7 1250.0 /1249.6 1092.0 / 1091.6

�	¶�: ± 0.2% �Q�I¶�: #0.04%
5.1.2 XYVW

b}«¢¡P$Ø%�¬&��$�e('�'�=(#$�U�ÛÑ,Hh(Ãe

ÑÃ#Nede(ª������«:;�¦�2ª�(�Ä2 200Pa)*�$]�H}
«¢¡lÄ62�+Ø%�,-¢¡�qúbe(ZAé�,-��`¬vª�ûi.�

� ./#

a. ¼0ÛÑ,~�ª�î�>1«2�£»p��ß`3,�4#.5 1�Z#U�
2�p6ÃN�~7�eF8�z�#

 b. 
iÎ 10mm�9ü:",�}«,#}«,�N	b,l®����Ø%�;
<eÔ=,#�
9ü,}«��iºX>?}«,i@
�%&#

 c. ÛÑ,A~h(,��4�N[BÏ�Ö�`C}«¢¡HËÊ
��
D#
 d. Hh(,���ó�N�%&���2�¤Eý\PÇ�U�ÛÑ,�é	FGË

Èã±ÛÑ,1«}~Hûl�I�N��`�®�ÛÑ,}~ã·5 1l�J�N[K
v��>1}~ãL:�	#

5.2 Z�[\O!ST
 a. WXMN�«¥Áâ�h(���¦�./OPS¯×I�ú}LQ�À~P�#

� �������	
�



�

./9:_RÍ�¸S�WX9Ï�PÛT�fgQ����UL#�`��«¥Áâ	

¬vHûüýS¯�û_RÍ�¸S��	#

 b. �iH�«¥Áâ�>1«Vl®�~G�Ø%�;<eÔ=,�¥Áâ¬v�N
	�XÛÑ,�÷
¥Áâ��>1«Vl	bSPmHØ%�#

 c. �i��Ep�lz�§¨�«:;�P´uWX�ÛÑ,<�«¥ÁâßYPv
Ep��÷�ûÍ�Z�#

5.3 ]�^_
e(ðÕâ<¥Áâ.ÖNW7âßY��FZ�.5 2�Z#

5 2 �FZ�5

�	��
��


�¤Ø[�ÛÑ,e('
X\�ùk�]^_ ��e(h(�X 95E 4ÊN`�
�[�Õ:ia¢�µ/#

a. �«¥ÁâQw�ó#24¦ª�IUL( ± 0.02ëF·S#
b. ÛÑ,.�«¥ÁâßY
9ü:",Í�Z���Q.n¤úÌ7:xy#}«

,Ì��Ø%�¬&é9#

c. �
G,�q�r«È'�)�e(ýZA%&#
d. �b�[�E`��ÛÑ,û«c$��¬&é9����
�0¶`3�Ì��

�SÞmc#

W¶®d�·
ÛÑ,<�«¥Áâ. FC6000ðÕâMù��GÃÖÃ«����
�4e(h(�å'�ù-�#

�3�FC6000¢
e(ðÕâ\12efÀ~'�#�Ö«tµ���4e(�$¥
g� 4�20mA:;�®Á:hif.D/â�²�!Îñ¯D/# 

�	���

a. 
îjpÛÑ,e('h(I,Î��e(�12üý��k[�FËÌ>&¬v�

�����

�



�

`�I�«:;�P´uWX#

b. Í��l�2å.�Ü¾ª�)Sl���4N[h(�l278�l2<X�À
¸m</0#

c. FC6000¢
e(ðÕâ�)ed�Ö«¥àN[tµ��)ê�����4N[ì
g�'Õ��º÷%&#

����

1. ÇKl�n��êN�h<e('(ñ¯tµ���õR<B�jkñ¯à:op
qp 20rE�Çsí 119�123

2. tujv�nwxyn�2z����e(h(
3. �ò{|E¿2�Ù}nYF100|~�e('b
þü�
4. �N[n��e('�(���nñ¯àfgn1997.9n9~10
5. '(~��nÛÑ,e('
6. h�Þ%nGB2624-81 e(h(/evw�å'¬v.b

7. �òóôñ¯àfgõR�nFC6000¢
e(ðÕâ��þü�
8. �là?fgM9�nJ L�ØÛÑ,e('

��
�������������’98���


